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INTRODUCTION

The private and public building sectors are significant
energy consumers, as they require energy to provide opti-
mal comfort for the occupants of the buildings. The energy
demands of the building sector are consistently rising to
satisty people’s indoor comfort needs. Declining fossil fuel
reserves due to increasing consumption and rising energy
demand have forced Algerian policymakers to explore
new sources of energy production. The building sector in
southern Algerian regions is known for being energy-in-
tensive. According to a report from the National Agency
for the Promotion and Rationalization of the Use of Energy
(APRUE), energy consumption in the construction and
agriculture sector constitutes 46.7% of the total energy con-
sumption, surpassing both the transport sector (30.6%) and
the industry sector (22.7%) [1]. During the summer sea-
son in the Algerian Sahara, there is a significant increase in
the demand for energy to power air conditioning systems.
Due to the extremely hot climate experienced during this
period, energy consumption in buildings is on the rise in
developing countries like Algeria [2].

Using energy-efficient materials in construction
has been extensively studied as a potential solution [3],
reducing the energy consumption of space-conditioning
systems, this can help minimize the negative impacts of
severe outdoor weather conditions on building occupants
and improve indoor thermal comfort [4]. When selecting
building materials, it is necessary to choose materials that
help reduce energy consumption, contribute to reducing
CO2 emissions, and achieve the required thermal comfort
in buildings. Local building materials and traditional con-
struction are two important energy-saving solutions; these
solutions can immediately achieve zero energy balance
and zero local carbon dioxide emission in Mediterranean
climates [5, 6]. To reduce energy use for space cooling,
heating, and air conditioning, studies have focused on eval-
uating and analyzing the thermal efficiency of the building
envelope. Studies have confirmed that the design and struc-
tural properties of the envelope, and the thermal and phys-
ical properties of the materials used for construction affect
the environmental and energy performance of the building,
which interact and communicate with external climatic
conditions [7, 8]. The study assessed the thermal response
times for walls constructed from cut stone in a historical
building and compared them to those made from modern
brick and gas concrete. It established the necessary insula-
tion thicknesses for these materials to meet U-values of 0.6,
0.4, and 0.2 W/m? K. There were noticeable differences in
internal temperature changes, with aerated concrete expe-
riencing the highest fluctuation at 0.59°C and cut stone
the lowest at 0.18°C. The results demonstrate that walls
with higher thermal inertia are better at resisting changes
in external temperatures, even though they have relatively
high U-values. This implies that the substantial thickness of
walls in historical buildings is designed to increase thermal

inertia, enhancing thermal comfort and reducing energy
loss [9]. The results show that to minimize the energy con-
sumption of the building envelope, the optimal combina-
tion of parameters is a window-to-wall ratio of 7%, the use
of triple-glazed glass, shading with an overhang fin, and
west orientation. Among these factors, the window-to-wall
ratio is the most influential. By optimizing these parameters,
architectural designers can significantly reduce the energy
demand of buildings, providing more efficient solutions
for energy-efficient construction [10]. The building enve-
lope is an important factor as a passive source of energy.
To achieve better thermal comfort in arid and hot areas,
Bekkouche et al. [11] showed that the horizontal position
of hollow bricks gives the best results. Among the solutions,
natural ventilation of buildings is important to avoid ther-
mal discomfort. Natural ventilation is an economical and
inexpensive solution [12]. The researchers emphasized the
importance of orientation in non-air-conditioned buildings
and its impact on the building’s internal thermal comfort
standards. The study concluded that the impact of changing
direction relates to floor and envelope building materials,
insulation levels, and following bioclimatic design rules
[13]. Researchers noted that when phase change materials
(PCMs) are integrated into envelope systems based on ori-
entations and seasons, it is possible to reduce annual energy
consumption by more than 50% and reduce demand for
cooling and heating [14]. The authors discuss strategies for
enhancing living conditions inside a semi-buried building
in a hot and arid climate. Temperature predictions for this
setup were modeled using the ANSYS-Fluent software. The
findings indicate that in the buried part of the room, at a
height of 2 m, the temperature remains below 25 °C, while
in the non-buried part between the heights of 2 and 3 m, it
varies between 25 and 26 °C. This thermal behavior inside
the room ensures effective cooling with minimal electrical
energy usage [15].

In the past, researchers have pursued new methods to
reduce energy usage in building design. One such method is
bioclimatic design, which involves integrating energy-sav-
ing strategies into construction and utilizing renewable
energy sources like solar power [16]. Traditional heat-
ing, cooling, and ventilation systems consume substantial
energy in residential areas. To mitigate this, a passive design
approach is preferred to reduce reliance on mechanical sys-
tems and overall energy demand during construction. Solar
chimneys represent an innovative passive design solution
that harnesses solar energy to create a natural updraft
through chimney ducts. This approach enhances environ-
mental quality and indoor air conditions within buildings,
improving thermal comfort efficiency while significantly
lowering carbon dioxide emissions [17].Among the main
recommendations to reduce energy consumption in build-
ings is the use of solar passive ventilation systems, such as
improving solar energy gain by changing the orientation of
the building, and solar chimneys can be installed on walls
and roofs. The device consists of a transparent cover, a black
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panel, and an air inlet and outlet connected to the roof. By
exploiting solar thermal energy, it is possible to establish an
acceptable temperature differential between the air within
and outside the solar chimney channel and to use the buoy-
ancy effect to induce a ventilation flow. Due to its use of
renewable energy, low operating costs, and absence of car-
bon dioxide emissions compared to mechanical ventilation
systems, the solar chimney is a bioclimatic design for sus-
tainable development [18]. The studies on solar chimneys
aimed to enhance natural ventilation by analyzing different
design elements. The effects of absorber materials, position,
and design configurations of solar chimneys were con-
sidered. Research indicates that many studies in the field
exclusively utilized experimentation or an experimental
approach in conjunction with numerical modelling [19].
According to the empirical findings about the design con-
figuration of Afonso and Oliveira [20], the chimney width
had a more significant impact on the ventilation rate than
its height. Studies conducted by Mathur et al. [21] revealed
that there is a direct relationship between the ventilation
rate and the ratio between the absorber height and the gap
between the glass and the absorber, and the researchers
found that a stack height-to-air gap ratio of 2.83 for a chim-
ney with a height of 1 m gives the highest ventilation rate.

While Hamdy and Fikry [22] found that the ideal incli-
nation angle for the proposed model was 60° to provide
optimal ventilation performance. The effect of heat flux
and inclination angle on the thermal efficiency of a solar
chimney integrated into the building was studied using
phase change material (PCM) as an insulator. An experi-
mental research was conducted to achieve this objective.
The effect of three different inclination angles on the chim-
ney’s performance was studied at different heat fluxes. The
study results indicate that the inclination angle affects the
buoyancy effect and natural convection within the PCM.
The values of the chimney performance and airflow were
highest at 45° in studied cases, and the airflow increases
with the increase in the heat flux value [23].

The researchers conducted an optimization study
and concluded that the solar chimney with the following
dimensions: 1.85 m height, 2.65 m width, an inclination
angle of 75°, and an air gap of 0.28 m, achieves the high-
est values of indoor air velocity in a residential building.
Sensitivity analyses indicate that the width of the solar
chimney is the most influential factor, while the height of
the solar chimney is not an influential factor compared
to the rest. The proposed solar chimney can generate air
velocities of up to 0.28, 0.47, and 0.52 m/s when exposed to
average solar radiation values of 500, 700, and 850 W/m?,
respectively [24]. The statistical analysis of the experimen-
tal study results indicates that the total number of tests con-
ducted is relatively small. Therefore, more necessary tests
and research must be carried out to enhance the perfor-
mance of the rooftop solar chimney. It is recommended to
combine the following features: a high cavity with potential
for solar radiation, a cavity gap measuring 0.2-0.3 m, equal

inlet and outlet, a height-to-gap ratio of approximately 10,
a tilt angle of 45°-60°, an adequate-sized room opening,
double or triple glazing, a 5 cm thick insulation wall, and
a solar absorber with high absorptivity and emissivity [25].
By identifying the elements that affect the performance of
solar chimneys in buildings, the results showed that choos-
ing the ideal inclination angle for the chimney significantly
improves ventilation rates. Furthermore, by reducing the
inclination angle from 80 to 20°, the maximum air mass
flow rate increases from 0.06 to 0.14 kg/s. When compared
with solar chimney ventilators with an inclination angle of
80°, the energy saving performance of those with an incli-
nation angle of 20° is approximately 144% greater. The per-
formance of the chimney from sunrise to noon is best at
an inclination angle of 40° [26]. The study investigated the
impact of various factors on the performance of the solar
chimney, including the depth of the air gap, the size of the
openings, the external air temperature, and solar radiation,
to identify optimal operating conditions that meet thermal
comfort standards. The findings indicated that the chimney
effectively maintains indoor air conditioning throughout
the day. Notably, even under conditions of low solar inten-
sity (215 W/m?) and a cool ambient temperature (5°C), the
chimney achieved an air change rate of 2.93 air changes per
hour (ACH) [27]. An experimental and numerical study
was conducted on the efficiency of a rooftop solar chimney
in a room of 12 m?* volumes. Solar radiation of 750 W/m?
was applied to the facade of the chimney, the aspect ratio
was 13.3 and the chimney’s height was 2 m. The results
showed that the ventilation rate is highest at an inclination
angle of 60°. The ventilation rate at 60° was 30 ACH, about
20% higher than at 45° in a 12 m’room, and the maximum
air velocity was 0.8 m/s at an air gap of 50 mm [28]. The jet
impingement method is highly effective for enhancing con-
vective heat transfer in solar chimneys, The study focuses
on a new jet plate solar air heater, design enhanced with
continuous longitudinal fins, which significantly improves
convective heat transfer in applications like space heating,
crop drying, and building heating. Performance evaluations
based on heat transfer and pumping power (represented by
the Nusselt number and friction factor) across Reynolds
numbers from 2500 to 18,000 show that this new design
of solar air heater jet impingement (SAH]JI) increases heat
transfer by 1.65 times and achieves superior hydraulic
performance compared to a traditional smooth solar air
heater (SSAH) [29].Based on the authors’ survey and pre-
vious studies, there have been few empirical investigations
into rooftop inclined solar chimneys and the influence of
external factors on their efficiency. This study specifically
focuses on the impact of optimal construction materials on
chimney performance, an aspect that has not been previ-
ously addressed and represents the original contribution of
this research. Therefore, the authors conducted an exam-
ination of rooftop solar chimneys under real climatic con-
ditions, particularly in a region known for its hot and dry
climate. These conditions typically diminish the device’s
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performance by failing to create the necessary thermal dif-
ference between the inlet and outlet temperatures of the
chimney required to stimulate air movement and achieve
adequate ventilation. This study was conducted to explore a
solution that enhances the temperature differential between
the outside and inside the room and increases the chim-
ney performance level. For this purpose, the research eval-
uated the rooftop solar chimney connected to two small
rooms, each built from different materials: local stone and
hollow bricks, at various inclination angles and with differ-
ent air gaps, all under real climatic conditions. This study
aims to investigate the impact of various factors on the
air movement and ventilation performance of chimneys.
Specifically, the effects of building materials, inclination
angle, and air gap on chimney performance will be exam-
ined by monitoring air movement, evaluating the comfort
zone, and determining the air changes per hour (ACH) the
chimney can achieve.

EXPERIMENTAL SETUP

The study aims to enhance a passive ventilation system
that improves indoor air quality and reduces energy con-
sumption. This system operates using renewable energy
and includes an inclined solar chimney, integrated into the
building as shown in Figure 1. A solar chimney is a device
used for ventilation that extracts air from an enclosed space
by exploiting the density difference between hot and cold
air. This system facilitates ventilation using clean, free
renewable energy sources. Initially, the researchers investi-
gated the thermal performance of two small rooms made of
two different building materials widely used in the Algerian
Sahara, namely hollow brick and local stone, as shown in
Figure 2. The objective was to identify a building material
that would help reduce energy consumption and enhance
comfort. In the second stage, the performance of solar-as-
sisted ventilation technology was analyzed in these two
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Figure 1. Experimental setup.
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(a)

Figure 2. Construction process of the cubicles (a) hollow brick (b) local stone.

(b)

rooms in Quargla city, Algeria (31°56’60”N, 5°19°0.001”E),
under real weather conditions. The study examines and
compares the performance of six ventilation scenarios.
Measurements were conducted from 8:00 AM to 6:00 PM
over six consecutive days, starting from May 8, 2021.The
region is characterized by a hot and dry climate, with high
temperatures in summer.

Experimental Cavities

One of the main objectives of this research is to identify
a local building material that helps rationalize and reduce
energy consumption by conducting a thermal performance
analysis of two common materials widely used in the south-
ern region of Algeria: local stone and hollow brick. Figure 2

Table 1. Components of the brick cubicle room [45]

provides an overview of the small rooms used in this study.
Each room has dimensions of 1 m x 1 m x 1 m. The rooms
feature a laminated wooden door (0.65 m by 0.3 m) on the
east wall and a single-pane window (0.35 m by 0.35 m) on
the north wall.

The construction components of the two rooms, along
with the physical characteristics of each material, are
detailed in Tables 1 and 2. The physical characteristics of
the stone and brick were measured in a laboratory at the
University of Ouargla.

Solar Chimney
To integrate the solar chimney onto the rooftop of a
residential room, an opening measuring 0.25 m by 0.60 m

Wall Composition e (cm) p (kg/m?) Ci (kJ/ kg. K) k (W/m.k)

Vertical Mortar 1.5 1700 1 1.15

walls hollow brick 15 900 0.936 1.72
Mortar 1.5 1700 1 1.15

Ceiling Mortar 1 1700 1 1.15
heavy concrete 15 2300 0.92 1.75
Mortar 1 1700 1 1.15

Floor heavy concrete 15 2300 0.92 1.75
Mortar 2 1700 1 1.15
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Table 2. Components of the Stone cubicle room

Wall Composition e (cm) p (kg/m?) Ci (kJ/ kg.K) k (W/m.k)
Vertical Gypsum 1.5 1322 1 0.45
vealls Stone 15 2300 0.94 0.63
Gypsum 1.5 1322 1 0.45
Ceiling Gypsum 1 1322 1 0.45
Stone 15 2300 0.94 0.63
Gypsum 1 1322 1 0.45
Floor Gypsum 2 1322 0.94 0.45
Stone 15 2300 1 0.63

was created to facilitate air movement between the inside
and outside of the room through the inclined solar chim-
ney channel. The solar chimney is designed as a rectangular
structure, with the face of the chimney oriented southward,
measuring 1 m in height and 0.6 m in width. The effect of
the air gap was studied with two gap sizes of 0.15 m and 0.25
m, and the solar device was positioned at angles of 30°, 45°,
and 60° relative to the horizontal, depending on the specific
context under examination. The chimney is constructed
from an aluminum frame and a front glass cover, with an
absorber located opposite the cover, as depicted in Figure
2(a). The absorber, made from a 1.5 mm thick steel sheet
and coated with a dark black color to enhance its ability to
absorb incident radiation, was insulated with polystyrene
to reduce heat loss and improve the chimney’s efficiency.

Measured Parameters

In this study, the authors measured various parameters
surrounding the experimental setup, including temperature,
air velocity, solar intensity, and relative humidity. Indoor
temperature, ambient temperature, and internal tempera-
ture of the solar chimney were recorded. Air temperature
measurements were conducted at the center of the room, as
illustrated in Figure 2(b). Temperature measurements were
performed at various locations within the chimney and
rooms using six T-type K thermocouples. Figure 2(b) pro-
vides a detailed illustration of the locations where the ther-
mocouples were placed. Specifically, thermocouples were
affixed to the middle of the absorber and glass surface, the

chimney inlet, the window, and one to measure the ambi-
ent temperature. The measuring instruments included two
Frederiksen 4890.20 solar radiation meters. The first pyra-
nometer was placed on the outer face of the glass cover to
measure the received solar intensity, while the second was
positioned to measure the solar intensity received by the
absorber. Both pyranometers were aligned with the angle
of the solar chimney. Air velocities at the inlet and outlet
of the solar chimney, inside the room, at the window, and
the wind velocity outside were measured using an AVM-10
Hot Wire Anemometer. The UNI-T UT333BT hygrome-
ter was used to measure the relative humidity indoors and
outdoors. The output signals from the thermocouples were
transmitted to a DATAQ DATA LOGGER data acquisi-
tion system, and the results were recorded on a computer.
Additionally, a weather station was installed near the exper-
imental setup to simultaneously record weather data such
as ambient temperature, solar intensity, and wind speed.
The characteristics of the instruments used to measure the
parameters are shown in Table 3.

Performance Metric
The current investigation employs air change per hour
(ACH) as a performance metric, as specified by ANSI/
ASH-RAE in 2004. The preceding quantities are provided
as follows:
Q=vxA (1)

solar chimney

Table 3. Equipments/Instruments used for measuring the parameters

Equipments/instruments Model Accuracy
Thermocouples T-type K +0.3°C
Pyranometer Frederiksen 4890.20 5%
Anemometer AVM-10 Hot Wire +0.05 m/s
Relative humidity meter UNI-T UT333BT +5% RH
Data acquisition system DATAQ DATA LOGGER Model DI-245 +0.25°C
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Q : volumetric flow rate, v: air velocity and A
cross-sectional vector area of solar chimney.

solar chimney"

ACH = (Q x 3600)/V,,,,, )

Vioom indicates the volume of the room where the solar
chimney is connected. The air change per hour (ACH)
depends on the room size ratio to the chimney area. The
value of living room volume (V,.) in real life is 27 m?,
calculated using the dimensions of a standard living space
measuring 3mx 3 mx 3 m.

In the equation presented, the typical room volume
is substituted with a realistic room volume (e.g., 27 m?)
to estimate the ventilation rate in real-life situations. The
underlying assumption is that the chamber volume does
not affect the volumetric flow rate calculated by the equa-
tion. To more accurately represent real-life conditions, vol-
umetric flow rates have been converted to equivalent air
changes per hour for a room of 27 m?. It is important to
note that the air change rate is calculated using Equations
(1) and (2).

System Modelling
The heat balance equations for each component of the

solar chimney are the basis for the thermal modeling of the

understudied system. Set assumptions have been consid-
ered for this:

o The nodal method is considered (the temperature of
each layer of the solar device is considered spatially
constant).

o Each solid layer’s thermo-physical characteristics are
assumed to be constant.

o The lateral thermal losses have been ignored.

o The fluid duct pressure losses are neglected.

o The ground-to-solar device radiative heat transfer is
disregarded.

The energy conservation concept is applied to each
component to forecast the temperatures of each solar device
and determine their performances. The following equation
commonly expresses this principle.

ar;

MiC' - = Zin Qi - Zou Qi (3)

Ldt

where:

= M;G; 9T the thermal inertia of the component i.

= Y., Qg total of the energy that component i received
through different heat exchange modes.

= YouQ;is the total of the energy that component i lost
through different heat exchange modes.

» For the glass cover

dTg _

MyCy—r = Am[“gG + hr,g—sky(Tsky - Tg) + hr.g—p (Tp - Tg)

- hv,g—f(Tg - Tf) +hyq (Ta - Tg)] (4)

The equivalent temperature of the sky is given by the
relation [30, 31]:

Tyey = 0.0552T25 (5)

The following correlation can be used to determine the
radiative heat transfer coefficient between the glass of a PV
module and the sky [32]:

(78 T3y ) (T2 +Tdky)
(Tg=Ta)

(6)

hrsky-g = 0

The following equation gives the radiative heat transfer
coefficient between two parallel flat plates [33, 34]:

(Ti+Tj)(Ti2+Tj2)

O—=x 1, (7)

&; 8]'

hr,i—i =

The convective heat coefficient due to the wind is
described by the following relation [35-37]:

h,, =57+ 3.8, (8)
» For the air
. dar
e Cr d_xf =1[hyr (T = Tp) = ho (T =T 9)

The Nusselt number correlation reported by Hollands
et al. (1976) is applied in the case of natural convection
occurring in an inclined rectangular duct. The following
Eq can be used to determine the convective heat transfer
coefficient in the air space. This correlation is valid with the
following criteria of rectangular duct; tilt angle 6 < 70° and
H/L > 12 [33, 38, 39, 40]:

_ Xr _Kr
ey =L Nu = E[l +1.44 [(1 -

1708 )+ (1 —1708 M)]

Racos6 Racos6
1 +
+ <(Ra5059)§ _ 1) ]
5830

The terms with the sign (+) for this correlation denote
that only positive values are considered (i.e. if negative, the
0 is used).

Ra can be expressed as the Rayleigh number, which is:

(10)

gBL3AT
2
vr

__ gBL3AT
vfa

Ra = GrPr = Pr

(11)

where g, B, L, vy and a are the gravity acceleration, the

expansion volume coefficient, the characteristic length (I,
K
the kinematic viscosity, and the thermal diffusivity (—pféf),

respectively. All fluid proprieties are calculated using wall

. (Tp+Tg
mean temperature of the rectangular cav1ty( 5 )

In the Rayleigh number, AT is calculated as:
(T, - Ty) for the exchange fluid-top glass cover, and;
(T, - Ty) for the exchange fluid-bottom glass cover.
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The mass flow rate is evaluated by adopting the formula
suggested by Bansal et al. (1993) and Arce et al. (2013) [41,
42]:

o Prho 2gL(Tf—Ty)
my = d\/TAT T, (12)
Where
— 4o
ey (13)

A,;,and A  are the inlet and outlet areas of the chimney.

The experimental investigation of Arce et al. [43]
showed that the appropriate value for the discharge coeffi-
cient, Cd is about 0.52:

For the absorber

M,C, =2

plp i T Am[Tg a, G+ hr,p—g(Tg - Tp)

(14)
+ hV,P—f (Tf - Tp) - hc,p—in(Tp - Tin)]

It is easy to express the air temperature along the duct
of the cheminy as:

We(hy f_gthy, r_
@) =|(T.. _ (Tthy,p—e+Tphy, r—p) e o v';;cfv'f p)x
Tf fiin (hv,f—t+hv,f—p)
(15)
(Tthw,f—t+Tphof-p)
(hv,f—t"'hv,f—p)

» For the absorber plate

ar,
M,C,=2=A

P ar c[hc.p—in (Tin - Tp) —hysp (Tp - Tf)

(16)
~hrpg (Tp - Tg)]

The neighboring solar device parts create a pathway
for the conductive heat transfer. The following formula
describes how the heat transfer coefficient in this case is
stated between two nearby components, i and j:

li 5
heaes =1/ (5 +32) (17)

J

» For the thermal insulator

daTin

MinCin7 =4, [hc,in—p (Tp - Tin) - hv,a(Tin - Ta)] (18)

RESULTS AND DISCUSSION

Efficient operation of a building’s ventilation and air
conditioning system ensures human comfort and indoor
air quality [44]. In some cases, achieving natural ventila-
tion through external windows can be challenging. As a
solution, active ventilation can be employed using alterna-
tive methods. This study introduces an active ventilation
system that includes an inclined rooftop solar chimney.

Additionally, the windows remain open during the exper-
iment to ensure airflow within the building, as depicted in
Figure 2. The system’s performance is analyzed for both
natural indoor and outdoor airflow.

Weather Conditions

Figure 3(a) demonstrates the variations in global solar
intensity over time during the measurement period. The
figure’s legend states that the recorded solar intensity values
are generally identical across the measurement days. Solar
intensity measurements show an increasing trend from
08:00 until reaching a peak around 12:00 noon. Afterwards,
the intensity gradually decreases until the end of the mea-
surement period. The highest recorded value of global solar
intensity is approximately 960 W/m?, while the largest fluc-
tuation in solar intensity across all measurement days is
approximately 20 W/m®. Additionally, the measurements
indicate that the wind speed does not exceed 1.05 m/s at
3:00 PM, as mentioned in Figure 3(a). Wind speed exhibits
diurnal variations, influenced by changes in ambient tem-
perature and solar radiation intensity, gradually increasing
from morning to reach its highest point in the afternoon,
before decreasing towards the end of the measurement
period.

Impact of Construction Materials

Figure 3(b) illustrates two rooms” outdoor and indoor
temperature readings over several days of measurement.
The data show that the highest ambient temperature
reached 34°C at 1:00 PM. Moreover, the ambient tempera-
ture remained relatively consistent across the different days.
Regarding indoor temperature developments, temperature
measuring instruments in a hollow brick cavity recorded
temperatures ranging from 19°C to 34.5°C throughout the
day. In contrast, in the other cavity, temperatures fluctuated
between 21°C and 32.5°C. At 12:00 AM during this exper-
iment, the temperature difference between the two cavities
peaked at 4°C. These measurements suggest that local stone
has thermal insulation properties, contributing to energy
storage and reducing temperature fluctuations. Throughout
the diurnal period, a clear contrast is evident between the
temperatures in the two rooms, indicating that the stone
helps isolate the interior from the external environment. In
contrast, the impact of the external thermal environment
is more pronounced within the hollow brick room. The
maximum temperature difference between the minimum
and maximum temperature in the stone room was 11.5°C,
while in the hollow brick room, it reached up to 15.5°C.
These measurements indicate that the indoor temperature
fluctuations in the stone room are due to the thermal iner-
tia of the stone. As the ambient temperature increases, the
thermal insulation provided by the stone also increases,
leading to a greater temperature difference between the
indoor and outdoor environments of the local stone room.
Conversely, an increase in ambient temperature for hollow
bricks resulted in decreased thermal insulation.
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Figure 3. Variation of (a) the horizontal solar intensity and wind velocity (b) Variation of the outdoor and indoor tempera-

ture of two rooms with time.

Impact of Solar Radiation on the Chimney

The efficiency of a solar chimney is influenced by sev-
eral factors including the amount of solar radiation received
by the absorber, the chimney’s inclination angle, and exter-
nal conditions like wind speed and temperature above the
absorber surface. These elements significantly affect the air
velocity and the comfort level inside the room. Figure 4(a)
captures the variations in solar radiation absorbed during the
measurement period, showing an increase from 08:00 AM,
peaking around 12:00 noon at approximately 785W/m?, and
then declining towards the end. The highest radiation value
was observed with a chimney inclined at a 45° angle and fea-
turing a 15 cm air gap. Figure 4(b) shows the variations in
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absorber temperature over time for the cases studied. The
graph illustrates that the absorber temperature follows the
trend of solar intensity evolution, gradually increasing from
morning until reaching its peak value of 79.6°C around 12:30
PM. This peak is the highest value recorded in this study
for the 45° inclination and a 15 cm air gap. The graph also
highlights that the distance between the absorber and the
glass pane plays a critical role in solar radiation reception; a
smaller air gap of 15 cm results in higher solar intensity and
absorber temperatures than a larger gap of 25 cm in all cases
studied. As solar intensity decreases, so does the temperature
of the absorber, emphasizing the interconnectedness of these
variables in influencing chimney performance.
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Impact of Solar Chimney on Interior Conditions

Impact on ventilated air

Air exchanges in buildings are crucial role in maintaining
human health and thermal comfort, particularly highlighted
during the recent COVID-19 pandemic through their
impact on indoor environment quality and infection mitiga-
tion. Figure 5(a), (b), and (c) depict the variations in inlet air
velocity of a solar chimney under different ventilation sce-
narios in two rooms over the measurement period. The data
shows that the average inlet air velocity increases from 08:00
AM until about 01:00 PM, then declines as solar radiation
decreases, which reduces the chimney’s performance.

In detail, Figure 5(a) presents the performance of the
solar chimney in the local stone room at a 30° inclination
with a 25 cm air gap, where the highest inlet velocity reached
at 01:00 PM is 0.38 m/s. In comparison, a narrower air gap
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of 15 cm at the same inclination achieves a velocity of 0.32
m/s. The velocities for the hollow brick room were 0.36
m/s and 0.31 m/s with a 25 cm and 15 cm gap, respectively,
demonstrating that a wider air gap generally enhances chim-
ney performance. Its impact can reach 14 % at peak times.
Furthermore, at 45° and 60° inclinations, the 25 cm air gap
continues to offer superior performance in both room types
compared to the 15 cm gap. Specifically, at a 45° inclination,
the velocity can peak at 0.48 m/s in the stone room, and at
60°, it can reach 0.40 m/s. This pattern is consistent across
Figure 5(b) and (c), with the 45° inclination achieving higher
velocities due to optimal exposure to solar radiation.
Additionally, the solar chimney performs better in
the stone room than in the hollow brick room, where the
thermal insulation properties of stone enhance chimney
efficiency by about 15%. At an optimal setup of a 45° incli-
nation and a 25 cm air gap, the stone room achieves an inlet
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Figure 5. Evolution of Air velocity inlet with time (a,b,c) and (d) ACH and function solar intensity.
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air velocity of 0.48 m/s, compared to 0.41 m/s in the hollow
brick room. This study underscores the critical role of the
chimney’s inclination angle and air gap in optimizing its
performance, with a 45° angle and a 25 cm gap outperform-
ing other configurations by up to 20%.

Impact on ACH

Figure 5(d) illustrates the relationship between air
changes per hour (ACH) and solar energy intensity, where
the studied solar chimney is applied in a living room with
real dimensions of 3m x 3m x 3m. It highlights the perfor-
mance of the top three solar chimney cases studied. With
increasing solar radiation, the ACH also rises in all scenar-
ios, primarily depending on the strength of the incoming
solar radiation. Throughout the day, the ACH induced by
the chimney fluctuates between 3 and 7.8, peaking at noon.
This high air change rate is attributed to the absorber’s
greater absorption of thermal radiation behind the trans-
parent glass, subsequently heating the room air outlet and
increasing the buoyancy force.

The experiments demonstrate that a solar chimney with
a 25 cm air gap significantly outperforms one with a 15 cm
gap in all instances. Solar chimneys with a 45° inclination
angle also achieve better ACH than those inclined at 30° or
60°. Specifically, at a 45° inclination and a 25 cm air gap,
the ACH reaches its maximum of 7.8 for the stone room
with 950 W/m?solar radiation intensity. Under similar con-
ditions, the maximum ACH for the brick room is 6.6. In the
stone room, with a 60° inclination and the same solar and
structural conditions, the ACH reaches 6.2.

Comparatively, the system’s Air Changes per Hour
(ACH) with a solar chimney inclined at 45° and with a 25
cm air gap in the stone room is 20% greater than that at a

60° inclination. Furthermore, with a chimney featuring a 25
cm air gap and a 45° inclination, the ACH of the stone room
exceeds that of the hollow brick room by 15% [45].

Table 4 presents a comparison between the results
obtained in this study, shown in Figure 5(d), and the exper-
imental and numerical findings of Mathur [21], Bassiouny
and Koura [46], Abdallah et al. [47] and Haghighi and
Maerefat [27]. This study accounted for a wide range of
solar intensity variations during the measurement days,
considering values of 500,700 and 800 W/m?, also used in
the aforementioned studies. A summary of these results is
presented across various configurations and solar energy
densities, highlighting the optimal performance of the solar
chimney chosen for each study. The quantitative compari-
son shows reasonable agreement between the results from
this study and those previously published, under various
climate conditions.

Impact on indoor humidity

Figure 6. shows the indoor relative humidity values in
the room during the measurement period for all proposed
configurations. The graph illustrates a decrease in relative
humidity from 8:00 AM until approximately 1:30 PM, fol-
lowed by an increase over time. This pattern is because
relative humidity tends to decrease with increasing room
temperature and rises when the temperature decreases, as
concluded from Figure 3(b) and 6. In the room constructed
with local stone, the study found that the greatest effect of
the chimney on the indoor relative humidity was with an
inclination angle of 45° and an air gap of 25 cm. The dif-
ference between the lowest and highest relative humidity
values across the studied cases was about 6.7%; this effect
persisted for most of the day across all cases as shown in

Table 4. overview of selected results for comparison with published experimental data

Reference Research type  Location Technical specification Solar intensity (W/m?) ACH (1/h)
Mathur etal.  Experimental India Absorber length (m) 0.8 inlet 500 4.53
[21] Solar chimney integrated in a 700 5.33
3 2
room with 1.0 x 0.2 m 800 i
Bassiouny and Numerical Minia, Egypt Absorber length (m) 0.8 inlet 500 4.73
Koura, [46] Solar chimney integrated in a 700 5.373
room with 1.0 x 0.2 m? 1.0 x 0.2
800 -
Abdallah et al. Numerical New Assiut length of the chimney is 2 m 500 3.9
[47] City- egypte with inlet 1.0 x 0.2 m? and the 700 471
inclination angle 50° 800 5
Haghighi and  Numerical iran solar chimney with the length of 500 4.72
Maerefat [27] 3.125 m, width of 4.0 m and air 700 5.55
gap of 0.2 m 800 i
Present work  Experimental ouargla-algeria solar chimney integrated in stone 500 4.56
room at 45° and 0.6 x0.25 m? 700 5.82
800 6.6
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Figure 6(a). In contrast, the difference between the lowest
and highest relative humidity values in the hollow brick
room was about 3.2%, as shown in Figure 6(b).

The study also found that the maximum indoor relative
humidity in the stone room was 27.7% without a solar chim-
ney and 22.4% with a solar chimney. In the hollow brick
room, the relative humidity was 23.2% without a chimney and
17.6% with a chimney, as illustrated in Figures 6(c) and (d)
(To create an acceptable comfort zone, humidity values should
range between 40 and 60%). At 01:30 PM, the lowest humid-
ity recorded using the chimney was 11.5%. As for the room
without a chimney, the humidity was 20.5%, a difference of
9% in the local stone room. In the brick room, the difference
in humidity between a room equipped with a chimney and
without one was 5.4%. As ventilation speed increases, relative
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humidity decreases, particularly evident with the solar chim-
ney set at an inclination angle of 45° and an air gap of 25 cm.

Cost Saving

An evaluation of the cost savings from using a solar
chimney as a ventilation system was conducted for a living
room with an area of 27 m*.The analysis involved compar-
ing the energy costs of ventilating this area using mechan-
ical ventilation (fan) versus using energy generated from
the solar chimney, based on rates provided by the Algerian
Ministry of Electricity (Sonelgaz) [48]. Table 5 illustrates
the total energy costs for ventilating a living room during
the summer months using mechanical ventilation com-
pared to a solar chimney. An economic study for a family
home with three rooms, each equipped with its own ven-
tilation system. The results indicate cost savings ranging
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Figure 6. Evolution of rooms’ relative humidity with time (a) local stone (b) hollow brick (c) stone room: with and without

chimney (d) brick room: with and without chimney.
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Table 5. The overall electricity costs used by mechanical ventilation (fan) compared to the solar chimney

Month ventilation with fan ventilation with solar chimney Gain(USD)
Living room Home with 3 rooms Living room Home with 3 rooms
energy (Kwh) cost (USD) cost (USD) energy (Kwh) cost (USD) cost (USD)
May 10.8 0.432 1.296 1.68 0.0672 0.2016 1.0944
June 16.2 0.648 1.944 2.52 0.1008 0.3024 1.6416
July 19.53 0.7812 2.3436 3.038 0.12152 0.36456 1.97904
August 18.45 0.738 2.214 2.94 0.1176 0.3528 1.8612
September 11.25 0.45 1.35 1.75 0.07 0.21 1.14
from $1.0944 in May to $1.97904 in July, with total savings control and air exchange rates. The findings highlight
of $7.71624 over the summer. the importance of selecting appropriate materials to
optimize passive solar ventilation for better energy effi-
i d indoor environmental comfort.
CONCLUSION oy o .
4. Solar Radiation as a Driving Force: The effectiveness

This research investigated the thermal behavior of two
small rooms constructed from different materials, specifi-
cally local stone and hollow brick. Each room featured an
integrated rooftop solar chimney designed to optimize ven-
tilation rates. The study measured variables such as indoor
air temperature, the velocity of air entering the solar chim-
ney, solar energy intensity, absorbed temperatures, room
relative humidity, and overall atmospheric conditions.
Various engineering factors that influence system perfor-
mance were considered, including the solar chimney’s incli-
nation angle, the size of the air gap, and the environmental
conditions. The focus was on how these factors affect air
changes per hour (ACH), average humidity, and air veloc-
ity within the room. Experimental studies on induced nat-
ural ventilation were conducted, and the findings were as
follows:

1. Optimal Solar Chimney Installation and Design: Solar
chimneys with a 45° inclination angle and a 25 cm air
gap were shown to be the most effective configuration
across various metrics, including air changes per hour
(ACH), temperature control, and relative humidity
management. This angle aligns optimally with solar
radiation patterns to maximize energy absorption,
thereby improving the chimney’s ventilation efficiency.
Inclination Angle: The angle of inclination is a cru-
cial installation factor that significantly influences the
performance of the chimney by affecting the amount
of solar radiation the absorber receives. Adjusting this
angle can enhance the chimney’s efficiency by up to
20%. Additionally, the air gap, as a configuration factor,
contributes to a 14% improvement in performance.

Impact of Building Material: The study demonstrated
that building materials significantly influence thermal
management in buildings, with local stone outperform-
ing hollow bricks in thermal insulation. This results in
more stable indoor temperatures and enhances solar
chimney efficiency by 15% through improved humidity

of the solar chimney is closely tied to the intensity of
received solar radiation. Peak ventilation performance
corresponds with the highest solar intensities, affirm-
ing that solar chimneys are highly effective in regions
with abundant sunlight. As solar radiation increases,
it boosts the air’s thermal energy within the chimney,
enhancing buoyancy and facilitating more effective air
exchange.

Finally, the economic analysis offers a promising per-
spective on cost savings. Utilizing solar chimneys for venti-
lation significantly lowers energy costs during the summer
months, confirming the solar chimney’s role as a sustain-
able and economically viable option for enhancing indoor
environmental quality.

NOMENCLATURE

@)

Specific heat capacity of a component i (kJ/kg.K)
Hydraulic diameter (m)

Thickness of a component i (m)

Conductive heat transfer coefficient (W/m?2.K)
radiative heat transfer coefficient (W/m?K)
Convective heat transfer coefficient (W/m?2K)
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Greek symbols

A thermal conductivity (W/m.K)
T transmissivity

o Absorptivity

p Density (kg/m?)

0 tilt angle (Degree (°))
g gravity acceleration

B expansion volume coefficient
Subscripts

ACH Air changes per hour
a Ambient

F Fluid (air)

G Glass, glazing, gap

Gc  Glass Cover

Gr  Ground

In Insulator

p Plate

Th  Thermal

U Useful

w Wind

0 outlet
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