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ABSTRACT    

 Passive solar systems such as solar chimneys need solar radiation in 
order to work. Therefore, they cannot present stable natural 
ventilation when solar energy vanishes: to have a more robust and 
stable condition, solar energy should be stored during the day and 
released back during the night. Phase change materials can save 
additional thermal energy during the day and release it during the 
night in order to facilitate stable ventilation. In this study, a CFD 
simulation has been performed to investigate the effect of phase-
change materials (PCM) utilization in the solar chimney to provide a 
stable temperature and air flow rate for a guardroom. The simulation 
was carried out for a whole day in winter in two cases: with and 
without PCM usage. The results show that use of PCM as an energy 
storage device significantly enhances the temperature stability of the 
guardroom. 
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1. Introduction 

One of the major energy consuming sectors is 
buildings. According to the reports of the 
Department of Energy (DOE) of the United 
States, in most developed countries, buildings 
consume about 40% of the total energy used 
in that country. Therefore, any reduction in 
energy consumption in this sector decreases 
the total consumed energy. Normally, the 
energy used for heating and cooling comes 
from electricity, which is produced in power 
plants, most of which use fossil fuels. 
Consuming fossil fuels for power generation 
has two major drawbacks: firstly, the 
amounts of fossil fuels are limited and are 
going to finish in the near future, and 
secondly, they lead to environmental 
pollution.   Therefore,   there   is   a   need   to  
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 explore new alternative strategies and 
solutions to reduce human dependency on 
fossil fuels to provide amenities in buildings 
in upcoming years [1]. 

The heating and cooling process in 
buildings can be categorized into active and 
passive systems. Active systems consume 
more energy than passive ones because they 
use energy to derive their mechanical 
components, such as electrical motors or 
pumps. Moreover, in active systems, the use 
of complicated control systems, high-tech 
components and automatic dampers is 
unavoidable, and these are also energy-
consuming components. This means that 
active systems depend indirectly on fossil 
fuels. On the other hand, passive methods 
work quietly without energy consumption. 
They therefore do not need fossil fuels either 
directly or indirectly, and they can decrease 
the heating and cooling sector of energy 
consuming buildings. 
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Passive solar technologies can be placed 
into two categories: 1) passive solar heating 
and natural ventilation via a buoyancy effect; 
and 2) passive solar cooling via an 
evaporative effect. The well-known 
technologies that operate through a buoyancy 
effect for heating are the Trombe wall, solar 
chimney, unglazed transpired solar facade 
and solar roof [2]. Among these passive 
heating systems, solar chimneysare suitable 
systems for good heating and natural 
ventilation for buildings. A solar chimney is 
an inclined or vertical channel that, which 
absorbs solar radiation and traps its thermal 
energy. The temperature of the chimney 
absorber increases and heats the air in the 
channel. By increasing the air temperature, 
its density decreases and so it rises. The 
difference of the air density between the inlet 
and outlet causes natural convection. Thus 
the air with lower temperature enters the 
channel, becomes warmer, and exits. Solar 
chimneys have different configurations that 
can be classified into two groups: solar wall 
collector and solar roof collector [3, 4]. 

Due to the importance of solar chimneys, 
they have been studied in recent years. Gan 
[5] applied a glazed solar chimney for heat 
recovery in a naturally-ventilated building to 
investigate its effect on efficiency. This 
study concluded that installing heat pipes in 
the channel reduces the buoyancy effect, and 
for obtaining the air flow rate needed, it must 
be made of wind forces. Rodrigues et al. [6] 
developed a model by using the fully 
averaged equations of motion and energy, 
along with a k-ε turbulence model, to show 
turbulent natural convection in a vertical 
channel, where its wall heats 
asymmetrically. The results present 
temperature and velocity profiles at the exit 
part of the duct, which could be beneficial 
for the design of the system. 

As solar radiation is not constant during a 
day, the passive solar ventilation is unstable. 
In order to have a reliable and stable 
ventilation system, it is necessary to 
conserve extra energy in the presence of the 
sun and release it in its absence. Energy 
storage devices make this feasible; in fact, 
these devices are a strategy for correcting the 
discrepancy between the demand and supply 
of energy. They improve the performance 
and reliability of solar energy systems. There 
are some different energy storage methods: 
mechanical, electrical, thermal and 
thermochemical. Thermal energy storage 
happens as a change  in  the  internal  energy 

 of materials as sensible or latent heat, or as a 
combination of both. As latent heat provides 
constant temperature storage, it attracted 
much attention during the late 1970s and early 
1980s. Research on latent heat storage 
continues, and it has been considered in waste 
heat recovery, building energy conservation 
and air conditioning applications. The 
example of the latent heat storage materials 
are phase change materials (PCM). In PCM, 
storage occurs through their change of state 
from solid to liquid, or liquid to solid. They 
store 5-14 times more heat per volume than 
sensible heat materials such as water or rock 
[7]. Therefore, it is practical to utilize PCM in 
order for them to conserve extra energy and 
use it at time of thermal energy shortage in 
passive solar systems. 

Liu et al. [8] investigated the thermal 
performance of a solar chimney with PCM 
heat storage. The experiment was performed 
with three heat fluxes of 500, 600 and 700 
Wm

-2
. The results exhibited that the 

fluctuations of the absorber surface 
temperature were the same during the phase 
change transition period for the three cases. 
The flow rate and average temperature of the 
air changed by absorber surface temperature 
variations. The maximum flow rate occurred 
in the case of 700 Wm

-2
 and the maximum 

average temperature of the air was 
demonstrated by 500 Wm

-2
. The investigation 

concluded that at the early ventilation period, 
the maximum thermal efficiency was around 
80% for three heat fluxes. 

As is evident, many investigations have 
been performed to show the effect of passive 
solar methods for natural ventilation. 
Substantial numbers of them have studied the 
solar chimney. Amongst them, the PCM-
based solar chimney [8] has also been 
considered to solve some of the problems of 
the solar chimney. Investigations on a 
combination of the PCM and solar chimney 
for natural ventilation have been carried out to 
exhibit the effect of PCM on solar chimney 
performance. In previous studies, the PCM-
based solar chimneys were considered alone 
and were not connected to a specific heating 
area. This paper presents an integration of the 
PCM-based solar chimney with a guardroom. 
The objective of the present work is to find 
the effect of the application of the PCM in the 
solar chimney to provide a stable temperature 
and air flow rate during day and night for the 
guardroom. To achieve this, a guardroom of 
specific dimensions is equipped  with  a  solar  
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chimney. Then the temperature of the room 
is calculated using a transient finite volume 
method considering the effect of natural 
ventilation. The simulation is carried out on 
a selected day in December with and without 
the use of PCM. Finally the results of the 
two different methods are compared. All the 
calculations are carried out with ANSYS 
Fluent software. The solar radiation is 
obtained by solving an equation and 
introduced to the software with a special 
user-defined function (UDF). 
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2.System Modelling and Mathematical 

Formulation 
 

A guardroom in Tehran, Iran, was considered 
in this paper. The PCM-based solar chimney 
was integrated on the south side of the room 
as shown in Fig.1. The guardroom height and 
length was 2.5 m and 4 m, respectively. The 
top surface of the guardroom, the outer 
surface of the air channel (solar chimney), the 
outer surface of collector glass cover, and the 
collector absorber boundary conditions of the 
solution domain were a mix of solar radiation 
and convection. The outer surface of the 
walls, the outer surface of the air channel, 
which was on the side of the wall, and the 
bottom surface and edge of the collector 
boundary, had convection conditions. The 
bottom surface of the guardroom and the solar 
chimney boundary conditions were insulated. 
Some UDFs in ANSYS Fluent were used to 
compute the solar radiation, the heat absorbed 
by absorber, and the heat transfer by the outer 
surfaces via convection. 

The roof consisted of three layers from top 
to bottom: tar-layer, brick, and stucco. The 
inner and outer surfaces of the walls were 
stucco and brick, respectively. The bottom of 
the collector consisted of three insulation 
layers:  from   outside   to   inside  these  were 
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Fig. 1. The schematic of the integration of the PCM based solar chimney and the guard room 

 
plywood, glass wool, and polystyrene. Other 
collector modules were a glass cover 
(transmissivity value of 0.9), an aluminium 
(Al) absorber (absorptivity value of 0.94), 
and a PCM layer of 25 cm thickness (sodium 
sulphate decahydrate Na2SO4.10H2O; melting 
point 307 K, freezing point 303 K, and latent 
heat fusion 126 kJ kg-1) for latent heat 
storage. 

The PCM were placed in small rectangular 
packages behind the Al plate. In these 
packages, the PCM were not able to move 
along the collector after melting. Hence, 
PCM velocity after fusion was low and did 
not have a substantial impact on heat 
transfer. The fluid’s movement was therefore 
ignored. 

For simulation of the proposed design, 
special attention should be paid to the 
physical phenomena involved. More 
specifically, natural convection and phase 
changes are the most important phenomena 
in the present study. Although solar radiation 
is the core of passive heating systems, for 
simulation it renders itself only into 
boundary conditions. It should be noted that 
when PCM are being melted, it flows into its 
own designated space. The velocity 
magnitude of the melted PCM is about 10-5 
ms-1, which is almost zero, but the simulation 
shows that even that amount of movement 
may result in numerical instability. Since the 
induced velocity does not contribute to the 
heat transfer mechanism, which is the 
concept of the present study, it was assumed 
that PCM are  confined  in  a  porous  matrix, 
which renders the movement of the melted 
PCM. This is simply a numerical technique 
for rendering the velocity of PCM, and it 
improves the stability of the solver. 

According to the abovementioned physical 
phenomena, the governing equations should 

 be written in a form that can predict the 
natural convection, phase change and porous 
media as follows: 
 

1. Conservation of mass or continuity 
equation: 

 

 

 
(1) 

where ρ is the density of fluid and   is the 
velocity vector. 
 

2.Conservation of momentum 
 

For the present study, conservation of 
momentum takes the form[9]: 

 

 

 

 

 

 

 

(2) 

where LF, µ, Amush and ε are, liquid fraction, 
dynamical viscosity, mushy zone constant 
(104~107), and small number (0.001) to 
prevent division by zero, respectively. Shear 
rates and heat generation were neglected. 
The liquid fraction, LF can be defined as: 
 

 

 (3) 
The mentioned momentum equation 

consists of PCM melting phenomena by 

having the   term    which   is  
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eliminated for all materials except PCM in 
simulation because the liquid fraction was 
considered 1, as the solid and liquid 
temperatures were equal to, zero as per the 
ANSYS Fluent 14.5 settings. 

Due to the small variation in temperature, 
Boussinesq approximation was used to 
consider natural convection. In this approach, 
density is constant in all equations except for 
the buoyancy force term in the momentum 
equation which varies with temperature as 
follows: 

 
(4) 

In this equation ρref  and Tref  are the 
reference density and temperature 
respectively, and β0 is the thermal expansion 
coefficient. 

As mentioned and according to the low 
velocity of melted PCMs, PCM zones were 
considered as porous media with high 
viscosity and inertial loss terms. Porous media 
are modelled by the addition of a momentum 
source term to the standard fluid flow 
equations: 

 
 

(5) 

where Si is the source term for the i
th
 (x, y, or 

z) momentum equation, is the magnitude 
of the velocity and α, and C1 are the 
permeability and the inertial resistance factor 
respectively. It should be reemphasized that 

Si  is applied only in PCM zones. 
 
3.Energy conservation 

 
The balance of energy in the system takes the 
form: 
 

 

 
(6) 

where H is the total enthalpy of the material. 
For the present application where a phase 
change occurs, the total enthalpy consists of 
both the sensible  enthalpy, h,  and  the  latent 
heat, ΔH; In other words we can write: 

 (7) 

With this assumption, the energy equation 
covers all the involved thermal and heat 
transfer phenomena including phase change. 
Thus the equation is applicable to all the 
zones in the simulation. In phase change 
phenomena for PCM, the latent heat, ΔH, can 
be written in terms of the latent heat of the 
material, L in J as follows: 

  (8) 

where LF is the liquid fraction. So the latent 
heat can vary between zero (for a solid) and 
L (for a liquid). The sensible heat h also can 
be also obtained as follows: 

 
(9) 

where m is the PCM mass Kg, Cp  is Specific 

heat of capacity, Jkg
-1

K
-1 , and T1, T2 are the 

initial and final temperatures, respectively. 
 
4.Simulation of solar radiation 

 
For calculation of hourly radiation, some 
angles needed to be defined which are shown 
in Fig.2. The incidence angle, θ, the angle 
between the beam radiation on a tilted 
surface and the normal vector of that surface, 
is obtained from the equation [20]: 

 

 

 

 

 

 

 

 

 

(10) 

The zenith angle θz the angle between the 
vertical line and the line to the sun is 
obtained from: 

 

 

 

(11) 

In these equations, β is the angle between the 
plane of the tilted surface and the horizontal 
surface, φ is the latitude of the location and 
ω is the hour angle. The angular 
displacement of the sun from east or west due 
to rotation of the earth around its axis is 15

o
 

per hour; therefore hour, angle, and local 
time are related to each other by the 
following equation: 

 (12) 

The surface azimuth angle,  is the deviation 
of projected normal vector on the horizontal 
plane  from   the   local   meridian,  with  zero 
direction. The declination angle, δ , is the 
angular location north or south of the equator, 
as follows: 

 

 

 
(13) 

where n is the day number starting from 
January 1st. 

To estimate the solar radiation received  by 
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Fig. 2. Defined angles of solar radiation on a tilted surface [10]. 
 

the absorber surface- the roof surface and the 
outer surface of the solar chimney sloped 
surfaces- the isotropic diffuse mode can be 
used, which assumes a solar radiation 
consisting of three components: beam, 
isotropic diffuse, and solar radiation diffusely 
reflected from the ground. Diffusive radiation 
strongly depends on the clearness index of the 
atmosphere. Clearness index is a fraction of 
solar irradiation, which travels through the 
atmosphere and reaches the Earth’s surface. 
This index is a function of atmospheric 
parameter, which can be written as: 
 

 (14) 

where T is atmospheric temperature, R is the 
percentage of relative humidity, P is 
precipitation and S is the fraction of sunshine 
hours. Obtaining this factor is crucial for any 
solar simulation and strongly varies from 
location to location. For the city of Tehran, 
Vehedi et al. [11] proposed the following 
relation: 
 

 (15) 

Note that in this equation, T is expressed in 

degrees Celsius. Having KT, the solar beam 
radiation at the panel surface, I, can be easily 
estimated as: 

 (16) 

where I0, the solar irradiation at the 
atmosphere edge, is defined as follows: 

  

 
 

 
 

 
 
 
 
 

(17) 
 
 

in which Gsc is the solar constant, assumed to 
be equal to 1367 Wm

-2
. 

There are some correlations that try to 
relate the diffusive flux to solar beam 
radiation and clearness index. For example 
[10]: 
 

 
 (18) 

where Id is the diffusive flux, KT is the 
clearness index related to geographic-
atmospheric parameters [11]. 

It is necessary to define a factor Rb to 
determine the ratio of total radiation on the 
tilted surface to that on the horizontal surface, 
which is obtained as follows: 

 

 

 
 

(19) 

Therefore, the hourly solar radiation IT is 
obtained as the sum of three terms from the 
follow equation: 
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(20) 

where Iρg  is the reflected radiation from the 
surroundings of the surface. 
 
3.Simulation 
 

The geometry shown in Fig. 1 was modelled 
with Gambit software and, as shown in Fig. 3, 
a structured mesh was generated for 
simulation. Different mesh sizes were used in 
order to make the solution mesh independent, 
as presented in Fig.4. The average room 
temperature and the Al-plate temperature at 
noon are shown in Table 1. The table shows 
that a numerical simulation using 81,965 
computational cells is sufficient to achieve a 
mesh-independent solution. In this figure, the 
solar panel is shown with more detail. A 
portion of the panel is also magnified to show 
the details of the generated mesh where the 
PCM packs are located. As can be seen, each 
PCM pack is separated from the others; hence 
melted PCM are not able to flow along the 
solar panel. 

As the PCM zone was considered as a 
porous media with high viscous resistance, 
there would be no substantial velocity after 
simulation. In other words, in this method, 
natural convection was ignored and heat 
transfer in PCM was only via conduction. 
Viscous resistance was considered at 1

10
 and 

porous formulation was set to superficial 
velocity. Moreover, the UDF code was 
prepared in C language for parallel computing 
using a message passing interface (MPI) in 
ANSYS Fluent to speed up the calculations. 

Regarding the initial conditions, the 
temperature was set to 275 K, and the 
magnitudes of both  X  and  Y  velocity  vector  

 were set to 0.0001ms
-1
. All initial conditions 

were constant for all cases. To eliminate the 
effect of initial conditions, as discussed 
before, the calculation was performed for four 
actual days. Thus, in order to have accurate, 
trust worthy results, the contours of the fifth 
day of simulation were analysed. 

The ANSYS Fluent CFD code employs the 
finite volume method. The first-order implicit 
scheme was used for transient formulation. 
The PRESTO, the second order upwind 
method was utilized for the discretization of 
pressure, momentum, and energy, 
respectively. The well-known SIMPLE 
algorithm was specified for pressure-velocity 
coupling. 
 
4.Results and discussion 
 
To investigate  the  effect  of  PCM  usage  in 
passive solar heating systems, the guardroom 
discussed above has been simulated with and 
without PCM packs on a selected day in 
winter (specifically December 5th) when the 
ambient temperature reaches about five 
degrees Celsius and the solar radiation is 
almost at a minimum during the year. 
Therefore, the selected day can predict the 
worst case for the guardroom. 

The simulation was carried out for 24 hours 
a day; however, since the heat transfer is a 
transient phenomenon, which depends on 
initial conditions of the room, imposing a 
proper initial condition for the simulation is 
crucial. To obtain a proper initial condition, 
we start from a uniform temperature for the 
whole system assembly and solve the 
transient governing equations for five 
successive days. Since energy equation (Eq. 
6) has a parabolic nature, the solution 
modifies itself as the simulation time passes. 
Hence, after four days of simulation, a proper 
initial condition is obtained for simulation of 
the 5th day. For both cases, namely without 
and with PCM packs, the same procedure has 
been taken into account. 

 

 
Table 1. Mesh size effect on average room temperature and Al-plate temperature at noon 

Mesh Size Al Plate Temp. Average Room Temp. 

343332 120 16 
81965 120 17 
25287 117 14 
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Fig. 3. Two-dimensional mesh (medium size) of the integration of the PCM based solar chimney with the guard room 

 
Fig. 4. Two-dimensional meshes in three different sizes  
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Figure 5 shows the solar radiation and 
ambient temperature during December 5th in 
Tehran. As we can see, and as expected, the 
solar radiation reaches its maximum level at 
around 12:00 PM, when the ambient 
temperature also reaches its maximum 
(around 12 degrees Celsius). Solar radiation 
can be captured by a solar thermal panel 
during the day to deliver the necessary 
thermal load to obtain a desired condition. 
However, during the night when the solar 
radiation disappears, the ambient temperature 
falls  down   to   approximately   five  degrees 

 Celsius. During this period of time, we 
cannot deliver the required heat load to the 
guardroom. Therefore, the temperature of the 
room falls below the design temperature. 

Figure 6 presents a contour plot for 
guardroom temperature at 2:00 PM with no 
PCM packs installed in the solar panel. It is 
clear that the temperature of the room 
reaches around 19 degrees Celsius while the 
outside temperature is only 11 degrees 
Celsius. The temperature difference is due to 
the installation of a solar thermal panel and 
the designed solar chimney for air 
circulation.  

 

 
Fig. 5. Solar radiation and ambient temperature on December 5th in Tehran 

 

 
Fig.6. Contour plot for guardroom temperature at 2:00 PM without PCM 
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Figure 7 shows the vector plot at the same 
time inside the guardroom together with 
panel assembly. From the figure it is clear 
that the designed panel assembly (the solar 
panel and the solar chimney) induces natural 
convection inside the room. The highest 
speed of air circulation occurs at the solar 
panel area where the maximum temperature 
difference exists. The highest air velocity is 
about 2.52   10

-2 ms-1
, which is not too much to 

disturb comfortable conditions; however, this 
velocity level plays an important role in heat 
transfer from the solar panel to the heating   
space.          Natural           circulation          or  

 convection causes the absorbed heat inside 
the solar panel be transferred to the 
guardroom. 

Figure 8 shows the temperature contours in 
the room at 3:00 AM. As can be seen, 
although the guardroom is equipped with a 
solar panel, its temperature drops to around 
five degrees Celsius during the middle of the 
night. In other words, during the night the 
room temperature becomes equal to the 
ambient temperature, which is not desirable. 
This shows that a single solar panel, as 
discussed above, is unable to maintain the 
temperature of the room in the specified.  

 

 
Fig. 7. Vector plot for guardrooms at 2:00 PM without PCM 

 
 

 
 

Fig. 8. Contour plot for guardroom’s temperature at 3:00 AM without PCM 
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Until now, it has been shown that for good 
air conditioning, thermal solar heat should be 
stored in a storage device for space heating 
when there is no solar radiation. As discussed 
before, a good choice is to store thermal heat 
in PCM. To demonstrate the effect of energy 
storage on passive space heating, the same 
room is simulated once again, but at this time 
packets of PCM are placed inside the solar 
panel and the chimney walls. The rest of the 
figures deal with the results obtained from 
the simulation of the PCM-equipped panel. 

Figure 9 shows the contours of a PCM 
liquid fraction at 3:00 AM and 1:00 PM. The 
blue colour means that the liquid fraction is 
zero, or, in other words, PCM are not melted 
yet and are in the solid state. The red colour, 
on the other hand, means that the liquid 
fraction is equal to one. This means that the 
PCM are melted and are in the liquid state. It 
should be noted that the colour inside the 
solar panel (the area above the PCM packets) 
is also shown as red, meaning that there is no 
solid material, or, in other words, this area is 
filled with a fluid air (not be confused with 
melted PCM).  

As mentioned earlier in this paper, to 
obtain accurate initial conditions for 
simulation, we started from a uniform 
temperature at t=0 and marched in time for 
five days. What we see in Fig. 9 is the result 
of   simulation   on   the  fifth  day.   What   is 

 important here is the fact that the results 
shown in this figure are cyclic. This means 
that during the day, when solar energy enters 
the panel, it becomes warm and the PCM 
start melting. At 1:00 PM, as shown in the 
figure, all the PCM are melted. On the other 
hand, during the night, PCM release back the 
stored thermal energy and become solid 
again. For example at 3:00 AM, as we can 
see in figure, almost all the melted materials 
became solid again.  

The process discussed above results in a 
uniform room temperature even in the 
absence of the sun. To check its performance, 
the temperature contours at 2:00 PM and 
3:00 AM are shown if Figs. 10 and 11, 
respectively (these figures should be 
compared with Fig. 6 and 8). As we can see, 
with the usage of PCM, room temperature 
reaches around 15 degrees Celsius, which is 
less than the results obtained before 
(comparing Fig. 10 and 6). This means that 
the usage of PCM causes the peak of the 
room temperature to drop, because PCM 
absorb a portion of thermal energy gained by 
the solar panel to melt the PCM. However, at 
at 3:00 AM the room temperature becomes 
12 degrees Celsius, which is much higher 
than earlier. This means that the PCM were 
able to sustain the room’s temperature for a 
whole day. This is, in fact, the main purpose 
of the incorporation of the PCM into passive 
solar heating. 

 

 
a) At 3:00 AM                                                b) At 1:00 PM 

Fig. 9. Contours of liquid fraction for PCM procedure (from a to b) 
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Fig. 10. Contour plot for guardroom temperature at 2:00 PM with PCM 

 

 

Fig. 11. Contour plot for guardroom temperature at 3:00 AM with PCM 
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To gain a better understanding of the 
whole simulation, the average temperature of 
the room for a whole day is plotted in Fig. 
12, both with and without PCM. As is clearly 
seen in the figure, the usage of PCM results 
in a more uniform temperature during the 
day. On the other hand, PCM cause the peak 
temperature to decrease because they 
consume a part of the acquired solar energy. 

From studying Fig.12, we notice that the 
variation in temperature across the 24 hours 
of the day is much higher when we do not 
use PCM in the solar collector. This fact 
reveals another drawback of this design, 
which is that thermal stress, is imposed on 
the solar panel. To develop a clearer 
understanding, Fig.13 shows the variation of 
the temperature of the solar panel body, 
which is made of aluminium. It is clear that 
the body material experiences a very high 
temperature gradient during the day, when 
there are no PCM inside the panel. More 
specifically, the base temperature reaches 
about 120 degrees Celsius during the peak 
solar radiation and about five degrees Celsius 
at night. However, PCM cause the base 
temperature to experience a much lower 
gradient. As can be seen in the figure, the 
temperatures of the panels equipped with 
PCM rarely exceed 70 degrees Celsius and 
do not reach lower than  ten degrees  Celsius.  

 This fact is crucial for industrial sectors, 
where reliability is very important. 
 
5.Conclusions 

 
In the present work, the effect of the 
combination of solar thermal energy storage 
with solar passive heating was studied 
numerically. For energy storage, phase-
changed materials were incorporated because 
the heat capacity is much greater during 
phase change. This enables one to design 
more compact energy storage for any 
purpose.  

To show the effect of the PCM in solar 
passive cooling, a guardroom, which was 
equipped with a solar panel and chimney for 
air circulation and heating, was used. The 
integrated geometry was numerically 
analysed in two different cases; namely with 
and without the use of PCM. The results 
showed that by using PCM as a thermal 
energy storage system, the temperature of the 
guardroom can be maintained at an almost 
uniform levels for a whole day, while without 
the use of PCM, room temperature varies 
during day and night. Moreover, PCM cause 
the temperature of the solar panel to become 
more uniform and also reduce its peak 
temperature dramatically. This results into a 
more reliable system. 
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Fig. 12. Variation of average room temperature for a whole day 
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Fig. 13. Comparison of Al plate temperature between two different cases, the PCM-based solar chimney and 
without PCM 
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