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1. INTRODUCTION

In very hot summer climates, ventilation and air conditioning are essential, but for environmental reasons and lack
of Electrical energy, it is better to find alternatives such as natural ventilation by solar chimney. In general,
ventilation is the process of exchanging air between indoor and outdoor environments to loosen and remove indoor
air containment. Moreover, ventilation is a useful solution for achieving thermal comfort conditions and is divided
into two types: mechanical (forced) and natural ventilation. Mechanical ventilation requires the generated electrical
energy (EE), while natural ventilation depends on wind and thermal buoyancy as the driving force. The thermal
buoyancy effect can be produced by using the solar chimney, which is an air channel containing holes for air to


mailto:tukaj301@uowasit.edu.iq
https://ejuow.uowasit.edu.iq/
https://ejuow.uowasit.edu.iq/
https://ejuow.uowasit.edu.iq/
https://ejuow.uowasit.edu.iq/

Tuga Abduljabbar et al

enter and depart. The air in this channel is heated by solar radiation, causing hot air to rise as a result of a reduction
in its density and to exit from the chimney's top exit hole, which causes air to withdraw from the air intake holes.
Building ventilation and power generation utilize this technology. However, the solar chimney works during
sunlight times and stops working after sunset, so adding Energy Storage ES is necessary to elongate the period of
ventilation. ES is used in SCs to store part of solar thermal energy during sunlight times to make use of it after
sunset. ES can be classified in to three categories: electrical, mechanical, and thermal. In SCs application, the
thermal ES is used which is also classified in to Sensible heat energy storage SHS and Latent heat energy storage
LHS. LHS is mainly appealing own to its capacity to provide a high ES density and for heat storing at a constant
temperature equivalent to the phase transition temperature of phase change materials (PCM). It is possible to switch
between solid phase, liquid solid, solid gas, liquid gas, and vice versa. Numerous scientific studies have been done
in this area in an effort to enhance the performance of the solar chimney and discover the best design that meets the
comfort requirements inside the buildings, including those that addressed the design of the chimney in terms of
dimensions and angles of inclination and those including what added additional parts like energy storage or passive
cooling systems. Saleem et al. [1] numerically studied several dimensions of SC under real climatic operation
conditions of Alexandria, Egypt in summer for the days (1st to 7th of August). Findings revealed the best design of
the SC was 1.4 m, 0.6 m, and 0.10 m in length, width, and air gap, respectively along with 45° inclination angle. Shi
et al. [2] studied the effects of various factors on the performance of SCs in buildings. According to the findings, the
best SC design includes a height/gap ratio of around 10, equal outlet and inlet, a gap of cavity (0.2-0.3) m, an angle
of inclination 45-60° (for roof SC including latitude), double/triple glazing, a suitable opening of the room, an
insulation wall of 5 cm in thickness, and a higher emissivity and absorptivity solar absorber. Jubear and Ghareer [3]
simulated several models of the SCs by ANSYS fluent, for enhancing the natural room ventilation in (Al-Kut/Iraq)
during the hot summer climate. The study showed that the optimum thermal performance was verified by these
conditions: [45° inclination angle, the south orientation in case of one SC, and in case of two SCs (one on the south
and the other on the west)]. Hashim et al. [4] conducted a numerical analysis to improve natural ventilation in
different SC models inside a room based on the notions of the traditional chimney model. When compared to a
traditional chimney model, they found that, the vertical extended and inclined chimneys enhanced rate of ventilation
by 13% and 7.5 %, respectively. Mohammed et. al. (2020) [5] statistically explored the natural ventilation in two-
story buildings using a vertical two-story SC passive system by using ANSYS fluent. The results showed that the
long vertical SC might provide the optimum NV while also causing a visible rise in inside temperatures. Herouane
et al. [6] made a numerical simulation by ANSYS fluent for a rooftop solar chimney associated with a 3 m height
square room. Three side lengths were involved 3, 4, and 5 m. Results showed that the optimum air velocity, air flow,
and kinetic energy were 2.88 m/s, 180 m®/hrs., and 5.15 m?/s?, respectively. These values was achieved when the
side length was 4 m. Kaneko et al. [7] investigated the possibility of elongation of natural ventilation during evening
and night time by using PCM within the SC. The simulated results showed a stable flow rate all day while the
measured flow rate was changing every time at night. The prototype SC provides an airflow rate of 100 to 400 m¥h.
Safari and Torabi (2014) [8] conducted a numerical study to improve the thermal performance of a PCM-based SC
integrated into a guardroom for a passive solar heating system. Findings indicated that the utilization of PCM in SC
kept the temperature levels almost uniform in the guard room for the whole day, while without PCM the temperature
varies both day and night time. Bin et. al. [9] studied experimentally the influence of the location of PCM
(NazC0s.10H,0) on the SC in a hybrid wall. It was concluded that for effective energy storage PCM should not
expose to direct radiation. Salari et al. [10] conducted a numerical study on the inclined rooftop SC performance
with phase change material and a photovoltaic module called (SC-PV-PCM) system. It was concluded that for
residential buildings the best choice was the SC-PV-PCM system, on the other hand, for office building SC-PV was
the best option. Long et. al. [11] investigated the effects of integrating the solar chimney with PCM and EAHE,
numerically. They found that the temperature of chamber associated with the SC was varied from (25.1-28.4) °C in
case of with PCM and the temperature varied from (25.1-29.2) °C in case of no PCM. As for the current study, its
conducted under the climatic conditions of Al-kut city, that is located in the middle east of Iragq at longitude
(E°45.78) and latitude (N°32.54). The city's climate is considered extreme, as it is cold and humid in winter and hot
and dry in summer.

2. AIM OF THE STUDY

The main aim of this work is to enhance the efficiency of a solar chimney by adding phase change material as ES to
elongate the natural ventilation process after sundown in a two-story building.
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3. CFD MODELLING ANALYSIS

The computational fluid dynamic consisted of several steps, beginning with the designing the geometry, generating
the mesh, and determining the governing equations and the assumptions of the boundary conditions. In this section,
two models were simulated. The 15t model was a simulation for the solar chimney and two-story building only.
Whereas the 2" model was adding the energy storage to the 1% model. The study consisted of a comparison of the
ventilation performance by the solar chimney in the two models.

3.1 Geometrical design

The first model consisted of the two-story building that was made of wood. Each room was (1x1x1) m3. The
thickness of the walls was (8) mm. The building consisted of one inlet opening and one outlet opening for each
room. The dimension of the inlet opening was (0.3x0.3) m? through which the air is exchanged between the outdoor
and room inside, while the outlet opening dimension was (1x0.3) m? through which the air is exchanged between
the room and SC. The building was connected with a vertical SC from the south direction. The SC is (3) m long, (1)
m width, and (0.3) m air gap. The glass facade is (4) mm in thickness. The absorber wall that collects and reflects
the solar radiation is of (1) mm thickness of Aluminum plate. The thickness of the glass wool that thermally isolated
the building from the chimney was (50) mm. The roof of the building is insulated by (25) mm insulation layer. The
thermal properties of the materials are illustrated in the table 1, while Figure 1 shows the building and SC.

Table 1 The thermal properties of the materials [12]
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Glass 4 2220 0.83 1.15 0.06 0.95 0.84
Aluminum 1 2700 0.9 273 0.95 0.95 0
Wood 8 400 1.8 0.06 0.5 0.5 0
Insulator 50&25 52 0.657 0.038 0.4 0.4 0
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Figure 1 The two-story building and solar chimney

Regarding the 2" model, three types of wax were used as ES in the SC namely: Al-dura , RT-42, and block-shaped
paraffin wax. The thermo-physical properties of the three types of wax are illustrated in the table 2. The wax was
placed between the absorber wall and the insolation layer on the first floor. The dimensions of the wax container
were (0.7 m in length x 1 m in width). The specific heat was assumed to be 2000 J/kg.k, while the heat of fusion
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was assumed equal to 250 KJ/kg for all wax types as per the previous studies (except for RT-42 when the specific
heat and heat of fusion are 2400 J/kg. k and 174000 J/kg, respectively). The thickness of wax layer was (4) cm.

Table 2 The thermo-physical properties of the wax

. . Thermal conductivity Viscosity Liquidus
3
Phase change material Density (kg/m?3) (W/m.K) (kg/m.s) temperature (K)
Al-Dura paraffin wax 785.2 0.3285 0.01 325.5
Block-shaped paraffin wax 800.516 0.257 0.016 329.5
RT-42 paraffin wax [13] 760 0.2 0.01 316

3.2 Mesh generation

The optimum mesh was chosen depending on the mesh independence study conducted on the 1%t model (two story
building with the SC), where the value tested was the ACH on the 1% and 2" floor at 12 p.m. Figure 2 shows that the
optimum number of cells was in the range of (1500000,1900000, and 2500000), when the ACH were (9.2, 9.5, and
9.7, respectively) for the 1%t floor, whereas ACH were (8.5, 9, and 9.2, respectively) for the 2" floor. The value
chosen was (1900000) because the difference in results was minor, in addition to the fact that using a small number
of cells would speed up the solution. The values of mesh metrics and the number of cells is illustrated in the table 3.
Figure 3 shows the type of mesh used in simulation was hexagonal mesh.

10{ —=— ACH in 1st floor
—e— ACH in 2nd floor

ACH
(=2}

0 500000 1000000 1500000 2000000 2500000
No. of cells

Figure 2 Mesh independence study Figure 3 Mesh of two-story buildin and SC

Table 3 Optimum mesh properties

Max. Aspect ratio Max. Skewness Orthogonality No. of Cells
5.0882 1.3177e-010 0.985 1900000

3.3 Governing equations

The flow of air in the solar chimney is caused by natural convection due to solar radiation. The governing equations
used in the simulation consist of the Reynolds Averaged Navier — Stokes (RANS) equations along with continuity,
energy, turbulence, and radiation transfer equation [14] and [15]. These are as follows:

3.3.1 Conservation of Mass (the continuity equation)

For transient and three dimensions of the incompressible flow, The equation for conservation of mass, or continuity
equation, can be written as follows[14]:
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L4V (pP) =0 (1)
3.3.2 Momentum Equations (Conservation of Momentum)

In physics, the Navier—Stokes equations are certain partial differential equations that describe the motion of viscous
fluid substances, The Navier-Stokes equations mathematically express the conservation of momentum and
conservation of mass for Newtonian fluids. Conservation of momentum in an inertial (non-accelerating) reference
frame is described by[15]:

7] - - = = -
(PP + V- (pvv) = =Vp+ V- (T) +pg (2)
Where p is the static pressure, T is the stress tensor described below:-
%zu[(vﬁ+vﬁT) —gv-al] (3)

Where p is the molecular viscosity, | is the unit tensor, and the second term on the right hand side is the effect of
volume dilation.
While pg is the Boussinesq assumption that used for the change in the density of Air as follows:

pg =~ po(1 =BT —T,))g (4)
Where:

po: The reference density of air (kg/m?3)
B: The thermal expansion coefficient of air (1/K)
T,: The ambient temperature (K)

3.3.3 Energy Equation

ANSYS FLUENT solves the energy equation in the following form [15]:

ad - =4 = -
2 (pE) + V- (5(0E +p)) = V- (kettVT — 3 hyf; + (Regr - D)) + Sy (5)
Where ke is the effective conductivity (k+kt, where kt is the turbulent thermal conductivity, defined according to

the turbulence model being used), andfj is the diffusion flux of species j. the first three terms on the right-hand side

of Equation (5) represent energy transfer due to conduction, species diffusion, and viscous dissipation, respectively.
Sh includes the heat of chemical reaction, and any other volumetric heat sources.

3.3.4 K-epsilon Turbulence equations

The K-Epsilon model was used to simulate turbulent air flow. This model uses the equations below to represent the
airflow process[15].

pv- (vk)=v- [(u+g—£)Vk]+Gk+Gb—ps (6)

a a 2
pV - (ve) = o | (1 +29) 22| + Cuo £ i+ Cae) = Caen s )

3.3.5 Modeling Radiation

The following equation [15] illustrates how the radiation transfer equation (RTE) is used to describe the solar
radiation behavior according to absorb, dissipate, and emit, the director r towards the director s.

- 0 ad 2
pv-(ve) =5 (e +22) o] + G (G + Cacip) = Caen (®)

3.4 Assumptions of The Boundary Conditions

The assumption used in the software were as follows:
e Transient-state conditions.
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Turbulent flow.

Three dimensional.

The Boussinesq approximation is utilized.

Incompressible flow.

The specific heats are the same for all the wax types equal 2000 J/kg.k. depending on various researches (except

for RT42).

e The heat of fusion is the same for all the wax types which equals 250000 J/kg depending on various researches
(except for RT42).

e Constant properties of PCMs.

The present work occurred under the climatic conditions of Al-Kut city on (5-8-2016) with a constant intervals

hours (6:00 am to 6:00 am in the following day). Table 4 depicts the climatic conditions of this day according to the

Iragi Agro meteorological network.

Table 4 Climatic Data of Al-Kut City on (5/8/2016)

T Solar intensity Ambient Average wind Relative
(W/m?) temperature (K) speed (m/s) humidity %
6:00 am 11.18 305.5 19
8:00 am 288.47 3115 21
10:00 am 687.08 316.5 10
12:00 pm 802.76 3205 9
2:00 pm 74151 320.6 8
4:00 pm 443.86 318.6 0.66 8
6:00 pm 124.45 313 . 12
8:00 pm 0 3085 . 14
10:00 pm 0 304 . 14
12:00 am 0 302 2.55 24
2:00 am 0 302.5 24
4:00 am 0 303 20
6:00 am 12 305 195

3.5 Assumptions of The Boundary Conditions

The boundary conditions are characterization to the thermal variables on the border of the typical CFD simulation
model. Therefore, the boundary condition has a significant effect on the numerical analysis results of the model
while using Ansys Fluent software. The following are the boundary conditions details for each component where the
inlet and outlet temperatures have been written as polynomial equations representing the actual 24-hours data, then
hooked up to Fluent software and recalled from the boundary condition tap, the heat transfer coefficient from the
walls of the room to the ambient is also calculated and inserted into the Fluent as per the wind velocity at the
experiment location for the whole 24-hour period and is shown below in equation (9) [16]:

hconv=hwind=5.7 X 3.8 Vwind (9)
The 1%t and 2" models boundary conditions are illustrated in the table (5).

Table 5 Boundary conditions of 15t and 2" model

Boundary Type Boundary condition Value
Inlet Entrance Pressure, temperature inlet Pin=0 pa, Tin=Tamo k
Outlet Outlet Pressure, temperature outlet Pout=0 pa, Tout=Tamb K
Glass Semitransparent wall Mixed (convection and radiation) h=Nwind, T=Tamb, Tsky=0.0552* Tamp'*®,
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Solar radiation
Side walls Opaque wall Convection h=hwind , T=Tamb
Ceiling Opaque wall Convection h=hwind , T=Tamb
Ground Opaque wall Insulation Heat flux =0 W/m?

4 VALIDATION

The validation of the present work depends on the comparison with the experimental work for a single-floor room
model with an inclined solar chimney, which is accomplished by Ahmed et. al [17]. The thermal specifications for
all design materials and the ambient thermal conditions of temperatures and solar radiation were used. The present
CFD simulation was carried out for six hours, with one hour between each reading, from 10 a.m. to 3 p.m.. The
validation consisted of a comparison between the experiment results of published work and the present numerical
work. Good agreement was accomplished between the results. Where the percentage of variation in the results was
(2.02 %) in absorber temperature, while the percentage of variation in the results was (9.6 %) in air velocity at the
chimney inlet. Figures (4) and (5) present the validations charts.

1.0
355 < —s— T absorber (current work) —=— inlet velovity (current work)
—4— T absorber (Ex.)[17] 09+ —a—inlet velocity (Ex)[17]

0.8
o 0.7

0.6

0.5
0.4+

Temperature (K)
w
&

Inlet velocity (m/s;

325 4 0.3 4
320 0.2
0.1 T T T T T T
315 10 1 1 13 14 15 10 11 12 13 14 15
Time (hour) Time (hour)
Figure 4 The absorber temperature comparison of Figure 5 The chimney inlet velocity comparison of Validation
Validation

5 RESULTS AND DISCUSSIONS

5.1 Thermal performance of the first model (without ES)

As previously mentioned, this model consisted of a simulation for the two-story building and the solar chimney. The
thermal performance of solar chimney ventilation was examined according to three factors: ACH, indoor average
temperature, and the number of hours of ventilation.

Regarding ACH, Figure 6 shows that the maximum ACH values on the 1% floor and 2™ floor were 12 and 11,
respectively registered at 12 p.m. when the solar radiation intensity was 802.76 W/m?2. Whereas, the minimum
values that recorded through the daylight period were 4 and 3.5 at 8 a.m. on the 1%t and 2" floor that is registered
when the solar radiation intensity was 288.47 W/m?. In this model, it was found that average ACH were 4.833 and
4.85 for 1 and 2" floors, respectively.

After sunset, the values stabilized on 2 on the 1% floor and 3 on 2™ floor and that is because of the absence of solar
radiation which warming the absorber wall that in turn reflects the thermal radiation on the air in the air gap
producing low density air flowing up and in sequence suctioning fresh air from the rooms inlets.

The Figure also shows that in the daylight, the ACH values on the 1% floor were higher than the ACH values on the
2" floor and that is due to the first level's solar chimney column being one meter longer than the second floor's, the
first floor has a greater buoyancy impact than the second floor. As a result, the first floor chimney coupling hatch
has a higher air intake rate than the second story chimney coupling hatch. Whereas, during the night the ACH values
on the 1% floor is less than the ACH values on the 2" floor that is because the absence of buoyancy affect and the air
flows in reverse path from SC to the rooms that led to velocity drop due to the friction losses that increased with the
increasing of air path length.
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As for the indoor temperatures, Figure 7 shows that the maximum indoor temperature were 323 K on the 1% floor
and 323.5 K on the 2" floor recorded at 2 p.m. and 4 p.m. when the solar radiation was in the range of (741.51-
443.86) W/m? and the ambient temperature was 320.6 K. Whereas, the minimum indoor temperature was 303 K and
302 K on the 1t and 2™ floor, respectively at 4 a.m. and 6 a.m.. The average indoor temperature in the 1% and 2™
floors were 312.875 k and 312.625 Kk, respectively while the outdoor average temperature was 310.558 k. The reason
behind the indoor temperature be in higher temperature than the ambient is due to a portion of the air being stagnant
in the higher regions of the rooms and being heated by the walls' exposure to solar radiation during daytime hours.
The results of simulation shows the ACH and the indoor temperatures would being rising according to the solar
intensities and ambient temperatures rising and vise-versa. Regarding the ventilation process that happened due to
buoyancy effect was started at 8 a.m. and ended at 6 p.m. after that, the ventilation was in reverse flow and ACH
stabilized at 2 and 3 on 1t and 2™ floors, respectively. Figures 8 to 11 show the velocity vectors and temperature
contours at 12 p.m. and 12 a.m., respectively.
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5.2 Thermal performance of the second model

This model consisted of a simulation for the two-story building, the SC and the ES that is located behind the
absorber on the first floor. Its aimed to study the effect of changing the ES type on thermal performance of SC.
Three types of paraffin wax with a thickness of 4 cm were used in the numerical study namely: Al-dura paraffin
wax, Block-shaped paraffin wax, and RT-42 paraffin wax.

5.2.1 Al-dura paraffin wax

This case includes the building with the SC and Al-dura paraffin wax as ES. The thermal performance of solar
chimney ventilation was examined according to three factors: ACH, indoor temperature, and The total number of
hours of ventilation.

On the 1% floor, The maximum ACH was recorded at 4 p.m. which was equal to 10 while the minimum ACH was 2
from 2 a.m. to 6 a.m.. on the other hand, the maximum ACH on the 2™ floor was 9.5 at 2 p.m. while the minimum
value was 3 at 2 a.m. to 6 a.m. The average ACH on 1 and 2" floors were 5.716 and 5.333, respectively. Figure 12
illustrates the ACH values according to time.

Regarding the indoor temperature, the maximum value on the 1% floor recorded was 321 K at 2 p.m. and 4 p.m.,
while the minimum value was 303 K at 4 a.m. and 6 a.m. On the other hand, the maximum recorded temperature on
the 2" floor was 322 K at 2 p.m. and 4 p.m., while the minimum temperature was 302 K recorded at 4 a.m.. Figure
13 illustrates the temperature values according to test periods. It was found that the average indoor temperature for
1%t and 2" floors were 311.708 k and 311.95 k, respectively

The ventilation started at 8 a.m. and ended at 12 a.m. on the next day, depending on the values of the ACH, which
changes during these hours and then stabilized at fixed values after 12 a.m.. To demonstrate the behavior of
temperature and air velocity through the day and night periods when using this type of wax in this thickness, figures
14 to 17 illustrate the velocity vectors and temperature contours at 12 p.m. and 12 a.m..

The process of melting and solidification of wax had an impact on the ventilation because the temperature of the
wax affects the temperature of the absorbent wall, which affects the temperature of the air adjacent to the absorber
wall, and that in turn affects the velocity of air in SC. However, this does not mean that the ventilation process has
completely stopped after the wax has solidified, that means the ACH will not be equal to zero, because ventilation
occurs as a result of the pressure difference caused by the difference in air temperatures between the building and
the outside environment. Figures 18 and 19 illustrate the liquid fraction at 12 p.m. and 12 a.m., respectively, where
the simulation results showed that the average liquid fraction at these times were 0.4 at both times.
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Figure 12 ACH values when using Al-dura Paraffin wax Figure 13 Average temperature when using Al-dura wax
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5.2.2. Block-shaped paraffin wax

In this case, Block-shaped paraffin wax was used as ES. As in the previous case, the results of the second numerical
model are dealing with the ACH, the indoor temperatures of the two-story building during the simulation test
periods, and the number of hours of ventilation.

The maximum ACH of the 1st floor was 9 which occurred at 2 p.m., while the minimum value was 2 registered at
10 p.m. till 6 a.m. On the other side, the highest and lowest levels of (ACH) on the second floor are 9.5 at 2 p.m. and
3 at 10 p.m. till 6 a.m. respectively, as seen in Figure 20. The average ACH on 1st and 2nd floors were 4.475 and
4.65, respectively.

In terms of indoor temperature, the maximum recorded temperature on the 1% floor was 322 k at 2 p.m. and 4 p.m.,
while the minimum temperature on the same floor was 303 k recorded at 4 a.m. and 6 a.m .. On the other hand, the
maximum temperature on the 2" floor was 323.5 k recorded at 4 p.m., while the minimum temperature recorded
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was 302 k at 4 a.m .. Figure 21 showed the temperature distribution on the two story building. Results showed that
average indoor temperature on the 1%t and 2" floors were 312.166 k and 312.208 k, respectively.

In this type of wax the ventilation process started at 8 a.m. and ended at 8 p.m.. Figures 22 to 27 illustrate the
velocity vectors, temperature contours, and liquid fraction contours at 12 p.m. and 8 p.m.. The velocity vector in the
figure 24 demonstrates that at 8:00 pm the ventilation due to buoyancy effect confined only on the 1% floor, while its
stops at the 2" floor and that is due to temperature difference between air temperature in first floor air exit and the
top of chimney.
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5.2.3. RT- 42 paraffin wax

In the 3 case , RT-42 wax was used as the ES, and the findings dealt with the ACH, internal temperatures of the
two-story building throughout the day, and ventilation hours. The maximum ACH of the 1% floor was 10, which
occurred at 2 p.m., while the minimum value was 2 at 2 to 6 a.m.. The highest and lowest amount of (ACH) were
9.5 and 3, respectively for the 2" floor, as shown in figure 28. The average values were 5.75 and 5.375 on the 1%
and 2™ floor, respectively.

Figure 29 displays the indoor temperatures of the two-story building. The results revealed that the greatest recorded
temperature on the first floor was 323 k at 4 p.m., while the minimum temperature was 304 between 2 and 4 a.m. On
the other side, the greatest and lowest temperatures recorded on the second floor were 323 k and 303 k, respectively.
While the average indoor temperature were 312.625 k and 312.916 k, respectively.

Also, the ventilation process started at 8 a.m. and ended at 12 a.m. The velocity vectors, temperature, and liquid
fraction contours plotted at 12 p.m. and 12 a.m. are shown in Figures 30 to 35, respectively. The shapes of the liquid
fraction showed that this type of wax is the most easy to melt due to its low melting point, which is equal to 43
degrees Celsius. The simulation results showed that the amount of liquid wax was estimated at 0.7, 1, and 0.55 at 12
pm, 6 pm and 12 am, respectively.

Il ACH in 1st floor

o i 325 o —a— 1st floor Temp.
I ACH in 2nd floor it floor Temp.

—a&— Ambient temp.

320

315 4

310

Temperature (K)

305 -

Alir change per hour (1/hour)

300

(2

RS
Time (hour

Figure 28 ACH when using RT-42 wax Figure 29 Ave. indoor temperature when using RT-42 wax
Yoy I
[ 1 P
‘ 25560
26302
0.191 324518
322735
320.951 e ———
P S17304
" ‘ g |
0.000 L 312034
[ms*1] ]
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5.3 Comparison between ES types

The comparisons were done between the three varieties of wax and the first model based on three factors: average
ACH, interior temperature, and ventilation duration so that to specify the best wax type.

Figures 36 and 37 show a comparison between the three types of wax and the 1st model in average ACH and
average indoor temperature, respectively.

The results showed that the improvement percent in ACH for Al-dura and RT-42 wax were very similar about 18 %
and 10 % for 1t and 2" floor, respectively when comparing with the 1%t model. While in cases of block wax the
ACH reduced by 7.4 % in the 1% floor and 4.123 % in the 2" floor.

Besides, the temperature reduced by 1.2 k and 0.86 k for 1%t and 2™ floor in case of Al-dura wax when comparing
with 1%t model. While, the reduction in temperature in case of block and RT-42 were 0.71 k and 0.25 k, respectively
in the 1% floor and for the 2" floor, it was 0.42 k and 0.29 k, respectively.

Finally, the ventilation process took place for 5 hours after sunset in case of Al-dura and RT-42 paraffin wax, while
in block-shaped wax it lasted to one hour after sunset.

The average ACH value in the instance of Al-dura and RT-42 wax was the highest in the prior results for two
reasons. The 1% reason is the longest period of ventilation after sunset, while the 2" reason is most of the wax
material melted and reached the melting point at 2 p.m. As a result, the absorber wall is maintained at a high
temperature (melting temperature of wax) for the rest of the daylight period while in the other cases the absorber
wall cooled faster because of the high melting point of the other waxes. As a result of the wax's high melting
temperature, thermal energy cannot be stored during the day due to the wax'’s inability to melt, which causes rapid
heat loss.

Also, the reason behind the lowest temperature that registered in the case of Al-dura wax is because of the highest
ACH which works on replacing the indoor hot air in the building with fresh outdoor air. It could be concluded from
the foregoing that the best type of wax is Al-dura paraffin wax.
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6. CONCLUSIONS

The solar chimney integrated with PCM is considered a good solution to extend the ventilation period after sunset.
Numerical results showed that compared with 1 model, the ACH in the 2" model increased by 18.34 % for 1% floor
and 9.98 % for 2™ floor in the case of Al-dura wax. While in case of RT42, ACH increased by 18.97 % and 10.78 %
on 1% and 2" floors. But, in case of the block-shaped wax, the ACH was decreased by 7.4 % and 4.123 % on 1%t and
2" floors, respectively. On the 1%t and 2™ floors, the temperature was decreased by 1.2 k and 0.68 k in case of Al-
dura wax, whereas, in case of RT42 the reductions were 0.25 k and 0.29 k. while, in case of block-shaped wax,
temperature decreased by 0.71 k and 0.42 k, when comparing with 1t model. As for the hours of ventilation after
sunset, it was found that in both cases Al-dura and RT42 wax, the ventilation went on 5 hrs. after sunset. Whereas,
in the case of block-shaped wax, the ventilation lasted for one hour. Finally, The melting point can be regarded as
the most significant characteristic since, when taking into account the thermo-physical properties of the types of wax
tested, it can be seen that the values are very close, with the exception of the melting point.

NOMENECLATURE

SC: Solar chimney

ES: Energy storage

PCM: Phase change material

CFD: computational fluid dynamics

Vwind: Wind velocity

heonv: cOnvection heat transfer coefficient
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