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Abstract. Free cooling is a process in that cool air circulates through a thermal storage system in the night time. 
During the day, air is circulated through the storage device by a mechanical ventilation in order to cool a room. In 
this study, a numerical study was performed to simulate heat transfer and fluid flow in a heat exchanger with a 
plate type storage consisting of a phase change material (PCM). The results show that cooling performance is 
strongly affected by mass flow rate in the heat exchanger. The results also show that a considerable increase is 
seen in cooling power when the mass flow rate is increased. On the other hand, temperature gets higher values 
when a higher mass flow rate is used. 
Keywords : Free cooling, PCM, heat exchanger, rubitherm, latent heat. 

 

1. INTRODUCTION 

Phase-change materials (PCMs) are substances 
capable of storing and releasing large amounts of 
energy due to their high latent heat. Heat is 
absorbed or released when the material undergoes 
a phase change. PCMs can be classified into three 
major categories: inorganic compounds, organic 
compounds and eutectic compounds. PCMs can 
also be classified as low temperature PCM, 
medium temperature PCM and high temperature 
PCM, based on their operating temperature. The 
main advantage of inorganic PCMs is their high 
latent heat. But they are generally physically and 
chemically unstable. On the other hand, inorganic 
PCMs are physically and chemically stable. The 
main disadvantage of the organic PCMs is their 
low thermal conductivity. 

One of the PCM applicaitons in buildings is 
free cooling or night ventilation. In a free coolig 
system, low air temperature during the night and 
early morning hours is used to solidify the PCM, 
and during the next day, the inside air of a building 
can be cooled down by exchanging heat with PCM 
[1]. The free cooling concept is appropriate for the 
places where the diurnal temperature variation is at 
least 15oC. [2] 

In free-cooling applications, cooled air 
temperature should be within the range of human 
comfort. Therefore, an appropriate selection of the 
PCM is required. In building applications, PCMs 
with a phase change temperature of 18–30 oC are 

preferred to meet the need for thermal comfort [3]. 
Moreower, the PCM has to solidify at the 
temperature during the night. 

There are a number of studies in the literature 
on free cooling of buildings via a PCM heat 
exchager. An extensive review can be found in 
Refs. [4-6]. In one of the studies on free cooling, 
Darzi et al. [7] performed a numerical investigation 
on a free-coolig system with a plate type PCM 
storage unit. Their resuts show that cooling power 
can be increased significantly by an increase in the 
mass flow rate. They also found that the thickness 
of the plates also plays an important role in the 
thermal performance of the free cooling unit. 
Mosaffa et al. [3] conducted a numerical 
investigation of the performance enhancement of a 
free cooling system using a thermal energy storage 
unit employing multiple PCMs. The results show 
that an optimum coling performance can be 
achieved by a combination of CaCl2�6H2O with 
RT25 with the air channel thickness of 3.2 mm, 
length of 1.3 m and PCM slab thickness of 10 mm. 
Raj and Velraj [2] developed a modular heat 
exchanger a shell and tube type with phase change 
materials in the shell portion of the module and 
passage for the flow of air through the tubes. The 
modules of the modular heat exchanger are stacked 
one over other with air spacers in between each 
module. Their results shw that the air spacer 
provided between the module increases the 
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retention time of the air for better heat transfer, and 
its effect is more at the lower velocities, and it 
diminishes when the frontal velocity is above 1 
m/s. The application of phase change materials in 
free-cooling systems was also studied by Zalba et 
al. [8]. The results show that the effects with 
significant influence in the solidification process 
are the thickness of the PCM, the inlet temperature 
of the air, the air flow, and the interaction 
thickness x temperature. For the melting process 
the inlet air temperature has higher influence than 
the thickness of the PCM. Lazaro et al. [1] 
conducted an experimental study on PCM–air heat 
exchangers for free-cooling applications in 
buildings. Results show that a heat exchanger 
using a PCM with lower thermal conductivity and 
lower total stored energy can be applied for frees 
cooling, when it is adequately designed. Xiang and 
Zhou [9] investigated thermal performance of a 
window-based cooling nit filled by a PCM and 
combined with night ventilation. Their results 
show that cooling unit developed can decrease 
indoor temperature up to 3.3oC within 1 h and can 
maintain the temperature for 2 h during 5 days. 
Jaworski et al. [10] performed numerical and 
experimental studies on thermal characteristics of a 
building integrated PCM unit in a form of a ceiling 
panel. Their results indicate that the proposed unit 
has an ability to effectively control the air 
temperature inside the building.  

As it can be seen from the above literature, 
there is still a need to reveal the effect of different 
PCMs on the free cooling. Therefore, in this study, 
free cooling of a PCM with a relatively higher 
latent heat was investigated numerically and the 
effects of several parameters on the cooling 
performance were revealed. 

2. ANALYSIS 

The geometry and the coordinate system used 
in the study is seen in Figure 1. The geometric 
dimensions of the PCM-heat exchanger are given 
in Table I. The PCM material is inside an 
aluminium container of 1mm thickness. Therefore, 
the thickness of each PCM is 0.8mm. 

There are many PCM options that can be used 
in free cooling systems. Some of them were 
already assumed as a phase change material in 
studies related to the free cooling systems. In this 
study, Rubitherm (RT22HC) was assumed as the 
phase change material as it has relatively high 
valus of latent heat. Thermophysical properties of 
RT2HC are given in Table II. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 . Geometry and the coordinate system. 

Table I 
Geometric dimensions 

l lp w wp wa 
50cm 40cm 11cm 1cm 1cm 

 

Table II 
Thermopysical properties of RT22HC 

Melting temperature 22oC 
Density 760 kg/m3

Specific heat 2 kJ/kgK 
Thermal conductivity 0.2 W/mK 
Latent heat 170 kJ/kg

 
In this study, flow was assumed to be unsteady, 

laminar, incompressible and two-dimensional. In 
this case, governing equations take the following 
form: 

Continuity 
 

0iit u  (1) 
 

Momentum 
puuuu iijjjijit  (2) 

 
Energy 

TkHuH iiiit   (3) 
 

where ui is the velocity,  is the density, μ is the 
dynamic viscosity, p is the pressure, k is the 
thermal conductivity, T is the temperature  and H 
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outlet 
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is the total enthalpy. The enthalpy of PCM can be 
defined as: 

 
HhH  (4) 

 
The latent heat of PCM (�H) varies between 

zero and L. Melt fraction can then be defined as: 
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The latent heat can be expressed as: 
 

LH  (6) 
 
PCM was assumed initially to be in the solid 

state at a constant temperature 2oC below the 
melting temperature. The no-slip condition was 
applied at the walls. The walls of heat exchanger 
are adiabatic. Air enters to the heat exchanger with 
a constant mass flow rate and a constant 
temperature of 30oC. Gauge pressure was assumed 
to be zero at the outlet. 

 

3. RESULTS AND DISCUSSION 

The computational results were obtained by 
Ansys Fluent modelling and simulation software 
for two different values of mass flow rate: 
0.025kg/s and 0.05kg/s. 

The temperature contours and streamlines 
inside the heat exchanger are seen in Figure 2 for 
the mass flow rate of 0.025kg/s. The air thermal 
boundary layers develop along the walls of PCM. 
The developing boundary layers merge at a certain 
distance from the inlet of the gap. The PCM first 
cooles to its condensation temperature. After 
condensation starts, the temperature of PCM 
remains constant for a long period of time due to 
the high latent heat of PCM used in this study. 
Therefore, boundary layer evolves to a fully 
developed regime in this period. The heat transfer 
rate is highest at the inlet of the gab between the 
PCM walls where the thickness of the boundary 
layers is zero, and decreases gradually to the fully 
developed value. In the final stage of cooling, the 
condensation finishes and the temperature of the 
PCM starts to increase in the upper part of the heat 
exchanger where the heat transfer rate is higher 
due to the developing boundary layer. The 

temperature of air between two walls of the PCM 
decreases more from the temperature of air 
between vertical wall of the enclosure and the 
PCM wall. As it can be seen from the Figure 2 
there is a motionless region on upper-right corner 
and lowerleft corner of the heat exchanger as a 
result of higher viscous forces. The fluid velocity 
between the PCM walls changes from zero at the 
surface because of the no-slip condition, to a 
maximum at the center.As it can also be observed 
from Figure that a significant change is not seen in 
the flow field as the cooling process proceeds as 
the change in temperature does not affect the 
forced convective flow considerably. 

The temperature contours and streamlines 
inside the heat exchanger are seen in Figure 3 for 
the mass flow rate of 0.05kg/s. Increase in the air 
flow rate increses heat transfer rate between the 
PCM and air as a result of increase in temperature 
gradient on the PCM walls. Therefore, the PCM 
melting starts earlier and temperatures along the 
heat exchanger and PCM gets higher values. 

The average heat flux rate from the PCM plates 
and air can be calculated from 

 

)( ,

..

aveoip TTCmQ  (7) 
 

where m is the mass flow rate, Cp is the spesific heat. 
The cooling power of the system is calculated 

using Eq. (2). Cooling power calculated using Eq. 
(7) is seen in Figure 4 for different values of mass 
flow rate. As it can be observed in Figure 4 the 
cooling power shows a decrease as the cooling 
time progresses. Cooling power shows a higher 
decrease in the later stage of cooling as a result of 
increase in the temperature of PCM. Although the 
temperature between the inlet and outlet of heat 
exchanger decreases for higher values of mass 
flow rate, cooling power is higher for the high 
mass flow rate. Therefore, a higher mass flow rate 
is more appropriate when a higher cooling power 
is needed. On the other hand, a lower mass flow 
rate is more useful when high temperature 
difference is needed. 

4. CONCLUSION 

Heat transfer and fluid flow in a heat exchanger 
with a plate type storage consisting of a phase 
change material (PCM) was investigated 
numerically in this study. The concluding remarks 
are: Cooling performance is strongly affected by 
mass flow rate. A significant increase is seen in 
cooling power when the mass flow rate is 
increased. Temperature takes higher values when a 
higher mass flow rate is used. 
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Fig.2 . Temperature contours and streamlines inside the heat exchanger for the mass flow rate of 0.025kg/s. 
t=1h t=2h t=3h t=4h t=5h t=6h 
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Fig.3 . Temperature contours and streamlines inside the heat exchanger for the mass flow rate of 0.05kg/s. 
 

 

 
 

 
Fig.4 . Cooling power for different values of mass flow rate. 
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