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ABSTRACT

This study aims to optimize the influence of the inlet inclination angle on the Indoor Air Quality (IAQ), heat, and
temperature distribution in mixed convection within a two-dimensional square cavity filled with an air-CO2 mix-
ture. The air-CO2 mixture enters the cavity through two inlet openings positioned at the top wall, which is set at
the ambient temperature (TC). Three values of the Reynolds numbers, ranging from 1000 to 2000, are considered,
while the Prandtl number is kept constant (Pr = 0.71). The temperature distribution and streamlines are shown
for Rayleigh number (Ra) equal to 104, three inlet inclination angles ϕ (0, π/6 and π/4) and three CO2 concen-
trations values (1500, 2500, 3500 ppm) applied at both hot vertical walls (maintained at a constant temperature
TH). A finite volume method is used under the assumption of two-dimensional laminar flow to solve the Navier-
Stokes and energy equations. The results indicate that inlet inclination angle has an impact on the indoor air qual-
ity (IAQ), which, in turn, affects the heat transfer distribution and thermal comfort within the cavity.
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Nomenclature
C0 Reference concentration (ppm)
CH Hot concentration (ppm)
Cin Concentration at the inlet port (ppm)
Cm Mean concentration at the middle of the cavity (ppm)
CO Carbone monoxide
Cout Concentration at the outlet sort (ppm)
CTh Threshold concentration (ppm)
CO2 Carbone dioxide
H Height of the cavity (m)
IIAQ Indoor air quality index
L Width of the inlet sort (m)
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L Width of the cavity (m)
NO2 Nitrogen dioxide
P Pressure (pa)
P Dimensionless pressure
Pr Prandtl number (-)
Ra Rayleigh number (-)
Re Reynolds number (-)
Ri Richardson number (-)
TC Cold temperature (K)
TH Hot temperature (K)
Tin Temperature at the inlet port (K)
Tm Mean temperature at the middle of the cavity (K)
Tout Temperature at the outlet sort (K)
ui Initial inlet velocity (m.s−1)
U Velocity component for x direction (m.s−1)
V Velocity component for y direction (m.s−1)
W Width of the outlet sort (m)
x,y Cartesian coordinates (m)
X,Y Dimensionless coordinates

Abbreviations
CFD Computational Fluid Dynamic
EFCS Efficiency factor contaminant source
EPA Environmental Protection Agency
IAQ Indoor Air Quality
OH Over Head system
PM Particulate matter
PV Personal ventilation
UFAD Under Floor Air Distribution
VOCs Volatile Organic Compounds
VRF-SV Variable Refrigerant Flow integrated Stratum Ventilation
WHO World Health Organization

Greek Symbols
φ Inlet inclination angle (°)
Β Volumetric expansion coefficient (1/K)
f Dimensionless species’ concentration
βS Concentration expansion coefficient (βS = Co

−1) (m3.kg−1)
α Thermal diffusivity (m2.s−1)
μ Dynamic viscosity (kg.m−1.s−1)
ν Kinematic viscosity (m2.s−1)
Θ Dimensionless temperature
εT Temperature distribution effectiveness
εC Contaminant removal effectiveness
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1 Introduction

The World Health Organization (WHO) characterizes air quality as the threshold of air purity necessary
to uphold environmental balance and human well-being [1]. As per data provided by the Environmental
Protection Agency (EPA), people usually allocate about 93% of their time indoors, with 87% of their
existence occurring within built environments, 6% in transit, and a mere 7% outdoors [2]. Consequently,
the increasing prevalence of indoor activities compared to outdoor pursuits underscores the critical
importance of indoor air quality. This became a big concern starting in the late 1960s due to issues such
as radon dispersion, house dust, and formaldehyde exposure in the late 1970s. Various studies have
delved into the effects of COVID-19 on indoor air quality and thermal comfort in different environments.
Sloan Wood et al. [3] identified several strategies aimed at enhancing indoor air quality and mitigating
the transmission of airborne syndromes. These strategies encompass installing air filtration systems,
controlling temperature, managing humidity levels, and ensuring proper ventilation. In a review by
Lipinski et al. [4], the focus was on assessing the effectiveness of current ventilation and air conditioning
systems during the COVID-19 pandemic, particularly in buildings with high occupancy rates. Tzoutzas
et al. [5], in their study on healthcare clinics in Athens during the COVID-19 pandemic, evaluated the
performance of mechanical ventilation systems (air purifiers). The study specifically examined their
impact on reducing concentrations of Volatile Organic Compounds (VOCs), particulate matters (PM2.5,
PM10), and CO2. The results indicated the efficacy of air purifiers in reducing contaminants and
improving indoor air quality. Alicia et al. [6] conducted an analysis on the impact of the COVID-
19 pandemic on indoor air quality and thermal comfort in Spain during the winter season. Their study
focused on classrooms equipped with mechanical ventilation. Results revealed a reduction in CO2

concentration to 300 ppm when employing a hybrid system during the pandemic. In naturally ventilated
schools, a decrease to 400 ppm of CO2 concentration was observed throughout all teaching hours. In
another study, Rodriguez et al. [7] assessed the risks of COVID-19 and indoor CO2 levels in two
educational areas in central Spain by examining the ventilation conditions. Mechanical ventilation
demonstrated positive outcomes, particularly in reducing CO2 levels in university settings when
compared to secondary schools. Lovec et al. [8] conducted an assessment of the COVID-19 pandemic
impact on thermal comfort and indoor air quality in kindergarten classrooms in Slovenia. The study
spanned 125 days, covering both the period before and during the pandemic. Notably, a significant
reduction in CO2 concentration was observed when children spent only 30% of their time in the
classroom during the pandemic, indicating an improvement in indoor air quality facilitated by ventilation
protocols. In a separate study, Pietrogrande et al. [9] monitored Indoor Air Quality (IAQ) in two
dwellings over a two-week period. Their investigation included the kitchen and bedrooms during three
seasons: spring, summer, and winter. The findings indicated variations in mean indoor concentrations
depending on the season. Furthermore, an increase in the number of occupants, whether human or
animal, correlated with higher concentrations of Volatile Organic Compounds (VOCs). Additionally,
elevated CO2 levels, exceeding 1000 ppm, were detected during the spring season. In a post COVID-
19 pandemic, Buonomano et al. [10] proposed specific ventilation standards and demonstrated the effects
of various ventilation configurations that were studied to reduce the likelihood of indoor contagion.

Moreover, recent studies have shifted their focus towards reducing CO2 emissions by presenting various
solutions to enhance occupants’ well-being. This includes the utilization of environmentally friendly
construction materials such as fiber concrete, dried fibers of Luffa, recycled ceramic tiles, and the
incorporation of wood and bamboo. Himes et al. [11] conducted a comparison between a mass timber
and a conventional concrete-steel mid-rise building, revealing a unanimous reduction in emissions of
216 kg CO2 e/m

2 (floor area). Consequently, substituting mass timber for conventional building materials
could potentially yield a 9% reduction in emissions by the year 2030 if implemented in half of the
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buildings. Brandner et al. [12] employed mass timber as the primary construction material in mid and high-
rise buildings, concluding that an adequate mass timber capacity can meet the demands of the built
environment. In a study by Xu et al. [13], the CO2 reduction rate was analyzed by utilizing bamboo as an
ideal building material. When compared to cement, steel, timber, and engineered lumber, one cubic meter
of bamboo-assembled components was found to reduce 249.92 kg of CO2 emissions from the
atmosphere. Additionally, Belatrache et al. [14] investigated the impact of date palm waste in building
thermal insulation, revealing favorable results in terms of thermal comfort associated with date palm fiber.

Varied inlet and outlet positions serve as solutions to improve indoor air quality and achieve efficient
ventilation. To investigate this, Griffiths et al. [15] conducted a one-week study on the ventilation
performance in a classroom with natural ventilation during the summer season. They found that purge
ventilation proved to be a beneficial solution, leading to a reduction in CO2 concentration by 1000 ppm.
Lopez et al. [16,17] emphasized the advantages of the UFAD (Under Floor Air Distribution) ventilation
system in improving indoor air quality. A comparison with the traditional over head system (OH) led to
the conclusion that, for optimal thermal comfort and a cooler environment, it is advisable to position
return vents on both sides of the room. Jaszczur et al. [18] analyzed experimentally and numerically in
the occupied zone the impact of ceiling diffuser on air temperature distribution. In conclusion, the ceiling
diffuser performance was depending on the airflow rate as well as the geometrical construction of
diffuser. Abanto et al. [19] studied in computer room, the ceiling diffuser airflow distribution using
CFD model. Appropriate results were found in term of temperature and relative humidity inside the room
model. While Li et al. [20] investigated numerically the indoor air distribution for new ceiling diffuser
model. They found out that the improved model gave a less time-consuming and energy-saving than the
first model.

In Andalusia, Fernández-Agüera et al. [21] measured CO2 concentrations in 42 classrooms during
winter and midseason. Their study investigated the impact of trickle ventilation and open windows on the
health of 917 students. In cases where windows were closed, 42% of the study cases exhibited high CO2

concentrations (above 2000 ppm). Laaroussi et al. [22] conducted a numerical analysis of heat transfer in
a hall building, incorporating a heating and air conditioning system with two heat sources in the hall. The
study observed the effective efficiency of the air conditioning system in maintaining a low-temperature
level. In a simulation by Kong et al. [23] using computational fluid dynamics (CFD), a cubicle office
with and without personal ventilation (PV) was investigated. The study demonstrated the favorable
performance of personal ventilation (PV) systems under various airflow rates. Furthermore, Cai et al.
[24], utilizing the Efficiency Factor of Contaminant Source (EFCS), examined the performance of
ventilation systems, considering the influence of source position and evacuation modes. Their study
concluded by evaluating the impact of EFCS on emergency ventilation behavior. Yau et al. [25] examined
the variable refrigerant flow integrated stratum ventilation (VRF-SV) system on tropical building. They
concluded that, the supply air temperature has no impact on the VRF-SV system used with/without the
integrated approach. Thus, the system was fitting for this type of building (tropical application). Singh
et al. [26], investigating different inlet and outlet locations, altered these positions for six configurations
in a two-dimensional rectangular cavity under varying Reynolds (Re) and Richardson numbers (Ri).
Notably, the study revealed that for optimal cooling effectiveness, it is preferable to position the inlet at
the bottom of the cold wall and the outlet at the top of the hot wall. Koufi et al. [27] conducted a
numerical examination of mixed convection in a ventilated cavity filled with an air-CO2 mixture in a low
turbulent regime. The study considered three different CO2 concentrations (1000, 2000, and 3000 ppm)
and four configurations. The researchers concluded that one of the configurations was particularly
effective in removing CO2 contaminants, ensuring adequate temperature control within the cavity, and
exhibiting superior ventilation effectiveness compared to the other configurations. Similarly, Mostefa
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Tounsi et al. [28] conducted a numerical investigation, exploring the impact of inlet position on indoor air
quality and thermal comfort within a ventilated cavity filled with a mixture of air and CO2, considering
different CO2 concentrations and Reynolds numbers. The study highlighted the significant effect of the
inlet position on both temperature distribution and the indoor air quality index. Serrano-Arellano et al.
[29] conducted a study in a cavity filled with an air-CO2 mixture, examining various outlet configurations
(A, B, C, and D) with a constant air inlet opening across different Reynolds numbers (Re) ranging from 5
× 102 to 4 × 104. At Re = 1 × 104, a significant removal of contaminants was observed for case A
compared to the other configurations. In another study, Xamán et al. [30] explored laminar flow regimes
within a ventilated cavity filled with an air-CO2 mixture. The investigation considered three different CO2

concentration values and various configurations. For optimal thermal comfort and air quality, the latest
configuration demonstrated the most favorable performance. Gijon-Rivera et al. [31] conducted a
numerical study in a rectangular ventilated cavity filled with an air-CO2 mixture, analyzing conjugate
heat and mass transfer with ten configurations, considering various Reynolds numbers (Re), contaminant
sources, and Richardson numbers (Ri). The results indicated that the position and number of outlet types
have a notable impact on both heat and contaminant distribution. In addition, Carli et al. [32] investigated
the impact of inlet and outlet positions on contaminant distribution in an office room equipped with a
ceiling cooling system. The study observed a significant influence of the outlet position, particularly in
the context of variable displacement ventilation.

The previous literature review has consistently affirmed the significance of varied inlet and outlet
positions in influencing indoor air quality and thermal comfort in enclosed spaces. However, none of the
preceding studies have specifically investigated the impact of the inclination of the inlet angle on indoor
air quality. This paper presents three inclination angles, 0, π/6 and π/4, corresponding to the two inlet air
openings. The study considers variable Reynolds numbers (Re) ranging from 1000 to 2000 and three
different hot CO2 concentrations (1500, 2500, 3500 ppm) applied on both hot vertical walls. The two
inlet air gaps are positioned on the top wall of the cavity, while the two outlet configurations are located
at the bottom of the right and left walls. The main objective of this study is to evaluate the impact of the
inclination angle on temperature, and heat distribution as well as its influence on the removal of CO2

contaminants inside the cavity. Various characteristic parameters are calculated with the aim of illustrating
the effect of inlet inclination angle on enhancing optimal thermal comfort and air quality within the cavity.

2 Numerical Analysis and Modeling

Fig. 1 depicts a two-dimensional square cavity (L = H), within this cavity, fluid flow is introduced from
three distinct angles (φ): 0, π/6, and π/4. The ambient temperature (TC), Prandtl number (Pr) of 0.71, and
various Reynolds numbers (Re) ranging from 1000 to 2000 characterize the scenario. Both horizontal
walls exhibit zero heat flux, while the vertical walls maintain a constant hot temperature (TH) along with
three distinct CO2 concentrations (1500, 2500, and 3500). The outlet ports are positioned at the bottom of
both the right and left walls, with the inlet port size being expressed as half of the outlet size (l = 0.5 ×
w) and as 0.02 of the full cavity width (l = 0.02 × L). The flow is assumed to be laminar, employing the
Boussinesq approximation. The non-dimensional governing equations, species conservation equations
along with dimensionless parameters, are presented, including the expression for the inlet flow velocity in
terms of x and y components. The three characteristic parameters (εT, εC and IIAQ) are also defined in the
following equations:
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eT ¼ Tout � Tin
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Cm � Cin
(10)

IIAQ ¼ Cm � Cout

CTh � Cout
(11)

Figure 1: The model geometry
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2.1 Validation Procedure
To validate the obtained results, it is imperative to compare and verify them against existing data. De

Vahl Davis [33] conducted an analysis on natural convection in a dimensionless cavity with a varying
Rayleigh number within the range of 103 ≤ Ra ≤ 106. The study considered a Prandtl number (Pr) of
0.71 and a heat wall on one side of the cavity. The results of Numin and Numax, obtained using different
Rayleigh numbers (Ra) and various grid meshes (123 * 123, 223 * 223, 323 * 323, 370 * 370), were
meticulously compared with the values derived from De Vahl Davis’s benchmark as it illustrated in Table 1.

It was observed from Table 1 that the values of Numin and Numax stabilized and remained constant after
using a grid of 323 * 323. As a result, this mesh grid (323 * 323) was selected for the simulations due to its
consistency and agreement with the data presented in De Vahl Davis’s benchmark.

The present study was subjected to comparison with findings from De Vahl Davis [33], Koufi et al. [34],
and Zhao et al. [35], with a focus on parameters such as Numean, Numax, and Numin. The results obtained as it
shown in Table 2, for each Rayleigh number (Ra) within the range of 103 to 106 exhibited consistent
agreement between the present work and the referenced data. Identical Nu values were observed across
all categories, reaffirming the reliability and alignment of the outcomes from the current investigation
with the existing literature.

Table 1: The comparison grids results with De Vahl Davis data

Ra = 103 Ra = 104 Ra = 105 Ra = 106

Numin Numax Numin Numax Numin Numax Numin Numax

De Vahl Davis 0.692 1.505 0.586 3.528 0.729 7.717 0.989 17.925

123 * 123 0.691 1.506 0.585 3.530 0.728 7.718 0.975 17.535

223 * 223 0.692 1.505 0.586 3.529 0.729 7.716 0.977 17.538

323 * 323 0.693 1.504 0.586 3.529 0.730 7.716 0.977 17.537

370 * 370 0.693 1.504 0.586 3.529 0.730 7.716 0.977 17.537

Table 2: Comparison between results obtained and current data

De Vahl Davis [33] Koufi et al. [34] Zhao et al. [35] Present work Rayleigh number (Ra)

Numean 1.118 1.14 1.108 1.118 103

Numax 1.505 1.55 1.489 1.506

Numin 0.692 0.71 0.682 0.692

Numean 2.243 2.17 2.201 2.244 104

Numax 3.528 3.53 3.459 3.530

Numin 0.586 0.58 0.589 0.585

Numean 4.519 4.47 4.471 4.520 105

Numax 7.717 7.77 7.602 7.716

Numin 0.729 0.74 0.761 0.727
(Continued)
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3 Results and Discussion

3.1 The Characteristic Parameters (εT, εC, IIAQ)
Table 3 illustrates three key parameters effectiveness (εT, εC, and IIAQ) across different Reynolds

numbers (Re) and CH concentrations (1500, 2500, and 3500 ppm), considering three distinct inlet flow
inclinations (φ) of 0, π/6, and π/4. Notably, a marginal impact of the flow inclination angle (φ) is
observed on ventilation and temperature effectiveness as Reynolds numbers (Re) and CH concentrations
increase. Importantly, effective ventilation, denoted by a value of εC exceeding unity, is particularly
notable for the inclination angle φ = π/4. This finding suggests that at this specific inclination angle, the
ventilation system demonstrates enhanced performance, facilitating better air circulation within the cavity.
Additionally, it’s essential to highlight that the indoor air quality index (IIAQ) exhibits sensitivity to both
the inclination angle φ and the variation in Reynolds numbers (Re), as evident from the data presented in
Table 3. This observation underscores the intricate interplay between flow dynamics, ventilation efficacy,
and indoor air quality, necessitating a nuanced understanding for optimal system design and operation.

Referring to the Environmental Protection Agency’s (EPA) air quality guide for particle pollution [36], a
suitable indoor air quality index falls between 0 and 50, as depicted in Fig. 2. Therefore, Table 3 indicates
satisfactory indoor air quality across various Reynolds numbers for all inlet flow angles (0°, 30°, and 45°).
The most favorable indoor air quality values are observed for the angle φ = 30°, attributed to the creation of
jets that assist in expelling the hot concentration outward from the cavity. The negative sign in some instances
indicates that the CO2 contaminant’s concentration near the outlet port exceeds that in the middle of the cavity.

Table 2 (continued)

De Vahl Davis [33] Koufi et al. [34] Zhao et al. [35] Present work Rayleigh number (Ra)

Numean 8.8 9.36 8.973 8.824 106

Numax 17.925 17.88 18.683 17.538

Numin 0.989 1.03 0.965 0.977

Table 3: The parameters effectiveness for different Reynolds number (Re), inclination angle (φ) and hot
concentration (CH)

CH 1500 ppm 2500 ppm 3500 ppm

φ 0 π/6 π/4 0 π/6 π/4 0 π/6 π/4

Re = 800 εT 0.923 0.997 1.292 0.923 0.997 1.292 0.923 0.997 1.292

εC 0.923 0.997 1.292 0.923 0.997 1.292 0.923 0.997 1.292

IIAQ 0.655 0.019 −2.953 −0.208 −0.007 0.532 −0.141 −0.004 0.372

Re = 1000 εT 0.867 0.923 1.990 0.867 0.923 1.990 0.867 0.923 1.990

εC 0.867 0.923 1.970 0.867 0.923 1.970 0.867 0.923 1.970

IIAQ 0.694 0.338 4.444 −0.442 −0.251 0.939 −0.277 −0.154 0.729

Re = 1200 εT 0.820 0.866 2.015 0.820 0.866 2.015 0.820 0.866 2.015

εC 0.820 0.866 1.994 0.820 0.866 1.994 0.820 0.864 1.994

IIAQ 0.714 0.457 5.408 −0.726 −0.545 0.969 −0.418 −0.307 0.746
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The results from Table 3 highlight that an inlet inclination angle of 0° is deemed inappropriate when
compared to the other angles (30°, 45°) in terms of ventilation and contaminant removal parameters (εT
and εC). This suggests that an angle of 0° may not be the most effective approach to achieve suitable
ventilation and cooling for the vertical walls of the cavity, thereby impacting thermal comfort.
Consequently, the subsequent analysis and findings will concentrate on the two inlet angles, φ = 30° and
φ = 45°, to gain a deeper understanding of their influence on heat transfer and thermal comfort.

3.2 Local Nusselt Number on the Hot Wall (Vertical Walls)
Fig. 3 provides a visual representation of the local Nusselt number (NuL) distribution along the hot

vertical walls (both left and right sides), taking into account two distinct inlet flow angles (φ) at 30° and
45°, coupled with three different Reynolds number (Re) values, while maintaining a constant carbon
dioxide concentration (CH) of 2500 ppm. This specific configuration is selected to align with real-world
indoor air quality standards. The graph vividly illustrates the direct correlation between the Reynolds
number (Re) and the local Nusselt number, showcasing an increase in NuL with escalating Re values.
Notably, at Re = 1200, there is a marked surge in NuL, accompanied by a significant reduction in the
vicinity of the outlet port. This phenomenon results in the expulsion of elevated heat transfer magnitudes
from the cavity, thereby effectively dissipating heat and cooling both hot walls.

Figure 2: The air quality index value signification

Figure 3: Local Nusselt number for both vertical sides with different Reynolds number (Re) at
CH = 2500 ppm
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The consistent nature of these findings across both the left and right walls emphasizes the reliability of
the analysis. Furthermore, the impact of the inlet flow angle (φ) on the Nusselt number is distinctly apparent.
There’s a noticeable reduction in NuL at the upper sections of both vertical walls as the inlet flow angle
increases. Specifically, when φ = 45°, there’s a palpable decrease in heat transfer, signifying efficient
cooling of the hot vertical walls compared to other angles. Conversely, around the outlet port, there’s an
observed increase in the local Nusselt number at φ = 45° compared to other angles, attributed to the
heightened convection values in this setup. These trends hold true across various scenarios, showcasing
the consistent physical phenomena governing heat transfer dynamics in the system.

The Nusselt number at the both sides is obtained with the following equations:

X ¼ 0; 1 NuL ¼ 1

H

ZH

0

@�

@X

����
X¼0;L

dY (12)

3.3 Flow Patterns
Fig. 4 presents comprehensive visualizations of iso-concentration, streamlines, and temperature profiles

at the midpoint of the cavity (Y = H/2). The graphs depict variations in Reynolds number (Re = 800, 1000,
1200), CH concentration set at 2500 ppm, and two different inclination angles (φ) of π/6 and π/4.
Observations reveal a subtle influence of increasing Reynolds number on iso-concentration, particularly
notable at an angle of 30° where the impact is more pronounced. The direct relationship between velocity
and Reynolds number implies that elevated air-CO2 flow velocity leads to a deficiency in CO2

concentration, resulting in a decrease in indoor contaminants. The distinct peak noted at φ = 30° is
attributed to the presence of jet flow phenomena, gradually diminishing as the inclination angle increases.
Furthermore, higher inclination angles consistently correspond to elevated iso-concentration values, a
consistent trend observed across all cases examined within this study, highlighting the physical
implications of flow dynamics on indoor air quality.

Figure 4: (Continued)
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Fig. 4 provides additional insights into the system by including streamlines and temperature contours
(isotherms), showcasing the impact of varying Reynolds numbers (800, 1000, and 1200), with a fixed CH

concentration of 2500 ppm, and considering both inlet flow angles (φ) at 30° and 45°. Both aspects aim
to elucidate the impact of the inclination angle on the cooling of the vertical walls. The effect of
increasing Reynolds number (Re) is evident in both isotherms and streamlines. In the case of streamlines,
vortexes are more pronounced for the angle φ = 45° compared to the other inlet flow angle, potentially
leading to compromised indoor air quality in those regions. Regarding isotherms, the rise in Reynolds
number correlates with a decrease in temperature in the middle of the cavity. This influence is particularly
notable in the temperature distribution, especially for the angle φ = 45°.

4 Conclusion

This paper presents a numerical study of a two-dimensional square cavity filled with an air-CO2 mixture,
heated from both vertical walls. The investigation considers three different Reynolds numbers (800, 1000,

Figure 4: The iso-concentration, streamlines, temperature for CH = 2500, φ = π/6, π/4, Re = 800, 1000, 1200
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1200), varying CO2 concentrations (1500, 2500, 3500 ppm), and three inlet inclination angles (φ) of 0, π/6,
π/4. These parameters are applied to both inlet ports at the top wall under laminar flow conditions.

The key findings of this study can be summarized as follows:

. The inclination angle (φ) significantly influences the indoor air quality index, local Nusselt number,
streamlines, and temperature contours.

. The best indoor air quality index is achieved at an inclination angle of φ = 30°. φ = 45° is preferable for
effectively cooling the hot vertical walls, as indicated by the temperature distribution results.

. The variation in the local Nusselt number between the left and right sides of the cavity (hot vertical
walls) is minor across different Reynolds numbers (Re).

. In cases where φ > 30°, notable vortex formations occur in the corners, particularly pronounced at
larger angles.

In conclusion, this study highlights the impact of top inclination inlet angles in cooling vertical walls and
influencing indoor air quality, thereby contributing to the thermal comfort of indoor spaces across various
Reynolds numbers (Re) and CO2 concentrations. As a future avenue of research, exploring turbulent flow
regimes, especially for φ > 45°, could provide insights into achieving higher and more suitable indoor air
quality conditions.
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