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Abstract 
Phase change materials are used in many applications to work as thermal energy storage systems. 
One way to transfer the heat is by letting water flow through a finned pipe submerged in i tank 
filled with PCMs.  

This model is analyzed with a finite element difference  based numerical software for both 
charging and discharging processes. The power ratio between using single-PCM and multi-PCMs 
is compared. The hypothesis was that a multi-PCM configuration is more efficient than a single.  

The results show that a multi-PCM configuration is more efficient than a single-PCM 
configuration. It however also indicates that it is of  great importance to chose the right 
temperature span of  PCM temperatures to achieve as high power performance as possible. This 
is recommended for further studies. 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Nomenclature 

Name    Abbreviation   Unit 

Density    !   kg/m^3 

Latent thermal energy storage  LTES  - 

Phase Change Material   PCM  - 

Power    !   W 

Specific Heat Capacity    CP  kJ/kg K 

Specific enthalpy   h  kJ/kg 

Temperature    T  °C 

Thermal Chemical Material   TCM  - 

Thermal Energy Storage   TES  - 

Velocity    u  m/s 

ρ

!Q
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1. Introduction 
Phase change materials (PCMs) are used in many applications to work as Thermal Energy 
Storage systems (TES). They are used to store energy and deliver it at a constant temperature 
when demand arises. PCMs are used in different configurations, where one is encapsulating it 
into small plastic spheres, letting the heat transfer fluid (HTF) flow past the PCM, transferring 
the heat between the materials (Aldoss & Rahman 2014). This is a efficient way of  optimizing the 
heat transfer. Another way to transfer the heat, used in this study, is working with a capsule with 
PCM and fins. Water  flows past the aluminum fins through a pipe, as shown in figure 1, which 
causes heat to transfer between the HTF and the PCM. 

TES can be divided into three categories: Latent thermal energy storage systems (LTES), sensible 
thermal energy storage systems (STES) and thermal chemical materials (TCM). LTES is 
considered to be more efficient and compact. The problem with LTES is its low thermal 
conductivity. This problem can be solved by using thermal conductivity improvement techniques, 
such as adding carbon fibers to the PCM (Aldoss & Rahman 2014). 

PCMs can be divided into mainly two different types of  materials: organic or inorganic materials, 
where organic materials are for instance paraffins, and inorganic PCMs can be different salt 
hydrates and metals. In this work, inorganic paraffins are investigated. 

In this study, the power ratio between single-PCM units and multi-PCM units in a cooling 
application will be compared. By applying the multi-PCM design, it is possible to achieve higher 
rates of  heat transfer than with single-PCM (Aldoss & Rahman 2014). A single-PCM 
configuration with melting point of  10°C will be compared with both a higher & lower multi 
configuration 8-10-12, and a 
higher zone 10-12-15.  

Previous research on multi-
PCM demonstrates successful 
results in a cooling application 
at low temperatures (Chiu & 
Martin 2013). The aim of  this 
study is to repeat the studies 
done by Chiu and Martin, but 
w o r k i n g i n a h i g h e r 
temperature zone. Power 
performance improvement in 
t h r e e d i f f e r e n t P C M 
configurations is compared, to 
i d e n t i f y w h i c h o f  t h e 
configurations is the most 
efficient. 

   Figure 1. Dimensions of  the model (m) 

2. Method and materials 
The heat transfer modeling was carried out with a finite element difference based numerical 
software, COMSOL Multiphysics, v5.0.1. Charging and discharging processes were carried out 
during a 7h period. 
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2.1. Model 
The model consists of  a finned pipe submerged in an adiabatic cylinder TES tank.  The model 
has three compartments filled with different PCMs. The study compares charging and 
discharging power rates between filling all three compartments with PCM10, with filling it with 
PCM8, PCM10, PCM12, and with filling the compartments with PCM10, PCM12 & PCM15. 
The PCMs in the multi configuration are chosen to maintain a high delta temperature during the 
whole charging and discharging process. The temperatures chosen are based on the existing 
temperatures from the company Rubitherm, as seen in Appendix 1. 

2.2. Governing equations 
The governing equations used by the software are the mass conservation equation (1), the 
momentum equation (2) and the energy equation (3). 

!      (1) 

!   (2) 

!   (3) 

The bold letters are vectors or matrices.  

It is assumed that the HTF and PCM are Newtonian fluids, and incompressible; Boussinesq 
approximation, eq. (4) is introduced to incorporate the natural convection due to gravity. 

!       (4) 

2.3. Thermal Power Calculations 
The thermal power is calculated with the difference in temperature between inlet and outlet 
temperature according to equation (5). 

!     (5) 

The outlet temperature is integrated as  

!     (6) 

where the mass flow is calculated with 

!      (7) 
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0
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∫

!mHTFin = uin ⋅ρ ⋅π ⋅Rpipe
2

-! - 6



2.4. Computational domain and assumptions 
The three computational domains in the model are the PCMs, the aluminum pipe & fins and the 
HTF. They are all meshed with triangular mesh, with quadrilateral grid at the boundaries, as 
described by Chiu & Martin (2013). 

Additionally, a number of  parameters and variables have been set for the computational models 
in all cases:  

- Inlet temperature 6°C for charging with cold,  

- Inlet temperature 18°C when discharging the cold. 

- Inlet velocity has been assumed to be 5 mm/s for all models. 

- Initial temperature of  the system for charging has been set to 15°C. 

- Initial temperature of  the system for discharging has been set to 7°C. 

2.5. Material Properties 
The materials used in the model are water flowing through a pipe, aluminum fins and four 
different paraffins with different properties. Properties of  the paraffins were collected from data 
sheets from the company Rubitherm and inserted in the software. Data from the different 
paraffins can be found in Appendix 1. 

The four different paraffins used with melting temperatures 8°C, 10°C, 12°C and 15°C are 
denoted as PCM8, PCM10, PCM12 & PCM15 in this paper. PCM10 was utilized in all three 
compartments in the single-PCM design. The two multistage PCM-modules were filled with 
PCM8, PCM10 & PCM12, and PCM10, PCM12 & PCM15 respectively.  

3. Results and discussion 
Three different configurations have been compared for both charging and discharging of  cold 
into and out of  the system. The study compares the power ratio between single-PCM and the 
two multi-PCM configurations, as well as between the two multi-PCM configurations with each 
other.  

3.1.Charging mode 
Figure 2 shows the power produced during the charging cycle for all three PCMs. One can see 
that the power drops to close to zero as the system approaches the fully charged state. It can be 
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seen that the multi-PCM-10-12-15 has a higher power in the beginning, but drops faster down to 
zero in the end. This shows that it is more effective and faster reaches the fully charged state. 

Figure 2. Power during charging process. 

It can be seen in figure 3 that the multi-PCM-8-10-12 has higher power than single-PCM-10 
throughout the test cycle, peaking at approximately 20%. It can also be seen in that the power 
ratio between the multi-PCM-10-12-15 and the single-PCM-10 is above 1 from the start until 
10800 s.  During the first 8000 s, the multi-PCM-10-12-15 is more efficient than both multi-
PCM-8-10-12 and single-PCM-10. 

Figure 3. Power ratios for charging cycle 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3.2. Discharging mode 
Figure 4 shows the power produced during the discharging cycle for all three PCMs. The power 
drops to zero as the system approaches the fully discharged state. It can be seen that the multi-
PCM-10-12-15 has a higher power longer time than the other two configurations.  

This indicates that it has higher capacity and can therefore generate higher power during longer 
time. 

The discharging cycle takes shorter time than the charging cycle. 

Figure 4. Power for discharging mode  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It can be seen in the underlaying data (illustrated in figure 5) that the power ratio for discharging 
is about 5% better comparing multi-PCM-8-10-12 with single-PCM-10 for the first 3600 seconds. 
Multi-PCM-10-12-15 compared to both single-PCM-10 and multi-PCM-8-10-12 is however 
significantly better measured over the full cycle. The fact that the values after 10000 seconds are 
oscillating is due to totally discharged models. Comparing ratios of  powers converging to zero is 
nonsensical.  

Figure 5. Discharge ratios comparing the different configurations. 

4. Conclusions and Future work 
It can be concluded that multi-PCM is more efficient than single-PCM (comparing multi-
PCM-8-10-12 with multi-PCM-10-12-15). It can also be seen that the choice of  melting 
temperatures for the PCMs in relation to given inlet temperature of  the HTF is of  great 
importance (comparing multi-PCM-8-10-12 with multi-PCM-10-12-15). 

The aim of  the study was to compare multi-PCM configurations with a single-PCM 
configuration. The hypothesis was that a multi-PCM configuration is more efficient than a single-
PCM configuration. The results showed clearly that the PCM configuration with multi-
PCM-10-12-15 was more efficient than the single-PCM-10. Furthermore, multi-PCM-10-12-15 
was more efficient than multi-PCM-8-10-12. This demonstrates the importance of  choosing the 
right temperatures in relation to the inlet temperature. 

It would be of  interest to study what would happen if  multi-PCM-10-12-15 was compared with 
single-PCM-12, which is the melting temperature of  the middle section, as well as comparing 
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single-PCM-12 with multi-PCM-8-10-12. This would be to determine whether the spread from a 
single to multi (single-PCM-10 to multi-PCM-8-10-12), or the change of  temperature levels 
(multi-PCM-8-10-12 to multi-PCM-10-12-15) was is of  greater importance. 
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Appendix 1
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Data sheet

.

.RT8

. RUBITHERM® RT is a pure PCM, this heat storage material utilising the processes 
of phase change between solid and liquid (melting and congealing) to store and 
release large quantities of thermal energy at nearly constant temperature.
The RUBITHERM® phase change materials (PCM’s) provide a very effective means 
for storing heat and cold, even when limited volumes and low differences in 
operating temperature are applicable.

We look forward to discussing your particular questions, needs and interests with 
you.

Rubitherm Technologies GmbH
Sperenberger Str. 5a 
D-12277 Berlin 
Tel:  +49 30 720004-62
Fax: +49 30 720004-99 
E-Mail: info@rubitherm.com
Internet: www.rubitherm.com 

The product information given is a non-
binding planning aid, subject to technical 
changes without notice. Version:
14.08.2013

0,88

0,2

180

9-6

6-9

Density solid

Heat conductivity (both phases)

Heat storage capacity ± 7,5%

Congealing area

Melting area
The most important data:

[°C]

[°C]

[kJ/kg]*

[W/(m·K)]

[kg/l]

[°C]

Properties: 
- high thermal energy storage capacity
- heat storage and release take place at relatively constant temperatures
- no supercooling effect, chemically inert
- long life product, with stable performance through the phase change cycles
- melting temperature range between  -4 °C and 100 °C

2Specific heat capacity [kJ/kg·K]

Combination of latent and sensible heat 
in a temperatur range of     °C to     °C.0 15

main peak:7

8main peak:

Typical Values

0,77

116Flash point (PCM)

Density liquid [kg/l]
-15

15

at       °C

at       °C

*Measured with 3-layer-calorimeter.

[Wh/kg]*50

Max. operation temperature [°C]40

14 [%]Volume expansion
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Data sheet

.

.RT10

. RUBITHERM® RT is a pure PCM, this heat storage material utilising the processes 
of phase change between solid and liquid (melting and congealing) to store and 
release large quantities of thermal energy at nearly constant temperature.
The RUBITHERM® phase change materials (PCM’s) provide a very effective means 
for storing heat and cold, even when limited volumes and low differences in 
operating temperature are applicable.

We look forward to discussing your particular questions, needs and interests with 
you.

Rubitherm Technologies GmbH
Sperenberger Str. 5a 
D-12277 Berlin 
Tel:  +49 30 720004-62
Fax: +49 30 720004-99 
E-Mail: info@rubitherm.com
Internet: www.rubitherm.com 

The product information given is a non-
binding planning aid, subject to technical 
changes without notice. Version:
13.11.2013

0,88

0,2

150

10-4

4-10

Density solid

Heat conductivity (both phases)

Heat storage capacity ± 7,5%

Congealing area

Melting area
The most important data:

[°C]

[°C]

[kJ/kg]*

[W/(m·K)]

[kg/l]

[°C]

Properties: 
- high thermal energy storage capacity
- heat storage and release take place at relatively constant temperatures
- no supercooling effect, chemically inert
- long life product, with stable performance through the phase change cycles
- melting temperature range between  -4 °C and 100 °C

2Specific heat capacity [kJ/kg·K]

Combination of latent and sensible heat 
in a temperatur range of     °C to     °C.2 17

main peak:10

10main peak:

Typical Values

0,77

123Flash point (PCM)

Density liquid [kg/l]
-15

15

at       °C

at       °C

*Measured with 3-layer-calorimeter.

[Wh/kg]*42

Max. operation temperature [°C]45

12,5 [%]Volume expansion
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Data sheet

.

.RT12

. RUBITHERM® RT is a pure PCM, this heat storage material utilising the processes 
of phase change between solid and liquid (melting and congealing) to store and 
release large quantities of thermal energy at nearly constant temperature.
The RUBITHERM® phase change materials (PCM’s) provide a very effective means 
for storing heat and cold, even when limited volumes and low differences in 
operating temperature are applicable.

We look forward to discussing your particular questions, needs and interests with 
you.

Rubitherm Technologies GmbH
Sperenberger Str. 5a 
D-12277 Berlin 
Tel:  +49 30 720004-62
Fax: +49 30 720004-99 
E-Mail: info@rubitherm.com
Internet: www.rubitherm.com 

The product information given is a non-
binding planning aid, subject to technical 
changes without notice. Version:
13.11.2013

0,88

0,2

150

13-6

7-13

Density solid

Heat conductivity (both phases)

Heat storage capacity ± 7,5%

Congealing area

Melting area
The most important data:

[°C]

[°C]

[kJ/kg]*

[W/(m·K)]

[kg/l]

[°C]

Properties: 
- high thermal energy storage capacity
- heat storage and release take place at relatively constant temperatures
- no supercooling effect, chemically inert
- long life product, with stable performance through the phase change cycles
- melting temperature range between  -4 °C and 100 °C

2Specific heat capacity [kJ/kg·K]

Combination of latent and sensible heat 
in a temperatur range of     °C to     °C.2 17

main peak:9

12main peak:

Typical Values

0,77

125Flash point (PCM)

Density liquid [kg/l]
-15

15

at       °C

at       °C

*Measured with 3-layer-calorimeter.

[Wh/kg]*42

Max. operation temperature [°C]55

12,5 [%]Volume expansion
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Data sheet

.

.RT15

. RUBITHERM® RT is a pure PCM, this heat storage material utilising the processes 
of phase change between solid and liquid (melting and congealing) to store and 
release large quantities of thermal energy at nearly constant temperature.
The RUBITHERM® phase change materials (PCM’s) provide a very effective means 
for storing heat and cold, even when limited volumes and low differences in 
operating temperature are applicable.

We look forward to discussing your particular questions, needs and interests with 
you.

Rubitherm Technologies GmbH
Sperenberger Str. 5a 
D-12277 Berlin 
Tel:  +49 30 720004-62
Fax: +49 30 720004-99 
E-Mail: info@rubitherm.com
Internet: www.rubitherm.com 

The product information given is a non-
binding planning aid, subject to technical 
changes without notice. Version:
13.08.2013

0,88

0,2

140

17-10

10-17

Density solid

Heat conductivity (both phases)

Heat storage capacity ± 7,5%

Congealing area

Melting area
The most important data:

[°C]

[°C]

[kJ/kg]*

[W/(m·K)]

[kg/l]

[°C]

Properties: 
- high thermal energy storage capacity
- heat storage and release take place at relatively constant temperatures
- no supercooling effect, chemically inert
- long life product, with stable performance through the phase change cycles
- melting temperature range between  -4 °C and 100 °C

2Specific heat capacity [kJ/kg·K]

Combination of latent and sensible heat 
in a temperatur range of     °C to     °C.7 22

main peak:14

16main peak:

Typical Values

0,77

130Flash point (PCM)

Density liquid [kg/l]
-15

20

at       °C

at       °C

*Measured with 3-layer-calorimeter.

[Wh/kg]*39

Max. operation temperature [°C]50

12,5 [%]Volume expansion


