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various parameters, such as Richardson (Ri) and

Home, Cavity, Ventilation. Reynolds (Re) numbers, along with two distinct
ventilation inlet positions: Case 1 at (x=0, y=0.9) and
Case 2 at (x=0, y=0.1).

Simulations are performed using a numerical code based on the Galerkin finite element
method and the Boussinesq approximation. The findings suggest that an upper ventilation
location significantly enhances airflow circulation and improves heat transfer by 20% compared to
lower ventilation. For Ri values within 2.5<Ri<5, forced convection is predominant, accelerating
airflow velocity by 35%. In contrast, at Ri=10, natural convection takes over, creating a 40% higher
thermal gradient. Additionally, an increase in Reynolds number from 100 to 500 results in a 25%
improvement in convective heat transfer. Lastly, the solar chimney configuration boosts ventilation

efficiency by 30%, underscoring its potential to enhance indoor air quality in residential buildings.
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1. INTRODUCTION

In 2023, residential energy consumption accounted for approximately 30% of total energy
consumption in the world and contributed approximately 27% of total greenhouse gas emissions.
The situation is very different in developing countries, where residential sector consumption may
up to 60%. [1] In Algeria, the residential sector is estimated to consume approximately 39% of the
country’s electricity and contributed approximately 18.7% of total greenhouse gas emissions. It
is therefore responsible for an estimated 28.2 Mtons of CO2 annually. [2] In light of the growing
challenges associated with rising energy consumption and the depletion of traditional resources,
there is an increasing need to adopt sustainable and efficient solutions in the residential sector,
which is one of the largest energy-consuming sectors. Solar energy technologies, whether
passive systems based on architectural design such as natural ventilation and solar lighting, or
active systems like photovoltaic panels and solar water heaters, are among the most promising
solutions to achieve this goal. Integrating these technologies helps reduce dependence on fossil
fuel sources, lowers long-term economic costs, and mitigates harmful emissions that negatively
impact the environment. Therefore, adopting solar energy systems in residential buildings is
not only an environmental choice but also an economic and strategic necessity on the path to
achieving sustainable development. [3]

The integration of solar energy into building design has become a key focus in sustainable
architecture, attracting growing interest in recent years. “Solar architecture” refers to an approach
that seamlessly incorporates solar technologies into buildings to optimize energy utilization. [4]
This concept merges architectural design with advanced solar systems to enhance energy efficiency
and sustainability. There are multiple strategies for integrating solar energy into buildings. One
method involves the implementation of building-integrated solar thermal systems (BISTs) and
building-integrated photovoltaic systems (BIPVs). [5] BISTs contribute to heating, cooling, and
domestic hot water supply, whereas BIPV's facilitate electricity generation [6]. Another innovative
approach incorporates a modular, multi-layered combination of building shielding, insulation,
and solar energy collection components. [7] This study is particularly significant in regions with
hot climates, as it helps reduce dependence on artificial air conditioning, leading to lower energy
consumption and reduced carbon emissions. By adopting solar energy solutions, this study
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aims to promote sustainable building practices and achieve more efficient energy consumption,
supporting efforts toward a more sustainable and eco-friendly environment. [8] Compared to
conventional photovoltaic/thermal (PV/T) systems, this design improves thermal efficiency by
approximately 8.49% and electrical efficiency by 0.31%. [9]

Solar chimneys operate through three key components: transparent glazing, an air cavity, and
a solar-absorbing wall. When sunlight penetrates the glazing, it heats the air within the cavity
by transferring energy from the absorbing wall Nguyen et al. [10] Additionally, integrating
thermal energy storage and passive heating techniques can further optimize the performance of
solar chimneys, offering an energy-efficient alternative to conventional climate control systems
Ibrahim etal. [11] This thermal buoyancy effect efficiently expels hot air while drawing in fresh air,
significantly improving airflow within the building. By incorporating techniques such as thermal
energy storage and passive heating, solar chimneys enhance both cooling and heating efficiency.
Salamah et al. [12] carried out a techno-economic study on solar energy technologies in Libyan
residential areas, concentrating on solar water heating systems and grid-connected photovoltaic
setups. This research is significant due to its practical and data-driven analysis of the feasibility
of renewable energy solutions in Libya, especially in light of the country’s ongoing energy
challenges. The results showed considerable long-term cost savings and a significant reduction
in CO, emissions, emphasizing the importance of solar technologies in aiding the transition to
sustainable, low-carbon energy systems. Consequently, this study provides a valuable resource
for research focused on enhancing energy efficiency and promoting the integration of renewable
energy in regions with abundant sunlight.

Their effectiveness is particularly notable in regions with extreme climates, where they help
reduce energy consumption while maintaining indoor comfort. [13,14] This study examines the
performance and potential of solar chimneys for both cooling and ventilation, especially when
integrated with additional energy-efficient strategies. Their benefits are particularly significant
in regions with harsh climates, where they contribute to reduced energy consumption while
maintaining indoor thermal comfort Brito-Coimbra et al. [15] Furthermore, the investigation
of solar chimney power plants (SCPP) relies on a thorough understanding of heat transfer
phenomena. Several studies have analyzed the underlying heat transfer mechanisms. For instance,
a numerical study conducted by Brahmi et al. [16] examined natural convection within square
porous irregular cavities using the Galerkin finite element method. The findings revealed that
sinusoidal vertical walls enhance heat transfer more effectively compared to concave or convex
walls. Additionally, another numerical analysis by Brahmi et al. [17] explored the geothermal
performance of optimal soil properties for greenhouse applications. This study modeled steady
free convection within a two-dimensional cavity, partially filled with a porous layer, incorporating
three embedded hot pipes beneath a semi-elliptical upper boundary. Using the Galerkin finite
element method, the research analyzed parameters such as Rayleigh numbers, Darcy numbers,
and porosity. The results indicated that heat transfer improves with increasing Rayleigh numbers
and permeability, while Darcy numbers significantly influence heat transfer at higher Rayleigh
values.

To explore the impact of solar chimneys and mixed convection on improving natural ventilation
and energy efficiency in buildings, a mathematical model was developed to evaluate the
performance of a solar chimney, taking into account both thermal and geometric considerations.
Their experiments tested a prototype under different conditions, examining air velocity and
temperature variations based on solar radiation. Bassiouny et al. [18] investigated the impact of
chimney inlet size and width on ventilation. Their numerical analysis revealed that chimney width
has a greater effect on the air change rate (ACH) than inlet size. Kalfali et al. [19] studied solar
chimney ventilation under mixed convection, highlighting its potential for sustainable building

Solar Energy and Sustainable Development, Votume (14)- N (1). June 2025 450



Mahmoud Kalfali et. al.

design. Shi et al. [20] Conducted a comprehensive study to identify the key factors influencing
the performance of solar chimneys in buildings. Their research examined various design
parameters, environmental conditions, and operational aspects affecting ventilation efficiency
and thermal performance. The study highlighted critical factors such as chimney height, width,
absorber material, glazing type, and ambient temperature. The findings indicate that optimizing
these parameters can significantly enhance airflow rates and energy efliciency. Additionally, the
study emphasized the importance of integrating solar chimneys with other passive ventilation
strategies to improve building sustainability.

Ali J. Chamkha et al. [21] examined mixed convection in a vented cavity, demonstrating
that increased airflow enhances heat transfer, thereby improving ventilation performance.
Understanding mixed convection is crucial for optimizing natural ventilation, reducing energy
consumption, and enhancing indoor air quality. Our study will focus on solar chimneys and
propose integrating turbines to generate electricity, contributing to more energy-efficient and
sustainable buildings. Saha et al. [22] investigated mixed convection in an enclosure with
different inlet and exit configurations. Their study analyzed how airflow patterns and heat
transfer are influenced by various inlet and outlet placements. The results showed that the
configuration of these openings significantly affects temperature distribution and convection
efficiency. The research provides insights into optimizing ventilation and cooling performance
in enclosed spaces. Rahman et al. [23] conducted a numerical study on mixed convection in a
square cavity containing a heat-conducting square cylinder placed at different locations. Their
research examined how the position of the cylinder affects heat transfer and fluid flow within the
cavity. The findings revealed that cylinder placement plays a crucial role in convection efficiency,
influencing temperature distribution and circulation patterns. This study contributes to the
optimization of thermal management in enclosed spaces.

Through this research, our study will highlight the crucial role of mixed convection in home
ventilation, focusing on the use of solar chimneys to enhance and strengthen air movement
within inhabited spaces. We will examine how mixed convection promotes the efficiency of
natural ventilation by optimizing airflow through the chimneys. Additionally, we propose the
integration of turbines into these solar chimney systems, allowing for the generation of electrical
energy for homes. This approach not only harnesses the movement of air within the chimney but
also contributes to a more sustainable use of energy resources while improving indoor air quality
and thermal comfort for occupants. By combining these elements, our study aims to demonstrate
how mixed convection and innovative ventilation technologies can play a key role in the design
of more sustainable and energy-efficient homes.

2. COMPUTATIONAL MODEL DESCRIPTION

2.1. Physical model configuration

Figure 1 depicts the configuration under study, which features a cavity designed to simulate a
house equipped with a solar chimney. In this arrangement, the hot wall of the house is situated
next to the thermal chimney, while the cold wall at the inlet is exposed to incoming airflow at a
predetermined temperature. The primary objective of this study is to investigate the effect of the
inlet location on the efficiency of ventilation within the house. By analyzing how various inlet
positions affect airflow dynamics, we aim to deepen our understanding of the natural ventilation
mechanisms inherent in this architectural design.

The dimensions of the house are specified as follows: the length (L = 1) is equal to the height
of the solar chimney, and the inlet width is (W=d = 0.1L), which also corresponds to the gap
between the chimney and the house. Additionally, the house is topped with a dome that has a
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height of (h = 0.2L).

To streamline the physical model while maintaining accuracy, the flow is assumed to be
two-dimensional, steady-state, and laminar. The fluid is considered incompressible, with
thermophysical properties remaining constant, except for density, which is assumed to vary
linearly with temperature according to the Boussinesq approximation. This approximation is
applied within the fluid domain and in the volumetric force terms. The analysis incorporates a
Prandtl number of (Pr = 0.71), a Reynolds number ranging from 100 to 500, and a Richardson
number varying between 2.5, 5 and 10. These parameters facilitate an efficient assessment of the
governing thermal and flow dynamics.

|

Inlet
U,Te =

Chimney
solar

Chimney
solar

Inlet |
U, Te=—*| W

> X

Figure 1. Schematization of the physical model.

2.2. Mathematical formulation

Based on the assumptions outlined above, the governing equations for the flow are the continuity,
momentum, and energy equations. These equations can be expressed in their dimensional form
as follows [23]:

Continuity equation:
a_u + Q =0 ( 1)
ox Oy

Momentum equations along x and y axis:

2 2
you ou__10P nufou Ou (2a)
ox oy pox plaxt o
2 2
u@ @:_la_P+ﬁ 8_\;4_(9_\;‘ +ﬂg(T—Tc) (219)
ox Oy poy plox” oy
Energy equation:
2 2
ua—T+va—T=a 8T+8T (3)
ox oy ox> oy’

The formulations for the reduced variables used in the dimensioning of equations (1-3), as well
as the Reynolds, Grashof, Prandtl, and Richardson numbers, are as follows [24]:
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The dimensionless governing equations are expressed as follows [24,25]:
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The expression for the avarge Nusselt number is given by [26]:
Nu = —% (8)
on

0
Where, 5, denotes the non-dimensional derivative in the direction perpendicular to the surface

in consideration and the I below represents the length of the wall.
The expression for the avarge Nusselt number is given by [26]:
1 ¢!
Nu =—7J.0Nu.dx (9)

avg

2.3. Boundary Conditions

To achieve a realistic simulation of flow and heat transfer, appropriate boundary conditions are
integrated into the computational model. The specific boundary conditions implemented in the
model include the following:

The inlet boundary conditions are specified at two points: Case 1 at (x =0, y = 0.9) and
Case 2 at (x =0,y =0.1). For both cases, the velocity components are defined as U =1and V =0,
with the temperature 0 set to 0.

At the outlet boundary located at (x = 1.1, y = 1), the pressure is specified as P=0.

The boundary conditions are defined as follows: at the cold wall located at (x = 0,y = 1),
both velocity components (U and V) are zero, and the temperature, 0, is also zero. Meanwhile,
at the hot wall positioned at (x = 1, y = 1), the velocity components remain U= V = 0, but the

temperature increases to 0 = 1.

Inlet: U=1,V=0and6=0 (10a)
Cold wall: U=V=0and 6=0 (10b)
Hot wall: U=V=0and0=1 (10¢)
Outlet : Pressure P=0 (10d)
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3. NUMERICAL SIMILATION

We have used COMSOL Multiphysics®, a commercial software based on the finite element technic.
The governing Equations (4-7), including the set of boundary conditions as mensioned in the
section 2.3, were treated. Where the mesh inside the computational model follows a triangular
grid, we use the weak form of the governing equations using the (GFEM) Galerkin finite element
method. Velocity components and pressure are Discretized choosing P2-P1 Lagrange finite
elements with Lagrange-quadratic finite elements for the temperature.

Figure 2. Mesh representation of the computational domain.

Table 1. Flow characteristics for different grids (Ri=10, Re=100 and Pr=0.71).
Mesh 6055 108350 273570 305750
Nuavg 5.965 5.673 5.643 5.642

To evaluate the thermal performance of a solar chimney system, the average Nusselt number was
determined using a cavity model that simulates a simplified house with an integrated thermal
chimney. In this setup, the hot wall is positioned adjacent to the chimney, while the cold wall
at the inlet is exposed to ambient air flow at a constant temperature. The numerical simulation
utilized appropriate approximations within the fluid domain and accounted for the effects of
volumetric forces. For a representative analysis, key dimensionless parameters were set at Ri = 10,
Re =100, and Pr=0.71, detailed in Table 1. A triangular mesh structure (see Figure 2) was used to
accurately capture the flow and thermal gradients within the cavity. A mesh of 305,750 elements
was chosen based on independence testing to ensure both reliable results and computational
efficiency.

3.1. Model validation

To assess the performance of the mixed convection network, we replicated the study conducted
by Chamkha et al [21]. which analyzed mixed convection heat transfer within a square vented
cavity containing a heated horizontal square cylinder. In this investigation, the airflow within the
cavity was assumed to be two-dimensional, steady, and incompressible, with constant physical
properties, except for density, which was treated using the Boussinesq approximation. The
comparison specifically examines a scenario where the Richardson number (Ri) ranges from
2.5 to 10, the Prandtl number (Pr) is set at 0.71, and the Reynolds number (Re) is fixed at 50.
The data points for this comparison are presented in Figure 3. The results indicate excellent
agreement, with the values converging closely and exhibiting an extremely small margin of error.
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This comparison not only validates our findings but also ensures consistency with established
results in the field of mixed convection heat transfer, reinforcing the reliability of our analysis.

Table 2. Comparisons of the average Nusselt number (Chamkha et al.)
present results at 2.5 < Ri < 10, Re = 200 and Pr = 0.71.

Ri 2.5 5 10
Nuavg Chamkha et al. 2.119 2.500 2.890
Nu.yg present results 2.132 2.522 2.903

(a)

(b

S’

(a)

(b)

Figure 3. Comparisons of Stream function and temperature contours. (a) Chamkha et al [21].
(b) present results at 2.5 < Ri < 10, Re = 50 and Pr = 0.71.

4. RESULTS AND DISCUSSION

This section details the computational findings related to laminar convective flow and heat
transfer in a home featuring a thermal chimney, analyzed across two distinct scenarios. The
study explores the thermal interactions between natural and forced convection, with the hot wall
adjacent to the thermal chimney and the cold air entering through the inlet influencing the flow
dynamics. The results are presented through contours of velocity magnitude and isotherms, as
well as isoclines of Stream function and the variation of the average Nusselt number. Additionally,
the local Nusselt number is assessed over a range of Richardson numbers (2.5 < Ri < 10) and
Reynolds number (Re) ranges from 100 to 500, offering valuable insights into the heat transfer
characteristics of the system.

455 Solar Energy and Sustainable Development, Volume (14) - No (1). June 2025



Numerical Investigation on Mixed Convection Phenomenon Within a 2D Cavity Shaped Home Containing Solar Chimney.

4.1. Discussion of velocity magnitude results

Ri=2.5 Ri=5 Ri=10

Casc 1

Ri=2.5 Ri=5 Ri=10

Casc 2

Figure 4. Velocity Magnitude for Both Cases at Pr = 0.71.

The results presented in Figure 4, which analyze both study cases concerning the position of the
ventilation inlet, reveal significant variations in airflow dynamics. When the inlet is positioned
at the top, the airflow inside the house follows a circular trajectory, with significantly higher
velocities than in the second configuration, where the inlet is placed at the bottom. Moreover,
the velocity within the thermal chimney reaches its maximum in the first case, which can be
attributed to variations in pressure and temperature, as well as the chimney’s function in enhancing
ventilation and air circulation. Consequently, this configuration allows for a more effective
evaluation of the air exchange rate within the indoor environment. Additionally, the findings
underscore the impact of the Richardson number (Ri) on airflow behavior, particularly within
the range of 2.5 < Ri < 10. The results indicate that at lower Ri values within this range, forced
convection is the dominant mechanism, leading to higher airflow velocities. As Ri increases,
buoyancy forces gradually become more influential, causing a reduction in airflow velocity and
shifting the flow characteristics toward natural convection dominance. Furthermore, the effect
of the Reynolds number (Re) on airflow characteristics is evident. When comparing Re = 100
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and Re = 500, a significant increase in air velocity is observed at the higher Reynolds number.
This increase enhances air circulation and heat transfer efficiency, contributing to improved
indoor ventilation. These results emphasize the critical role of both the Richardson and Reynolds

numbers in governing airflow dynamics and highlight the intricate interaction between natural
and forced convection in indoor ventilation systems.

4.2. Discussion of Stream function and temperature contours

In forced convection heat transfer, buoyancy effects are inherently present and interact with
forced flow.

forced flow.

Figure 5. (a) Stream function, (b) temperature contours case 1 at Pr = 0.71.

Ri=2.5 Ri=5 Ri=10

Re=100
(a)

Re=500

Re=100

(b)
Re=500

Figure 6. (a) Stream function, (b) temperature contours case 2 at Pr = 0.71.
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When buoyancy forces are relatively weak, forced convection dominates the heat transfer process,
whereas stronger buoyancy forces lead to the dominance of natural convection. In cases where
both mechanisms contribute significantly to the flow behavior, the process is classified as mixed
convection, with the Reynolds number (Re) and Richardson number (Ri) serving as the primary
controlling parameters.

This study investigates the effect of Re and Ri on airflow dynamics inside a house-shaped cavity.
The results presented in Figures (5.a) and Figures (6.a) illustrate the streamlines different values
of Re and Ri under varying ventilation inlet conditions. The findings indicate that increasing
Re mitigates the influence of the hot wall and enhances convective heat transfer. At Re = 100, a
small vortex appears in the center of the cavity, which intensifies and expands with increasing Ri.
When Re is increased to 500, the vortex structure evolves into a larger and more distinct pattern,
highlighting the dominance of forced convection in shaping the airflow. Regarding Ri, at Ri = 2.5,
buoyancy effects become more pronounced, promoting vortex formation within the cavity. As
Ri increases to 5, the vortex size expands, particularly at Re = 500, due to enhanced buoyancy-
driven effects. At Ri = 10, buoyancy forces predominantly govern the flow behavior, resulting
in a convective regime primarily dictated by natural convection. These results emphasize the
intricate interplay between forced and natural convection, underscoring the crucial roles of both
Re and Ri in determining airflow patterns and heat transfer characteristics within the system. At
the chimney, the velocity streamlines exhibit a linear and dense pattern, which becomes more
pronounced as the Reynolds number (Re) increases. This behavior indicates that higher Re
values enhance the flow momentum, leading to a more structured and intensified airflow within
the chimney. The increased velocity facilitates the efficient removal of heated air, reinforcing the
dominance of forced convection in this region. Consequently, as Re rises, the chimney plays
a more significant role in expelling hot air, improving ventilation, and enhancing overall heat
transfer efficiency within the system.

Figures (5.b) and Figures (6.b) show the distribution of isotherms for low Reynolds (Re) numbers
(Re < 2000) and Richardson (Ri) under different ventilation inlet positions in the studied house
model. The upper sections of these figures show a curved isotherm pattern, demonstrating heat
propagation from the hot wall adjacent to the thermal chimney throughout the indoor space.
As Ri increases, this heat transfer becomes more pronounced, facilitating the movement of heat
from hotter to cooler zones. Conversely, when Re rises to 500, the spacing between isotherms
increases, indicating the growing influence of forced convection, which enhances both ventilation
effectiveness and heat transfer efficiency. The findings also highlight that isotherm density is
higher in the upper part of the house, particularly in the dome region, while it decreases in the
lower section. This behavior is a result of natural buoyancy, where warmer air rises due to its lower
density, while cooler air remains near the floor. Additionally, ventilation from the upper inlet
leads to a more uniform temperature distribution across the space, whereas bottom ventilation
results in a relatively cooler lower region. The Richardson number (Ri) is a key parameter in
evaluating ventilation performance and thermal energy distribution. Its effect on temperature
distribution can be categorized as follows: For 2.5 < Ri < 5, forced convection remains dominant,
leading to a more uniform temperature distribution. Increased airflow facilitates heat dissipation,
preventing localized hot spots. At Ri = 10, buoyancy-driven flow governs the system, causing
significant thermal stratification. Warm air accumulates near the ceiling while cooler air remains
at the bottom, potentially leading to thermal discomfort and reduced efficiency of heating and
cooling processes.
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4.3. Local Nusselt number

Local Nusselt number

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Y

Figure 7. Variation of the local Nusselt number along the cold wall for Case 1.
For different Ri and Re=100, Pr=0.71.

22

18

16 |-

14
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lof

Local Nusselt number

Figure 8. Variation of the local Nusselt number along the cold wall for Case 2.
For different Ri and Re=100, Pr=0.71.

Figures 7,8 and 9 show the variation of the local Nusselt number along the cold wall at the
ventilation inlet for both the top and bottom ventilation configurations, as well as along the hot
wall adjacent to the thermal chimney. These figures highlight the influence of the ventilation inlet
position and Richardson number (Ri) on heat transfer characteristics.

For the top ventilation case, the Nusselt number initially shows a low value at the beginning
of the cold wall, then increases towards the middle due to heat exchange. After this increase, it
gradually decreases before reaching the ventilation inlet at the top, where it rises again due to the
effect of the incoming airflow.
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22

Local Nusselt number
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Figure 9. Local Nusselt number on hot walls for different Ri and Re=100, Pr=0.71.

In contrast, for the bottom ventilation configuration, the Nusselt number increases gradually
from bottom to top, reaching its maximum value near the top section of the cavity. This trend
indicates that heat transfer is significantly affected by the airflow direction and buoyancy effects,
resulting in distinct thermal behaviors depending on the ventilation strategy.

For the hot wall, no significant difference is observed when changing the ventilation inlet position.
However, the Nusselt number reaches its highest value at the opening connecting the house to the
thermal chimney. This increase is attributed to the enhanced heat exchange inside the chimney,
which facilitates the removal of hot air and enhances cooling. After this point, the Nusselt number
gradually decreases along the upper section of the hot wall. These results confirm the critical role
of the chimney in heat dissipation and its impact on the overall thermal performance of the
system. Additionally, the results indicate that the Nusselt number (Nu) increases with higher
Richardson numbers (Ri), reflecting the influence of buoyancy-driven forces on heat transfer.
As Ri increases, natural convection effects become more pronounced, enhancing heat exchange
within the cavity. This relationship highlights the strong interplay between buoyancy and forced
convection in determining the overall thermal behavior of the system.

4.4. Average Nusselt number

Table 3. Shows the average Nusselt number for different Richardson values at the cold wall.
(Re=100 and Pr=0.71).

Ri 2.5 5 10
Nuavg Case 1 2.275 2.891 3.654
Nuavg Case 2 0.860 1.346 1.980
Table 4. Shows the average Nusselt number for different Richardson values at the hot wall.
Ri 2.5 5 10
Nuavg Case 1 4.660 5.235 5.697
Nuavg Case 2 3.971 4.384 4.864

Solar Energy and Sustainable Development, Votume (14)- N (1). June 2025 460



Mahmoud Kalfali et. al.

The findings indicate that the average Nusselt number (Nuavg) increases with the Richardson
number (Ri) at both the cold and hot walls for the different ventilation configurations,
highlighting the significant role of buoyancy-driven convection in enhancing heat transfer. In
Case 1, where the ventilation inlet is positioned at the top, Nuavg rises from 2.275 at Ri = 2.5 to
3.654 at Ri = 10 at the cold wall, and from 4.660 to 5.697 at the hot wall, demonstrating that top
ventilation facilitates better convective mixing and heat dissipation due to stronger buoyancy
effects. Conversely, Case 2, featuring a bottom ventilation inlet, shows considerably lower Nuavg
values, increasing from 0.860 to 1.980 at the cold wall and from 3.971 to 4.864 at the hot wall,
suggesting that bottom ventilation results in weaker thermal exchange as the incoming cooler air
does not interact as effectively with the warmer interior. The higher Nusselt numbers observed
in Case 1 confirm that top ventilation enhances natural convection effects more efficiently than
bottom ventilation, where heat transfer is less effective. Overall, these results emphasize the
critical influence of the ventilation inlet position on heat transfer performance, with buoyancy-
driven flow becoming more dominant at higher Ri, particularly when ventilation is sourced from
the top, thereby enhancing heat dissipation in the system.

5. CONCLUSION

This study emphasizes the significant role of solar energy in improving natural ventilation in
buildings through the use of a solar chimney. The solar chimney is essential for enhancing cooling
efficiency by boosting natural airflow within structures. The findings show that the placement of
the ventilation inlet greatly impacts airflow dynamics and heat transfer. Notably, top ventilation
enhances airflow, increases heat removal, and improves overall ventilation efficiency compared
to bottom ventilation.

At lower Richardson numbers (2.5 < Ri < 5), forced convection is predominant, resulting in
higher airflow velocities and more uniform temperature distribution. As Ri rises to 10, buoyancy-
driven convection becomes more significant, leading to stronger thermal stratification within
the space. Furthermore, increasing the Reynolds number from 100 to 500 boosts convective
heat transfer, particularly in Case 1, where intensified airflow promotes better mixing and more
effective heat dissipation. The solar chimney plays a crucial role by generating buoyancy effects,
aiding the upward movement of warm air and expelling it from the interior, thereby enhancing
the ventilation system’s overall performance.

The solar chimney illustrates a practical application of solar energy in architectural design.
Optimizing its orientation, height, and solar exposure area can substantially improve its thermal
performance. This allows the chimney to capture solar energy effectively, stimulate natural airflow,
minimize dependence on mechanical ventilation, and enhance the building’s energy efficiency.
Consequently, the solar chimney acts as an efficient passive cooling system and sustainable energy
solution, supporting the advancement of energy-efficient residential architecture.
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NOMENCLATURE

Pr: Prandtl number B: thermal expansion coefficient, 1/K.

Re: Reynolds number
Ri: Richardson number
Nu: Nusselt number

K: thermal conductivity of fluid, W/m°C.

a: thermal diffusivity, m*/s.

v: kinematic viscosity, m*/s

T: dimensional temperature, C
P : dimensional pressure, N/m*
p: density of the fluid, kg/m’.

L: Length of the cavity.

g: gravitational acceleration, m/s”.

X, Y: dimensionless Cartesian coordinates
U: dimensionless velocity component in
x-direction.

V: dimensionless velocity component in
y-direction.

0: dimensionless temperature.
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