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DEVELOPMENT OF CELLULAR CAST STRUCTURES FOR IMPROVING HEAT TRANSFER
IN THERMAL ENERGY STORAGE SYSTEMS

For improving heat transfer in the thermal energy storage system (TES), cast aluminum cellular structures were designed,
optimized, and produced by investment casting. The pattern was 3D printed from polylactide (PLA) polymer and then subjected
to molding and heat treatment. Selected casting parameters, i.e. temperature of the mold and poured metal, as well as low pressure
(vacuum), allowed to production of a complex, thin-walled casting. To evaluate the effectiveness of the structures (enhancers),
a lab-scale heat accumulator was constructed and filled with phase change material (PCM) composed of KNO; and NaNOj salts.
Thermal cycling, including charging and discharging of the accumulator, was analyzed and compared between systems with pure
PCM bed and the one equipped with the produced enhancer. To protect aluminum casting against corrosion with molten salts,
nickel plating was applied. Process parameters, such as plating process time and nickel subcoating application time, were deter-
mined. Microscopic observations confirmed high-quality, continuous coating on aluminum casting surfaces with characteristic

microgrooves remaining after the printed pattern.
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1. Introduction

Thermal energy storage systems are being developed to
provide high heat capacity utilizing sensible, latent, or thermo-
chemical heat. They use renewable and waste energy to improve
the stability and balance between energy supply and demand.
Latent thermal energy storage (LTES) is based on phase change
materials (PCMs), mainly hydrocarbons, inorganic salts, salt
hydrates, stearic acid, and eutectics [1-4]. The PCMs phase tran-
sition can take place between the following phases: gas-liquid,
solid-solid, solid-gas, and solid-liquid, which, depending on the
phases involved in the transformation, may relate, for example, to
a change in volume in the system. Systems based on solid-liquid
phase change are the most popular solution [5]. PCMs, depending
on the phase change temperature, are used in air refrigeration
systems (for phase change temperatures up to 15°C), in medical,
textile, and electronic industries (for temperature ranges from
15°C to 90°C), or cooking and aerospace industry (transition
temperatures above 90°C) [5,6].

PCMs can accumulate and release large amounts of thermal
energy during melting and solidification. Nevertheless, PCMs
have low thermal conductivity, which increases the charging and

discharging times of LTES systems. Therefore, several studies
have been carried out to enhance heat transfer in the PCM and
subsequently improve the working cycle efficiency. Developed
in recent years, the phase change composite materials can be
produced by incorporating highly conductive particles or fibers,
heat pipes (sometimes with fins), or immersing porous metal
foams [7-9]. In the case of composites with metallic foams,
a decreased temperature gradient in the PCM bed and a sufficient
heat transfer are observed. The temperature distribution along
the distance from the heat source is improved by 3-4 times [10]
in comparison to the pure PCM. Loose particles in PCM, like
expandable graphite, can segregate depending on the difference
in density, while when compressed, they can reduce the volume
of PCM by up to 30-44% by weight [11]. The use of spatial metal
structures is of increasing interest due to their high strength-to-
density ratio, beneficial thermal conductivity, large surface area,
and relatively low cost.

Investigations and analyses, presented by other researchers,
most often focused on estimating the increase in heat transfer in
the solid-liquid system by the use of porous structures. Due to
their continuous architecture containing interconnected elements,
atotal 3-10-fold increase in heat transfer rate was observed [10].
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In the solid state, only the thermal conductivity of metal
inserts affects the final heat transfer, but after the melting of
PCM also substantial convection improves the process and re-
duces the charging time. Zhao et al. [10] enhanced convection
by introducing the so-called “wind tunnel” and then observed
areduced temperature gradient in the volume occupied by metal
foam and overall faster heat transfer in paraffin.

In general, the cellular structures in the PCM bed improve
thermal conductivity during both solidification and melting.
Metal foam or inserts with smaller cell size, higher volume,
or mass can improve heat transfer, although replacing PCM in the
storage tank decreases the volumetric heat of fusion. Therefore,
additional investigations and more sophisticated solutions are
being developed. The copper foam can be supplemented with
expandable graphite [12] or, as done by Khalid Lafdi et al. [13],
the carbon foam is coated with copper to improve thermome-
chanical properties. The Cu coating has improved the strength
and stiffness of the foam, as well as the rate of heat dissipation
and absorption. As a result, the PCM composite becomes a ver-
satile material with significantly reduced weight. Although the

research was limited to a few charging (heating) cycles, copper
plating can significantly improve the durability of the porous
structure and the process conditions.

The latent heat storage media, as was mentioned at the
beginning, are based mainly on the solid-liquid transition. They
allow to storage of large amounts of energy in a relatively small
volume, which results in one of the lowest costs among known
methods of accumulation concepts [14]. High-temperature
LTES are promising not only for solar thermal power plants but
they are also investigated for industrial waste heat recovery or
engine waste heat recovery [15]. An example of the PCM that
has been successfully used is an inorganic KNO5-NaNOj salt
mixture.

In addition to the issue of thermal conductivity, inorganic
PCMs have disadvantages such as toxicity, corrosivity, or super-
cooling [16]. One of the most popular metals for the production
of heat exchangers are aluminum alloys [17]. The presence of
KNOj; and NaNOj salts, both in solid form and in solution,
does not affect aluminum. An important factor, however, is the
increase in temperature in the presence of nitrates, as a result of

TABLE 1
Thermal properties of typical composite PCM components
Material a O‘GCII/](Em K) Therm(:;lvjro;lnltll)lctlwty Corrosive behavior reactive to
— pure water — as a result of the reaction with water, a passive layer is formed,
slowing down the further process of aluminum surface oxidation [28§]
Al 22.2[27] 237[27] highly acidic (e.g. HCI, HF) or alkaline media (e.g. NaOH, KOH) [18];
chloride ions (responsible for the pitting corrosion of aluminum in pH close to
neutral) [18]
chloride ions [29];
Cu 16.6 [27] 401 [27] H,S0, [30];
passivation of metallic copper under oxygen conditions [31]
passivation of metallic zinc under oxygen conditions [31];
Zn 29.7 [27] 116 [27] chloride and sulfate ions (increase the solubility of zinc), chromate ions (may
form the passive film) [32]
acids (HNOs, H,SO,, HCIO 4, H,SeQ,), the products of the reaction are the
. intercalation compounds [33];
Graphite 26[27] 90 [27] fluorides, fluorine, and bromine [33];
oxygen [34]
chlorine [35];
Paraffin 106-480 [27] 0.25 [27] nitrating mixtures, mixture of concentrated HNO; and concentrated H,SO, at
elevated temperatures [35];
susceptibility to oxidation at temperatures of 80°C-100°C [35]
—8.5/243 susceptibility of NO;™ ions to the formation of NO, ions in elevated
KNO; I/~ crystal 0.4-0.5 [27] temperatures (and thus decreasing the thermal stability of the salt), in the
orientation) [27] presence of oxygen blanket gas delays the degradation process of NO;~
40 (for ions and can increase the work of the molten salt [39,40]; the NO;™ ions
polycrystalline decomposition to NO, " ions in the air begins accordingly for KNO;, NaNO;
NaNO; form. at the Toom 0.7-0.9 [37] and (Na, K)NO; at temperatures: 650°C, 600°C and 295°C; the resulting
temp;rature) [36] nitrites of sodium and potassium (KNO, and NaNO,) lower the melting point
of nitrates and may decompose to oxides above temperatures respectively:
410°C and 357°C [41];
54.2-71.4 NO;™ and NO, ™ ions (and their alkali metal oxides) may react with H,O and
40% KNOs: (30.0-199.2°C 0.55 CO,, and the resulting hydroxides may react with CO, forming carbonates (e.g.
60% NaNO; | 1 ool range) (at 400°C) [38] Na,CO3), the presence of carbonates elevates the viscosity and may precipitate
(solar salt) [37] 0.76 (at 30°C) [37] in the thermal storage system [41];
high pH values and elevated temperatures may indicate the corrosion of
containment by molten salts (e.g. the austenitic stainless steels) [40,41]




which the pH of the environment may change. In the case of cast
aluminum alloys, the presence of alloying additives may affect
the susceptibility of the alloy to corrosion. For example, copper
particles play a cathodic role in an aluminum alloy and contribute
to its susceptibility to corrosion [18-19]. TABLE 1 summarizes
the thermal properties of typical composite PCM components.
One way to increase corrosion resistance is to cover the surface
with an anti-corrosion layer. In the case of applications for heat
exchangers, in addition to good anti-corrosion properties, the ap-
propriate thermal conductivity of such a layer is also important.
These properties are met by nickel, whose thermal conductivity
is 68.4 Wm'K™! in 20°C (and approx. 61.5 Wm 'K! in 200°C)
[20]. Nickel in the form of a coating can also be enriched with
particles increasing its thermal conductivity (e.g. graphene
particles, thanks to which the Ni-graphene composite showed
a thermal conductivity higher by 15% compared to pure Ni)
[20]. Thanks to its thermal properties, nickel can also be used
as a filler in PCM composites as a material that improves their
thermal conductivity [21]. In addition, nickel shows high duc-
tility [22] and chemical activity (which is used, among others,
in catalysts) [23].

The process of electrolytic deposition of nickel layers (nick-
el plating) is one of the most popular, used on various metals,
among others, increasing their resistance to corrosion or electrical
conductivity, as well as for decorative and finishing purposes.
This process consists of dissolving the positively charged nickel
anode under the influence of a direct current (applied to the an-
ode and cathode), the flow of the resulting divalent nickel ions
through the electrolyte (nickel salt water solution) towards the
negative cathode (coated surface) and reduction of the nickel ions
to metallic nickel deposited on the cathode [24]. The authors of
[25] manufactured the nickel coat on A356.2 aluminum alloy
and its composites with rice husk ash particulates to improve
its corrosion resistance. The corrosion tests were carried out in
an aerated 3.5% NaCl solution environment. The tests showed
an increase in corrosion resistance for A356.2 aluminum alloy
and its composites as a result of nickel plating. The nickel elec-
troplating process can also be used to introduce particles into
the protective coating to improve the other properties of such
coating (e.g. TiO, nanoparticles, thanks to which the increase
in hardness and the value of Young’s modulus of plated surface
were observed) [26].

These briefly described issues have been analyzed and
developed in the presented work. The research focused mainly
on characterizing the performance of the metal insert, and its
ability to increase heat transfer during the charging and dis-
charging cycle. The lightweight hexagonal structure made of the
Al-Si alloy was used to fill the laboratory chamber tank filled
with the eutectic KNO;-NaNOj; salt mixture. Measurements
of the temperature distribution were performed, gradients at
the bed height were determined, as well as the time necessary
for complete melting or crystallization of the PCM. Trial tests
of covering the inserts with a Ni coating, which is intended to
protect the inserts against corrosion in the salt mixture, were
carried out.

935

2. Materials and methods

The hexagonal metal structures were produced by the means
of a modified investment casting method, including designing of
polymer pattern, 3D printing it, molding with a special plaster,
heat treatment to burn-out of polymer, and developing desired
molding properties (strength, permeability, abrasibility) and
finally pouring of liquid aluminum. The Pattern was created
in Autodesk Inventor Professional 2018 and next, using the
Simplify3D software, transformed into the G-code file. Thin-
walled hexagonal patterns were produced from polylactide
(PLA) using HBOT 3D printer F300. To create a pattern a wax
gating system was attached and then the assembly was placed
in the flask for pouring of the molding slurry. After the chemi-
cal hardening, the mold was subjected to heat treatment with
a maximum temperature of 730°C. Simultaneously, after the
combustion and gasification of the polymer model, a precise
cavity adequate to the model’s shape was created. For moulding
ceramic plaster Randolph Ransom-type R&R® ARGENTUM™
(quartz <50%, cristobalite <50%, CaSQO, binder) was used.
Preheated mold was put into an autoclave and under the pres-
sure of 0.04 MPa aluminum alloy (AC 44200, Si-10.5%-13.5%;
Fe-0.55%; Cu-0.05%; Mn-0.35%; Zn-0.10%; Ti-0.15%;
Al-balance) was poured. An exemplary 3D printed model and
castings are presented in Fig. 1. The size of the hexagonal cell
(14, 18, 20, and 23 mm) and the wall thickness (0.8, 1.0, 1.2,
1.5 mm) were changed during the optimization of geometry.
The phase change material (PCM) was composed of KNO; and
NaNOj salts provided by Archem, mixed in the proper ratio, and
melted together before tests. The weight ratio of the salts was
54:46, to adjust the melting point at 222°C. For each system,
measurements were repeated 4-6 times.

Fig. 1. View of 3D printed PLA model (on the left), the cell size and
wall thickness are 18 mm and 0.8 mm (18/0.8), insert castings with
geometric parameters, 20/1.0, 14/1.5, 23/1.2, successively from the left,
dimensions external: diameter/length approx. 105/120 and 115/180 mm

The constructed laboratory test stand included an insulated
cylindrical chamber heated from the bottom flat source. To de-
termine the effectiveness of metal inserts and heat transfer in the
PCM chamber, thermocouples were mounted at 11 and 82 mm
distance from the heated bottom (Fig. 2). Temperatures were col-
lected and recorded by Adam 4018 type adapter with 8-channels
and Visidaq program. Systems with a pure mixture of salts and
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the ones with immersed inserts characterized by different wall
thicknesses (0.8, 1.0, 1.2 mm) and dimensions of the hexagonal
cells (20 and 23 mm) were tested.

| Thermocouple at 82

Single cell size

Thermocouple at 11 mm

Heater

Fig. 2. Scheme of the laboratory heat storage chamber with metal insert
and the thermocouples placed in the center of the cells at 11 mm and
82 mm distance from the heated bottom

3. Results and discussion

3.1. Thermal performance of aluminum inserts
in PCM accumulator

The constructed heat storage unit was charged for 2 h to
completely melt the entire PCM. Fig. 3 shows an exemplary
temperature measurement for a system without an insert and with
the ones type A (single cell size of 23 mm and wall thickness of
1.2 mm, 23/1.2) and B (20/1.0), and the temperature of the heater.
The temperature measured far from the heat source (82 mm)
shows the efficiency of heat transfer and the reinforcing effect
of the insert. After ca. 8 min the heater reaches the temperature of
250°C, sufficient to start the melting of PCM at the bottom. Next,
the temperature increases to 270°C and stabilizes for ca. 2 h. This
is approximately the time needed for the complete melting of
the salt mixture without a metal insert. The slowest temperature
increase in the tank occurs for the system with a pure salt mixture
without an insert (PCM82). After approx. 3000 s, a slowdown in
heating is observed, which proves that energy is absorbed during
the transformation of a-f eutectoid transition for salt mixture
Nay 5K sNOj5 defined in [42] at 110°C. The same phenomenon
and deviation in the temperature curve can be noticed for the
systems with inserts (A82 and B82), but much earlier, after ca.
1500 s. Followingly, the temperature increase is uniform until
the value corresponding to the phase change of the PCM mix-
ture is reached. The end of the phase transition for the system
without an insert, pure PCM, occurs after approx. 6500 s, which
is manifested by a temperature jump. A similar phenomenon in
the systems with cast inserts takes place 500-1000 s earlier. In
general, it can be stated that the fastest complete melting of the
bed occurs in the system with insert type A. This is confirmed by
a step increase in temperature at about 230°C on thermocouple
A82. The temperature of the entire bed is homogeneous, the
same at 11 and 82 mm. An important feature of homogenizing

the temperature field leads to a possibly small difference between
the lower layers, close to the heater, and the upper ones.
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Fig. 3. Temperature profiles during charging measured at the heater and
11 (only A) and 82 mm distances from the bottom for the chamber with
pure PCM and PCM with inserts (type A — single cell size of 23 mm
and wall thickness of 1.2 mm, 23/1.2 and B — 20/1.0)

In subsequent studies, the temperature gradient in time
between the lower and upper thermocouple was calculated. The
curves presented in Fig. 4 prove that the highest gradient was
shown by the system with pure PCM, it is about 70°C in the time
interval of 1000-4500 s. The use of inserts reduces this value
more than twice — to 20-30°C. The best thermal performance,
slightly better than for the unit with insert type B, characterized
the system with the one of type A. The difference in favor of
insert type A is 3-4°C.
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Fig. 4. Temperature gradient between thermocouples at 11 mm and 82
mm from the heated bottom (for the chamber with pure PCM (P11-P82)
and composite PCM with inserts type A or B)

The tests performed on one insert allowed to determine the
optimal dimensions of the hexagonal structure. In the next step,
four inserts were produced with a single cell size of 23 mm,
awall thickness of 1.2 mm, a central cylindrical pipe, and external
global dimensions of 115 in diameter and 180 in length. The view
of such an insert is shown in Fig. 1 (first on the right). In the pro-
duced steel-walled chamber they were mounted in a horizontal
position, two at the bottom and two at the top (see Fig. 5). The
electric heaters introduced into their central channels were sup-
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Fig. 5. View of the accumulator chamber (a) and a cross-section with a scheme of the arrangement of thermocouples and their symbols (b)

posed to imitate pipe with heat transfer fluid (HTF) that would
be used to charge the accumulator. The scheme of the test stand
is shown in the Fig. 5b along with the arrangement and marking
of thermocouples. Several heating cycles were performed, main-
taining such a power supply to the heaters that the temperatures
on the surface (TW1 and TW2) were comparable.

Considering the temperature distribution in the insert cells,
values in the upper and lower sections were compared to assess
the temperature differences above and below the pipe as well
as the effect of convection. The lower outer (T1.1) zone melted
at the end, while the side outer (T1.3) behaved slightly better
(Fig. 6). The corresponding zones in the upper insert melted
about 400 s earlier. It can be stated, that this was due to the
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effect of direct heating from the lower section and convection.
At a similar time, the outer zone above the lower insert (T1.5),
melted. The outer zone above the upper insert (T2.5) heated up
approx. 400 s earlier. The difference between the upper, side, and
down cells in the lower and upper inserts is similar and amounts
to ca. 400 s. However, the difference between the outer zones
T1.1 (at the bottom) and T2.5 (at the top) is 800 s, which proves
a significant heterogeneity of the temperature field distribution,
despite the same ratio and distribution of the metal structure.
The temperature distribution close to the heating tube is similar
for both inserts T1.2/T2.2 and T1.4/T2.4, regardless of whether
it is the upper or lower zone. Melting occurs at the earliest in T1.4
and T2.4 locations, after approx. 600-700 s, i.e. 10-12 minutes.
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Fig. 6. Temperature profiles measured at the bottom heater and at 5 and 70 mm distances from the bottom for chamber only with PCM and for

composite PCM with cast inserts
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The simulation carried out in the next step confirms that melting
occurs first in these zones. The moment of melting in the upper
outer zone T2.5 takes place only about 200 seconds later. It can
be concluded that when designing metallic structures, they should
be properly modeled to equalize the temperature fields. Sum-
marising, in the lower zones of the PCM, the immersed metal
structure should be denser, while the amount of metal should be
reduced in the upper zones of the unit.

Preliminary investigations included CFD simulations of
the PCM melting process in an open domain with a central heat
pipe as an energy source. Transient simulations were conducted
with the use of Ansys Fluent software for theoretical models
with and without gravity. The lack of gravity forces provide
uniform radial thermal energy distribution in all directions, but
when gravity is included, the character of energy distribution
changes significantly. The buoyancy forces and viscosity start to
have a great influence on the flow pattern of the liquid fraction
of PCM material (Fig. 7), where the upward flow is dominating.
This phenomenon significantly changes heat transfer in the PCM
bed, enhancing phase transition in the upper parts of the PCM
domain, and restricting heat flow downwards. The general be-
havior of temperature distribution and liquid fraction interface
development coincides with experiment observations and makes
initial suggestions on how to equalize energy distribution in PCM
bed to reach shorter melting cycles.

3.2. Protective Ni galvanic coatings against salt PCM

In the present work, the test samples were cut out from the
heat exchanger. Nickel coatings were applied to the inserts using

the COMFORT V galvanic line by Jentner GmbH (Fig. 8). The
process of nickel plating of inserts was preceded by electrolytic
cleaning with the use of Electrolytic Degreasing Salt JE610 (Na-
»Si03, NaOH, Na,COj3). The next stage was electrolytic nickel
subcoating with the use of Adhesive Nickel Bath JE303 (NiCl,,
HCI). The nickel coatings were then applied in an electrolytic
process using Nickel Bath JE300 (NiSO4, NiCl,, H;BO3).

Two types of anodes were used for individual electrolytic
processes: steel for electrolytic degreasing and nickel (active)
for the production of the nickel subcoating and further nickel
plating.

To determine the optimal process parameters, it was pro-
posed to investigate the effect of nickel plating process time
and nickel subcoating application time on the quality of the
produced nickel coatings. For the procedure, the process of
electrolytic degreasing and nickel subcoating was carried out
under constant conditions, while the nickel plating time was
5, 10, 20, and 30 min and nickel subcoating time equaled 1, 2,
3,4, and 5 min. As a reference point, the nickel subcoating ap-
plication time of 5 min was used together with the time of the
proper nickel plating process of 10 min. The current density for
both analyzed cases was 17.5 A/dm?.

The individual steps of the process, along with the condi-
tions, were as follows:

*  washing samples with distilled water and acetone and drying
at 60°C,

* electrolytic degreasing (2 min, room temperature, 9V),

»  washing with deionized water and drying at 60°C,

» electrolytic nickel subcoating (from 1 to 5 min, room tem-

perature, 4 V),

+  washing with deionized water and drying at 60°C,

28 min

P - -

Fig. 7. Maps of the temperature distribution (left) and the liquid fraction area (right) for the time interval of 28-31 min



. nickel plating (60°C, 3V, time: from 5 to 30 min),
»  washing with distilled water and drying at 60°C.

The samples were directed to the anode with the outer sur-
face of the insert, marked as “outer”. The surfaces of the inserts
that were not facing the anode were marked as “inner” (Fig. 8).
The inner surfaces of the samples were analogously the inner
surface of the insert, and, respectively, the outer. After each de-
greasing and nickel plating step, the samples were weighed to
determine the weight of the deposited nickel layer per unit area.

anode cathode (insert)

+ -

inner surface

nickel bath

a)
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It was found that the optimal time for applying the nickel
subcoating was 5 minutes. The reduction of this process duration
favored the formation of areas not covered with a nickel layer
during the actual nickel plating process (Fig. 9a, Fig. 10a, and b).
A difference was also observed between the primary distribu-
tion between the outer and inner surfaces of the samples. This
is due to the arrangement of the samples to the anode during
the process. The nickel coatings of the samples on the surfaces
facing directly towards the anode were thicker compared to the

b)

Fig. 8. View of the: a) sample marking scheme and b) nickel plating station
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Fig. 9. EDS maps of the distribution of elements in nickel-coated samples’ outer surfaces, for 10 min of nickel plating process and time of sub-
coating equalling: a) 1 min, b) 4 min, ¢) 5 min
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Fig. 10. EDS maps of the distribution of elements in nickel-coated samples’ inner surfaces, for 10 min of nickel plating process and time of

subcoating equalling: a) 1 min, b) 4 min, ¢) 5 min

coating of the inner part. In the exposed areas, not covered with
nickel, apart from aluminum, oxygen was observed, which is
characteristic of aluminum oxides.

In the case of the analysis of the effect of nickel time on
the quality of nickel coatings, it was observed that by extending
the nickel plating time, the layers deposited on inserts become
more homogeneous, mainly in terms of inequalities visible in
the SEM pictures.

In Fig. 11 the linear analysis of sample for reference pa-
rameters is presented, where 5 min of subcoating and 10 min

o
S
TR RS I R T

50

of actual nickel plating were applied. The presented graphs
show a clear zoning, within which three zones can be distin-
guished: the sample core (from 0 to 60 um), the transition zone
(on the 60 to 70 um section), and the outer layer constituting
the proper nickel coating (within the range from 70 pm up to
about 150 um). In the sample core, signals from aluminum and
silicone predominate, which is consistent with the composi-
tion of the alloy. There are also weaker oxygen signals. The
nickel content in this section is very low. Only slight signals
corresponding to this first grid may indicate impurities depos-

3
1

100pm

Nickel Ka1

R I o

100 150 0
gm

L S R B
50

T
100 150
Hm
Aluminum Ka1

Fig. 11. EDS line scan along the blue line for sample nickel-plated for 10 min and subcoated for 5 min



ited during sample preparation (e.g. during polishing). In the
transition zone, a sharp decrease in the aluminum content and
an increase in the nickel content can be observed, as well as the
peak for silicon and oxygen. This may prove the occurrence of
oxidizing processes during the production of the nickel under-
coating. Finally, in the outer layer, constituting the actual nickel
coating, there are only signals from nickel and oxygen, and the
intensity of signals from oxygen is at a similar level as in the
sample core.

4. Conclusions

The hereby proposed modified investment casting process,
utilizing a 3D-printed polymer pattern, is an adequate technique
for the flexible production of spatial castings to be used for the
heat transfer enhancement in LTES units. Due to the selection
of Al-Si alloy, the manufactured inserts are lightweight and
complex in terms of shape, as this material possesses high
flowability and therefore is a proper choice for the casting of
thin-walled parts. In the first stage, the elaborated heat transfer
enhancers were optimized regarding geometry, as several wall
thicknesses and cell sizes were tested. The application of the
fabricated castings in a one-insert test stand helped to reduce
the time needed for the complete melting of the PCM deposit by
500-1000 s and decreased the temperature gradient between the
bottom and the top zones of the accumulator by 2-3 times. The
best outcomes were obtained for the type A insert, which was
further applied in the second stage of investigation — a four-insert
test stand (cell size of 23 mm, wall thickness of 1.2 mm, external
global dimensions of 115 in diameter, and 180 in length). After
a detailed analysis of the thermal performance of the up-scaled
composite PCM heat accumulator, it can be concluded that, due
to the e.g. natural convection, designed structures should differ
on the height of the accumulator, so they could homogenize the
temperature distribution more efficiently. In the lower zones
of the PCM, the volume of inserts should be higher than in
the upper ones. Moreover, to ensure corrosion protection dur-
ing the long-term work of the evaluated cast structures in the
molten salt environment, nickel-based galvanic coatings were
considered. Nickel plating process parameters were adjusted,
identifying the most promising plating and subcoating times
as, respectively, 10 min and 5 min. The fabricated layers were
characterized, confirming the formation of a homogeneous
nickel coating.
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