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ABSTRACT

Studying airflow inside and outside a building is.crucial for optimizing natural ventilation. A key factor influencing
these flows is the size of the inlet and/outlet openings on the building’s walls. This study investigates the effect of
this parameter using RANS equations,in steady-state, three-dimensional conditions, with the SST-k® turbulence
model. Models with identical cross-sectional areas at thedbuilding's inlet but different aspect ratios were used. The
highest and lowest air flow rates into the building‘were observed in models with aspect ratios of 1.56 and 0.39,
respectively. To examine the impact of wind direction on air.flow rate, wind angles from 0 to 75 degrees were
analyzed. Results show that air flow rate becomes independent of inlet dimensions at wind angles greater than 30
degrees. Additionally, increasing window height leads'to a decrease in high-velocity regions inside the building,
while low-velocity and stagnation areas expand. Pressure coefficient analysis on the building's exterior reveals that
pressure variations on the windward wall are greater than/on the leeward wall. This study highlights the
importance of opening dimensions and wind direction in determining airflow behavior, providing valuable insights

for enhancing natural ventilation strategies.

KEYWORDS: NUMERICAL STUDY, OPENING DIMENSION, VENTILATION RATE, ASPECT RATIO, AND WIND
ANGLE.



Introduction

Natural ventilation plays a vital role in indoor air quality,
thermal comfort, and building energy consumption [1].
Natural ventilation has garnered significant attention in
recent years due to its role in achieving zero carbon
emissions and its positive impact on human health. In
modern societies, individuals spend more time indoors,
leading toran increased demand for thermal comfort and
indoorzair quality. Consequently, this heightened demand
has resulted in excessive energy consumption by heating,
ventilation, and air conditioning (HVAC) systems. To
reduce building “.energy consumption and carbon
emissions, natural ventilation has emerged as a viable
alternative fory, maintaining optimal thermal comfort
inside buildings. Recently, with the growing importance
of energy consumption reduction and the emergence of
situations such as the COVID-19pandemic [2], the study
of natural ventilation processes has gained considerable
attention among researchers. This study focuses on the
application of natural ventilation, in buildings,
specifically examining the relationship between the
volumetric airflow rate into the» building, occupant
comfort in terms of airflow distribution, and pressure
distribution under various conditions. This approach to
analyzing natural ventilation processes is seldom
explored in literature. The study investigates the
influence of inlet and outlet dimensions on airflow within
a building under varying wind directions, considering
these dimensions as a key parameter in building
ventilation. The dimensions were selected such that all
models had identical inlet cross-sectional areas but
varying aspect ratios, creating different geometric
shapes. A numerical simulation of a one-story building
with two windows at the front and rear was conducted
using computational fluid dynamics (CFD). The SST-kw
turbulence model was employed due to its accurate
results in comparison with other numerical and
experimental studies. Based on the boundary conditions,
optimal ventilation rates were determined to aid in
reducing energy consumption for building ventilation.

|Methodo|ogy and physical modelling

To numerically investigate the effects of window
dimensions and wind direction, ANSYS Fluent 18 [3]
was used for the analysis. The study employed the RANS
equations in a steady-state, three-dimensional
framework, coupled with the SST-ko turbulence model
for simulating turbulent flow. To compute the wind flow
around the building using the SST-ko turbulence model,
the continuity and momentum equations, along with the
equations for the turbulence parameters k and o, were
solved. Six fundamental equations are required to solve
this flow, which are commonly used in CFD simulations.
These include one continuity equation, three momentum
equations in the x, y, and z directions, one equation for k,

and one for ®. The unknown parameters to be determined
include the wvelocity components in the X, y, and z
directions, pressure (p), turbulence kinetic energy (k),
specific dissipation rate (), and turbulence viscosity (L).
These parameters are typically calculated using the
governing equations and boundary conditions. The
SIMPLE algorithm was employed to link velocity and
pressure. The discretization of the terms related to
viscosity and convection was carried out using second-
order approximation. Convergence criteria for parameter
o were set to 10, for parameter k to 10, and for the
velocity components to 10, Also, Figure 1 presents the
overall parameterized range under investigation, as well
as the definition of the wind direction angle.
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Figure 1. The schematic of the modeling process
includes the building model and the definition of the wind

direction angle.

The dimensions of the building models in terms of
length, width, and height are 100, 100, and 80 mm,
respectively, corresponding to a real building size of 20,
20;"and/16 m. The models examined in this study have
identical building dimensions but differ in window sizes.
To introduce and differentiate between the models, the
aspect ratio, obtained by dividing the height by the width
of the'windows, is used. This ratio is calculated using the
following equation.

AR = h )
d

|Discussion and Results

To validate the obtained results, a comparison was
made with the experimental study conducted by Karava
[4] at Concordia University, Canada, and the numerical
study performed using the LES method by,Chu and
Chiang [5]. The comparison of the obtained results with
the two studies conducted by the aferementioned
references shows a nearly satisfactory alignment between
the results.

The results obtained for different window
dimensions, shown in Figure 2, indicate that the’highest
ventilation rate occurs in the model with an aspect ratio
of 1.56, while the lowest rate is observed in the model
with an aspect ratio of 0.39. Additionally, as the width-



to-height ratio of the window increases, the overall flow
rate decreases.
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Figure 2. The percentage increase in volumetric flow rate
for models with varying window dimensions at a 0° wind
angle compared to the reference model

The results indicate that for wind angles greater than 20°,
an increase in the wind angle leads to a significant
decrease in the ventilation rate. Howeveryin models with
wind angles less than 20°, no noticeable changes are
observed at a given aspect ratio. Additionally, the
analysis of the velocity profile changes at points along
the line connecting the centers of the building's inlet and
outlet, located in the building's mid-plane, shows that the
velocity variation within the building (0.2<y/L<1)
follows the same trend for different aspect ratios. In the
central region of the building (0.4<y/L<0.8), due to the
constant cross-sectional area and steady flow rate, the
velocity remains almost constant until it reaches the
window located on the leeward wall. In the area adjacent
to the window located on the leeward wall of the
building, within the interior space (0.8<y/L<1), the flow
speed increases due to the reduced cross-sectional area
caused by the presence of the window. After passing
through the window, the flow experiences a decrease in
speed. The analysis of the 3D contour of flow lines in
Figure 3 shows that when the wind strikes the windward
wall, a portion of it moves towards the sides, while
another portion moves upward. On the other hand, in the
regions closer to the ceiling, the flow tends to move from
the entry to the exit. The volume of air flowing upward,
which is created after striking the wall, essentially acts as
an obstacle to the flows that are moving from the entry to
the exit at ceiling height. The presence of this obstacle
leads to the formation of flow vortices at the initial part
of the building’s roof.

Figure 3. 3D contour of flow lines inside and outside the
building model

|C0nc|usions

One of the influencing parameters on the internal and
external flow and ventilation rate of the building is the
window dimensions, which, in this study, have been
examined alongside different wind angles. In this study,
the flow both inside and outside the building has been
investigated simultaneously. The highest ventilation rate
in the building was observed in the model with a ratio of
1.56, while the lowest ventilation rate was found in the
model with a ratio of 0.39. As the height of the windows
increases, the high-speed areas within the interior of the
building decrease, while the areas of low speed and
stagnation increase. The use of square windows, as well
asrwindows with greater height compared to those with
wider dimensions, has a greater impact on the stagnant
area. Additionally, the pressure variations in the area
opposite the windward wall are greater across different
models than in.the area behind the leeward wall.
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Fig. 1. The boundary‘conditions applied in the present numerical study
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Fig. 2. The schematic diagram of<the model under consideration: a) Building model and introduction of the
middle plane, b) Solution domaimand theposition of the building, and c¢) Introduction of the wind angle

3k (g sladugly plo miren g 4z )3 ¢ (B)9 gl slp sond 00ls lis 398 JSB 50 a5 > edgume Sl 4y bga e ol

6ol antllao 43 155 3590 B0 Gl Flowlme Jo dgummo dlasl Bz 1) Jgur
Table 1. Introduction of the computational domain-dimensions for the models considered in the current study
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Table 2. The models and conditions examined in the current study
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Fig. 3. Comparison of the velocity obtained for points on the line connecting the centers of the building's entry
and exit located in the building's middle plane, as provided by Karava [21], Chu and Chiang [19], and the

present numerical work, and b) the percentage error of the present numerical work compared to the
experimental reference [21]
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compared to the experimental reference [28]
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Fig. 5. Examination of the mesh independence of the present numerical study for computational grids with cell
counts of 165399, 334215, 674236, and 1349561, based on the velocity profile of points on the line connecting the
centers of the building’s entry and exit located in the building's middle plane
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Fig. 6. The contour of the y* distribution near the walls of the building in the simulated reference model: a) 3D

representation of the distribution on the building walls, and b) 2D representation of the distribution on the
leeward wall
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Fig. 7. The percentage increase in volumetric flow rate for models with'varying window dimensions at a 0° wind
angle compared to the reference model
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Fig. 8. The value of the dimensionless parameter related to the flow rate for models with different window
dimensions and varying wind angles
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Fig. 9. The velocity profile obtained for points.on the line connecting the centers of the building's entry and exit
located in the building's middle plane for models with different window dimensions in three distinct areas: a)
Front of the building, b) Interior areas of the building, and ¢) Rear of the building
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Fig. 10. The velocity contour for models with different AR values: a) AR = 2.56, b) AR = 1.56, ¢c) AR =1, d)
AR =0.92,¢) AR =0.64,f) AR =0.52, and g) AR =0.39
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Fig. 11. The pressure coefficient.contour on the vertical middle plane of the building for models with different

AR values: a) AR = 2.56, b).AR =1.56, ¢c) AR = 1,d) AR =0.92, ¢) AR = 0.64, f) AR = 0.52, and g) AR =0.39
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Table 3. The value of the dimensionless velocity parameter for the occupant area in the middle plane
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Fig. 13. The pressure coefficient obtained for points'on theline connecting the centers of the building's entry and
exit located in the building's middle plane in the present numerical study, for models with different window
dimensions in three distinct areas: a) Front of the building;b) Interior areas of the building, and c) Rear of the
building
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Fig. 14. 3D and 2D streamline contours inside and outside the building with different AR values: a) A@)

andb) AR=1
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ABSTRACT
Studying airflow inside and outside a building is crucial for optimizing natural ventilation. A key factor influencing

these flows is the size of the inlet.and outlet openings on the building’s walls. This study investigates the effect of
this parameter using RANS equations in steady-state, three-dimensional conditions, with the SST-k® turbulence
model. Models with identical cross-secticnal areas at the building's inlet but different aspect ratios were used. The
highest and lowest air flow rates into the building were observed in models with aspect ratios of 1.56 and 0.39,
respectively. To examine the impact of wind direction on air flow rate, wind angles from 0 to 75 degrees were
analyzed. Results show that air flow rate becomes independent of inlet dimensions at wind angles greater than 30
degrees. Additionally, increasing window height leads to@ decrease in high-velocity regions inside the building,
while low-velocity and stagnation areas expand. Pressure coefficient/analysis on the building's exterior reveals that
pressure variations on the windward wall are greater thanton the leeward wall. This study highlights the
importance of opening dimensions and wind direction in determiningairflow behavior, providing valuable insights
for enhancing natural ventilation strategies.

KEYWORDS
Numerical study, opening dimensions, ventilation rate, aspect ratio;-and wind angle.
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