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Scope of project

The	development	of	 technologies	 for	 energy	 storage	has	been	 intensified	 in	 recent	years	driven	
by the disparity between energy availability and demand. Latent heat storage by means of phase 
change materials (PCMs) has proven to be an attractive heat storage technology. Such a heat stor-
age system consists of an encapsulation, a phase change medium contained in the encapsulation 
and	 the	 heat	 transfer	 fluid	 (HTF).	Multi-mode	 heat	 transfer	will	 transfer	 the	 heat	 from	 the	HTF	
through the encapsulation into the storage medium, and vice versa. The design of the storage 
system (dimensions, architecture, etc.), the material choices and combinations (metals, ceramics, 
etc.),	and	the	operating	conditions	(mass	flow	rate	of	HTF,	pressure,	temperature,	etc.)	determine	
the performance of the system. The heat storage medium should have a high heat of fusion, such 
that high energy densities can be achieved, and a high conductivity, such that high charging and 
discharging rates can be achieved. The encapsulation guarantees mechanical and chemical stabil-
ity.	The	specific	choice	of	the	component’s	material	is	challenging	and	requires	a	careful	evaluation.	
Aluminium (Tmelt = 600 °C) or aluminium alloys (Tmelt range 460 – 670 °C) encapsulated in steel using 
air as HTF are two promising combinations that are experimentally and numerically evaluated.

Status	of	project	and	main	scientific	results	of	workgroups	

Figure 1 il-
lustrates the 
melting pro-
cess of Al-12Si 
encap sulated 
in AISI 316L 
steel calcu-
lated in a 2D 
simulation do-
main. 

A hollow cyl-
inder of outer 
diameter 21.3 mm and wall 
thickness 2 mm is simulated in 
a	laminar	flow	of	air	at	10	m/s	
and 727 °C, 148 °C above the 
melting temperature of Al-
12Si,	flowing	from	left	to	right.	
The PCM and encapsulation 
were initially at 578 °C, the 
liquid fraction is illustrated af-
ter 16 s of physical time. The 
melting process was simulated 
using the enthalpy method 
[1], implemented in an in-
house code using unstructured 
meshes in collaboration with 
Dr. Haselbacher. 

The results show that no melt-
ing front exists. Instead the 
melting is homogeneous and 
the range of liquid fractions is 

between 3.57 % and 3.61 %, 
larger closer to the encapsula-
tion. The deviation from radial 
symmetry is close to negligible 
in this case although for differ-
ent HTF temperatures and heat 
transfer rates the asymmetry 
might be more pronounced. 

Currently, an implicit scheme 
is implemented in order to cir-
cumvent computational limi-
tations in the current explicit 
scheme. This novelty will allow 
for three dimensional analysis. 
This code additionally already 
allows simulating the radia-
tive heat transfer in complex 
geometries [2]. In the longer 
term it will be possible to sim-
ulate real systems including 

the effect of all modes of heat 
transfer.

The enthalpy method was cho-
sen based on good agreement 
of simulation results with mea-
surements. 

For validation purposes, two 
experimental campaigns were 
run utilizing different PCMs: 
• 99.99 % pure aluminium

contained in an aluminium
oxide crucible, and

• Al-12SI alloy in an AlSI
316L steel container.

The PCM was melted and solid-
ified	 representing	 one	 charg-
ing and discharging cycle. Up 
to 10 consecutive cycles were 
conducted. 

Figure 1: 

Simulated stream lines of 
air and liquid fraction in the 
AlSI 316L-encapsulated 
Al-12Si after 16 seconds 
(left), and temperature 
and liquid fraction in PCM 
center (right).
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In the future, larger numbers 
of consecutive cycles will be 
tested in combination with an 
accelerated aging protocol to 
assess and quantify degrada-
tion and lifetime of these heat 
storage systems.

Results of the first 
campaign

The aluminium was contained 
in a crucible of 19 mm outer di-
ameter and 1.5 mm wall thick-
ness and heated up to 460 °C 
in an electrical furnace before 
being cooled down to 227 °C by 
controlling the surrounding air 
temperature. The temperature 
was measured in the centre of 
the PCM using a K-type miner-
al insulated thermocouple. The 
measured temperature history 
is	 illustrated	 in	 figure	2	 and	
compared to numerical results. 
The measurement clearly 
shows that the phase change 
processes occur isothermally 
for the case of pure alumini-
um. For the numerical simula-
tion radial symmetry was as-
sumed, such that it could be 
performed in one dimension. 
The enthalpy method [1] was 
used. Aluminium properties 
were taken from [3]. The ra-
diative heat exchange between 
the oven wall and the crucible 
was taken into account us-

ing analytical formulas for two 
concentric cylinders [4]. The 
numerical and experimental 
results are in good agreement 
with the largest deviations 
observed when the sample is 
completely melted and further 
heated. The simulations show 
that radiation dominates con-
ductive and convective heat 
transfer.

Similar results have been ob-
tained for Al-12Si [5]. In ad-
dition to model validation, the 
developed coupled experimen-
tal-numerical methodology 
allows for a general charac-
terization	 and	 quantification	
of encapsulated PCM sys-
tems, their performance (en-
ergy density, charging and 
discharging rates), and their 
material properties (melt-
ing temperature, temperature 
range over which a material 
is melting, latent heat of fu-
sion). More challenging mate-
rial combinations will be inves-
tigated in the future such as 
copper (Tmelt = 1085 °C) in a SiC 
encapsulation.

Besides mechanical and chem-
ical stability, the main criteria 
for judging the heat storage 
system design is optimal heat 
transfer from the HTF to the 
PCM; fast charging and dis-
charging; high energy density. 
Different rates of heat transfer 
will be required depending on 
the application. Different de-
signs (tube dimensions, num-
ber of tubes, etc.) are expect-
ed to turn out to be optimal 
depending on the PCMs and 
encapsulations. One important 
value is the size of the tube or 
tube-like structures containing 
the PCM. Our 2D simulations 
showed that the heat transfer 
between	a	fluid	flowing	around	
large cylinders turns out to be 

too low for practical applica-
tions, such that using porous 
materials will be an interest-
ing	option	(figure	3).	In	a	next	
step, different material com-
binations will be numerically 
tested	to	specifically	match	the	
requirements given by several 
industrial applications such as 
in the cement or glass indus-
try. 

The long term goal is to derive 
simplified	 models	 based	 on	
the results of the full three di-
mensional simulations to allow 
a full assessment of different 
designs and materials, from a 
technical, economic and eco-
logical point of view.
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Figure 2: 

Temperature in the center 
of aluminum contained in 
an Al2O3 crucible during 
melting	 and	 solidification;	
measurement and simula-
tion.

Figure 3: 

Heat storage solutions: from 
hollow cylinders to porous 
materials.
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