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ABSTRACT

In this study, numerical simulations were conducted to investigate the
changes in air circulation after the installation of fans in a large indoor
sports hall. It was found that optimizing the arrangement of fans and the
settings for doors and windows can significantly enhance air convection,
improve the distribution of airflow, and increase the thermal comfort of
athletes. The combination of natural ventilation systems with mechanical
fans can further improve air quality and energy efficiency. These findings
can provide practical recommendations for the design of sports halls,
which are crucial for improving athletes’ performance and comfort, as well
as enhancing the experience of spectators and other users. The analysis
results indicate that in Model 2, the average wind speed of Scheme 7 is
1.6% higher than that of Scheme 5, 11.5% higher than that of Scheme
6, and 34.3% higher than that of Scheme 8. Therefore, Schemes 7 and 5
are identified as the optimal solutions for Model 2. When comparing the
optimal solutions of both models, it was found that the average wind speed
of Scheme 7 is 1.6% higher than that of Scheme 5, and 12% higher than
that of Scheme 1, making Scheme 7 the overall optimal solution.
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1 Introduction

With the development of society and the economy, human activities have led to significant environ-
mental damage, resulting in the frequent occurrence of extreme cold and hot weather conditions. In the
current scenario of resource scarcity and energy constraints, coupled with the high energy consumption
of air conditioning systems, fans become the optimal choice in impoverished regions that cannot afford
air conditioning. Under hot environmental conditions [ambient air temperature (Tambient) > 30°C]
and humid conditions [relative humidity (RH) ± 70%], the combination of environmental heat stress
and heat produced by exercise can exceed the body’s heat dissipation capacity, leading to an increase
in core temperature which subsequently reduces athletic performance. Therefore, it is essential to
enhance indoor air velocity in sports halls. Finite element analysis can be used in building design
to significantly reduce experimental costs and time. It enables the selection of the optimal solution
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by evaluating different operating conditions [1]. Through simulation and numerical optimization, the
provided data can be used to predict climate [2], Can reduce the cost of experiments that do not need
to be performed under special circumstances [3], helping to prevent adverse factors and improve the
quality of human life.

Current research, both domestically and internationally, mainly focuses on the impact of venti-
lation window opening methods on the natural ventilation inflow in sports halls. Li [4], for instance,
emphasized this aspect in her study. Li [5] utilized Computational Fluid Dynamics methods to assess
the effect of asymmetry in sports hall morphology on the wind speed at sports venues. Zhao et al. [6]
used CFD methods to investigate the impact of ventilation window positions on indoor thermal
comfort and air age in sports halls. The primary focus is on the influence of the shape of ventilation
openings and the building form of sports halls on indoor ventilation effectiveness.

While natural ventilation is frequently regarded as a more sustainable solution than mechanical
ventilation, it has notable limitations in predictability, controllability, and heat recovery. Even though
natural ventilation has many favorable characteristics, it cannot meet all ventilation needs, and
mechanical exhaust ventilation is relatively simple and has low installation costs [7]. Consequently,
integrating mechanical and natural ventilation can effectively improve indoor air circulation and
reduce carbon dioxide levels. The study by Elhadary et al. [8] considered the combined effect of
mechanical and natural ventilation, specifically examining the direction of airflow from wall exhaust
fans and rooftop fans.

Natural ventilation has the potential to replace mechanical ventilation during the transition
season, and a large number of studies have verified the energy savings of natural ventilation or hybrid
ventilation combining natural and mechanical ventilation [9–11]. Depending on the local climate, the
use of natural ventilation can save 20%∼40% of energy consumption [12]. Theoretical analysis of
natural ventilation phenomena is essential for designing an effective mixing system [13]. Mechanical
ventilation methods are the most commonly used systems in factories and can also be applied in large
stadiums [14], so a combination of natural and mechanical ventilation is necessary. And the effect of
wall-to-window ratio on the interior should be taken into account, Li et al. [15] extracted 18 design
parameters of gymnasium building for energy analysis and obtained that the high side window-to-
window ratio has the highest sensitivity to energy consumption.

This paper builds on previous research and aims to investigate the impact on indoor air circulation
by incorporating ceiling fans, designing different outgoing exhausts, and introducing a new windward
angle. The objective is to calculate the optimal solution for improving the average indoor air velocity,
thereby enhancing human athletic Effects of Fan Installation on Ventilation in Indoor Sports Halls:
A Numerical Simulation Study.

2 Methodology
2.1 Model Establishment

To streamline the research, a model of a university sports hall was created. Various experimental
control groups were established under identical boundary conditions. numerical simulation was
utilized to simulate the wind environment, organizing the wind speeds at various inlets and outlets
under natural ventilation and with the addition of fans. This process aimed to determine the optimal
solution that maximizes the average indoor wind speed.

A model of a university sports hall was established with dimensions of 38.4 m in width, 77.9 m in
length, and 13 m in height. As shown in Fig. 1, the numbering of doors and windows in the sports hall
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is crucial for airflow analysis and optimization. The door openings (Nos. 22 and 23) are 2.7 m high
and 2.6 m wide, while the door openings (Nos. 21 and 24) are 2 m high and 3.9 m wide. The windows
on the left and right walls (Nos. 1, 2, 3, 4, 7, 8, 9, 10, 11, 12) are 1.75 m wide and 1.8 m high. The
windows on the front and rear walls (Nos. 5, 6, 13, 14) are 1.55 m wide and 1.8 m high, with the lower
edges of both sets of windows situated 4.8 m above the ground. The windows on the front and rear
walls (Nos. 15, 16, 17, 18, 19, 20) are 3.9 m wide and 1 m high, with their lower edges 0.8 m above the
ground.

Figure 1: Numbering of doors and windows

Because the windows only open to 45 degrees, the window dimensions were scaled accordingly.
The adjusted dimensions for the windows are as follows: for the left and right wall windows (Nos. 1,
2, 3, 4, 7, 8, 9, 10, 11, 12), the width remains the same, while the height is reduced to 680 mm; for
the front and rear wall windows (Nos. 5, 6, 13, 14), the width remains unchanged, while the height is
reduced to 600 mm; for the left and right wall windows (Nos. 15, 16, 17, 18, 19, 20), the width remains
the same, while the height is was reduced to 350 mm.

Four working conditions are selected to simulate the natural ventilation conditions under dif-
ferent door and window openings, and the optimal condition is selected for its optimization. The
optimization scheme is optimized using fans, which are installed to further improve the effect of indoor
ventilation to meet the requirements of comfort and health. Eight different optimization schemes are
proposed, the installation of fans follows as much as possible uniform distribution on each wall, and
the best ventilation scheme is found through different exhaust methods.

2.2 CFD Model and Parameter Setting
In this study, CFD numerical simulation method is used to simulate the ventilation characteristics

of the indoor gymnasium, and the selected software is Fluent 2024 R1. Multi-faceted mesh is selected
during meshing, and the mesh generating process encrypts the building part and the door and window
part in order to improve the accuracy of the calculation of the internal and external fluids of the
building, and the number of cells of the model of the final condition (a) was 1,790,839, and the number
of nodes was 334,144, on the basis of the basic grid and set up two groups of control grid model, the
number of cells in the rough group was 1,154,002, and the number of nodes was 216,686. The number
of cells in the fine group was 2,790,484, and the number of nodes was 523,796. Comparing the average
indoor wind speed of condition (a) under three grid sizes, the calculation shows that the maximum
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error of the rough grid and the fine grid is 4.6%, which indicates that the number of base grids used in
this paper meets the accuracy requirements.

The k-ε two-equation model is chosen, with the scheme set to Coupled and the flux type as Rhie-
Chow: Distance Based. For spatial discretization, the gradient is set to Least Squares Cell Based, while
pressure, momentum, turbulent kinetic energy, and turbulent dissipation rate are all set to Second
Order Upwind. The model reaches a steady state after 3000 iterations, and all walls are non-slip wall
surfaces.

2.3 Determination of Boundary Conditions
With the model dimensions set to length L, width W, and height H, the computational domain

size is specified as 7 L × 5 W × 4 H to ensure calculation accuracy. Thus, the model’s fluid domain
measures 545.3 m in length, 192 m in width, and 52.8 m in height. The distance between the model’s
inflow face and the inlet boundary is 150 m. The inflow boundary of the computational domain is
defined as a velocity-inlet boundary, with reference to the Fuzhou city gradient wind coefficient. The
gradient wind expression is given by v = v0 ∗ (y/h0) ∧n, where h0 and v0 are the reference height and
the wind speed at the reference height, respectively. Based on the meteorological averages for Fuzhou
at 14:00 to 17:00 in July and August 2023, the wind direction is 25°, the air temperature is 30.3°C,
and the air humidity is 75%. Values of 10 m and 2.23 m/s are selected as reference values [16]. y and v
represent a certain height in the fluid domain and the corresponding average wind speed at that height,
respectively. The wind speed profile is implemented using the User Defined Function (UDF) feature
of Fluent through programming [17]. Considering that the outflow has nearly fully developed, a free
outlet boundary is adopted at the outflow boundary. The detailed boundary conditions are shown in
Table 1. The inlet and outlet positions of the wind are displayed in Fig. 2, which illustrates the airflow
pathways critical for ventilation efficiency.

Table 1: CFD simulation boundary conditions

Boundary conditions Place Wall motion Shear condition Roughness model

Interface: Wall, fan Stationary wall No slip Standard
Wall: Wall Stationary wall No slip Standard

Fan Moving wall No slip Standard
Inlet: Udf compiled gradient winds
Outlet: Outflow
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Figure 2: Inlet and outlet positions

3 Results

As summer progresses and temperatures rise, the temperature difference between the indoor and
outdoor environments increases. Heat flows from outside through the windows into the interior,
causing the indoor temperature to rise. However, as the indoor-outdoor temperature difference
decreases, the effectiveness of convective airflow diminishes. Therefore, the ratio of wall windows
affects indoor ventilation [18]. The manner in which doors and windows are opened in different
directions influences wind pressure and wind direction, leading to changes in airflow paths and
ventilation effectiveness. Selecting different opening methods for doors and windows in various
directions can simulate the ventilation effects under different environmental conditions. Among these,
cross-ventilation proves to be more effective than single-sided ventilation [19].

Four working conditions were designed based on an actual sports hall:

Condition (a): All doors and windows on the front, rear, left, and right walls are fully open.

Condition (b): The windows on the front and left walls are fully open, doors 22 and 23 are closed,
and all doors and windows on the rear and right walls are fully open.

Condition (c): Doors 22 and 23 on the right side of the left wall are closed, all other doors and
windows are fully open, the windows on the front wall are fully open, and windows 7 and 8 on the
right wall are closed, making the ventilation area on the front and left walls consistent with that on
the rear and right walls.

Condition (d): All doors and windows on the front, rear, and left walls are fully open, and windows
7, 9, and 11 on the right wall are closed.

3.1 Comparison of Wind Speeds at Windows
The model was simulated using Fluent. Wind pressure values were extracted at two heights, 1 and

5.1 m, at the midpoint of the windows. The wind pressure difference at these heights was calculated.
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Four working conditions were set to select the optimal scheme, which was then further optimized by
adding fans to enhance the ventilation effect. Detailed results are shown in Tables 2 and 3.

Table 2: Average wind speed for each operating condition

Model Inlet (m/s) Outlet (m/s) Inlet (m/s) Outlet (m/s)

Height y = 1 m Average wind
speed (m/s)

y = 5.1 m Average wind
speed (m/s)

Condition (a) 1.486 0.467 0.977 1.566 0.475 1.021
Condition (b) 1.519 0.535 1.027 1.577 0.445 1.011
Condition (c) 1.600 0.439 1.019 1.571 0.499 1.035
Condition (d) 1.431 0.640 1.036 1.563 0.463 1.013

Table 3: Average differential wind pressure for each operating condition

Model Inlet (pa) Outlet (pa) Inlet (pa) Outlet (pa)

Height y = 1 m Leeway (pa) y = 5.1 m Leeway (pa)

Condition (a) 0.190 −0.178 0.369 0.476 −0.143 0.619
Condition (b) 0.349 −0.215 0.564 0.573 −0.121 0.694
Condition (c) 0.289 −0.166 0.455 0.520 −0.162 0.682
Condition (d) 0.187 −0.313 0.500 0.471 −0.190 0.661

The analysis showed that at a height of 1 m, the average wind speed under Condition (d) is 6%
higher than Condition (a), 0.8% higher than Condition (b), and 1.59% higher than Condition (c). At
a height of 5.1 m, the average wind speed under Condition (a) is 0.7% higher than under Condition
(d), Condition (c) is 2% higher than under Condition (d), and Condition (d) is 0.2% higher than under
Condition (b).

3.2 Comparison of Wind Speeds at Sampling Points
The model was simulated using Fluent to obtain the wind speed results at the cross-sections of

the front and rear windows of the model. As shown in the figure, Wind speed was sampled at intervals
along the cross-section of the sports field, as illustrated in Fig. 3, with a sampling height of 1.5 m to
match the average chest height of standing individuals [20], as shown in Fig. 3. The wind speed contour
maps under different operating conditions, as shown in Fig. 4, highlight the airflow patterns at varying
heights.

Figure 3: Wind speed sampling intervals
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Condition (a) Condition (b)

Condition (c) Condition (d)

Figure 4: Wind speed contour maps

The wind speed analysis at a height of 1.5 m, presented in Fig. 5, provides detailed insights into
airflow behavior under different ventilation scenarios.Observing the wind speed contour maps, it was
found that the wind speed distribution in Condition (d) is more uniform and can cover the indoor
area more comprehensively. The analysis showed that the average wind speed in Condition (d) is the
highest, with Condition (c) being 18.7% lower, Condition (b) being 8.59% lower, and Condition (a)
being 14.7% lower than Condition (d). According to Table 4, the national standard for wind speed in
sports halls specifies that wind speeds less than or equal to 1.0 m/s fall within the range suitable for
human activity areas [21].

Figure 5: Wind speed analysis at 1.5 m
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Table 4: Influence of wind speed on human motion

Wind speed (m/s) Impact on humans and activities

0∼<0.25 No sensation
0.25∼<0.5 Comfortable
0.5∼<1 Noticeable
1∼<1.5 Noticeable ventilation
1.5∼<7 Strong wind, affects activities

From the diagram, it can be observed that indoor wind speeds meet the requirement of ≤1.0 m/s,
but where speeds are too low, they are less than 0.15 m/s, which is imperceptible to humans. Research
indicates that in hot environments, athletes’ performance is significantly affected, with a reduction
in exercise duration by 16 ± 8 min and corresponding decreases in performance by 26 ± 11%.
Moreover, under conditions similar to Tokyo (which has a climate similar to Fuzhou), peak power
output decreases by 0.5 ± 0.3 W/kg, corresponding to a reduction in performance by 16 ± 7% [22].
Given that university sports halls mainly cater to students, faculty, and the general public, there is no
stringent requirement for facility conditions. However, in environments with low wind speeds, vigorous
exercise can lead to respiratory discomfort and insufficient heat dissipation, increasing the risk of heat
stroke. Analysis of the aforementioned conditions shows that condition (d) has the highest average
wind speed, making it the optimal condition. Optimization of condition (d) is therefore recommended
to enhance indoor airflow velocity.

3.3 Ventilation Optimization
To improve indoor ventilation rates and ensure a comfortable and healthy indoor environment,

mechanical ventilation is desirable as it can accurately regulate indoor conditions in modern buildings.
While natural ventilation is energy-efficient, it may not suffice to meet these requirements. The
installation location and operating mode of fans significantly impact indoor airflow paths and speeds.
By selecting different locations and operating modes, airflow can be optimized to enhance ventilation
effectiveness [8]. Utilizing mechanical equipment is essential to optimize the sports hall. This study
employed the installation of fans, considering both the expulsion of warmer air and the introduction
of cooler air, resulting in a significant increase in indoor wind speed. Additionally, the method was
designed to achieve the lowest energy consumption for fan operation. Based on a comparison of most
fans and ceiling fans available on the market, the fan sizes chosen for this study are listed in Table 5.
The fan model used for simulations is shown in Fig. 6, detailing the specifications and positioning of
the fans.

Table 5: Specifications of the fan

Model Diameter (mm) Speed (rad/min) Blades (pcs)

Fan (a) 760 1200 3
Fan (b) 6100 60 5

https://www.scipedia.com/public/Xiao_et_al_2025 8
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Fan (a) Fan (b)

Figure 6: Fan model

Model 1:

For scenario (d), optimization is conducted with facade fan (a) installed at heights of 9.6 and 3.2
m. Fans are positioned on the left and right walls at intervals of 7.75 m, and on the front and rear
walls at intervals of 6 m. Indoor fan (b) is installed at a height of 7 m. The indoor floor is divided into
eight rectangles, with the center of fan (b) determined by the intersections of the diagonals of each
rectangle.

Model 2:

For scenario (d), optimization is conducted with facade fan (a) installed at heights of 9.6 and 1 m.
Fans are positioned on the left and right walls at intervals of 7.75 m, and on the front and rear walls
at intervals of 6 m. Due to lower window positions preventing installation, six fans (a) are installed at
a height of 2 m. Indoor fan (b) is installed at a height of 7 m. The indoor floor is divided into eight
rectangles, with the fan (b) center determined by connecting the diagonals of each segment.

3.4 Grid Test
Optimization program selected software for Fluent 2024 R1. Grid division when the selection of

multi-face mesh, grid generation process of the building part and the doors, windows and fans part of
the encryption, in order to improve the accuracy of the calculation of the building inside and outside
the fluid, the final number of cells of the model of the scheme 1 was 7,714,547, the number of nodes
1,366,463, in the basic grid on the basis of the set of two groups of control grid model, coarse the
number of cells in the grid group was 5,574,909, and the number of nodes was 993,972. The number
of cells in the fine grid group was 10,589,568, and the number of nodes was 1,929,660. Comparing the
average indoor wind speed of Scheme 1 under the three kinds of grid sizes, the calculation shows that
the maximum error between the coarse grid and the fine grid is 7.8%, which indicates that the number
of basic grids used in this paper meets the accuracy requirements.

The k-ε two-equation model is chosen, and the couple algorithm is used, all of which are second-
order equations, and the model reaches a steady state after 10,000 iterations, with non-slip walls for
all walls and slip walls for the fans.

3.5 Optimization Schemes
Each fan is numbered, fans (a) are numbered 1–52. For simulation convenience, fan numbers skip

over the left wall’s number 16. Fans (b) are numbered 61–68.

Scheme 1: In Model 1, fans (a) numbered 1–8, 17–24, and 33–42 blow air indoors; fans numbered
9–15, 25–32, and 43–52 blow air outdoors. Fans (b) numbered 61–68 blow air towards the ground.

https://www.scipedia.com/public/Xiao_et_al_2025 9
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Scheme 2: In Model 1, fans (a) on the windward side blow air indoors (fans numbered 1–15, 33–
42), fans on the leeward side blow air outdoors (fans numbered 17–32, 43–52). Fans (b) numbered
61–68 blow air towards the ground.

Scheme 3: In Model 1, fans (a) at a height of 9.6 m (odd-numbered fans on walls) blow air
outdoors; fans at a height of 3.2 m (even-numbered fans on walls) blow air indoors. Fans (b) numbered
61–68 blow air towards the ground.

Scheme 4: In Model 1, fans (a) at a height of 9.6 m (odd-numbered fans on walls) blow air indoors;
fans at a height of 3.2 m (even-numbered fans on walls) blow air outdoors. Fans (b) numbered 61–68
blow air towards the ground.

Scheme 5: In Model 2, fans (a) numbered 1–8, 17–24, and 33–42 blow air indoors; fans numbered
9–15, 25–32, and 43–52 blow air outdoors. Fans (b) numbered 61–68 blow air towards the ground.

Scheme 6: In Model 2, fans on the windward side blow air indoors (fans (a) numbered 1–15, 33–
42); fans on the leeward side blow air outdoors (fans (a) numbered 17–32, 43–52). Fans (b) numbered
61–68 blow air towards the ground.

Scheme 7: In Model 2, fans (a) at a height of 9.6 m (odd-numbered fans on walls) blow air
outdoors; fans at heights of 1 and 2 m (even-numbered fans on walls) blow air indoors. Fans (b)
numbered 61–68 blow air towards the ground.

Scheme 8: In Model 2, fans (a) at a height of 9.6 m (odd-numbered fans on walls) blow air indoors;
fans at heights of 1 and 2 m (even-numbered fans on walls) blow air outdoors. Fans (b) numbered 61–68
blow air towards the ground.

Fig. 7 illustrates the installation positions of the fans, which were strategically placed to maximize
indoor airflow.

Figure 7: (Continued)
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Figure 7: Fan installation positions

The wind speed contour maps for each design option, shown in Fig. 8, demonstrate the effects of
different ventilation schemes at a height of 1.5 m:

Scheme 1 Scheme 2

Scheme 3 Scheme 4

Figure 8: (Continued)
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Scheme 5 Scheme 6

Scheme 7 Scheme 8

Figure 8: Wind speed contour maps by scheme

The simulation using Fluent for modelling airflow through the front and rear windows of the
model shows the wind speed profiles. Please refer to Fig. 3 for the cross-sectional view of these profiles.
Measurements of wind speed at a height of 1.5 m, with six sets of data for each scenario, analyzed as
shown in Figs. 9 and 10.

Figure 9: Comparison diagram of four schemes of Model 1

Fig. 9 shows that among the four schemes in Model 1, the average wind speed of Scheme 1 is
7.5% higher than Scheme 2, 7.6% higher than Scheme 3, and 16.4% higher than Scheme 4. Therefore,
Scheme 1 is identified as the optimal scheme for Model 1. Fig. 10 shows that among the four schemes
in Model 2, the average wind speed of Scheme 7 is 1.6% higher than Scheme 5, 11.5% higher than
Scheme 6, and 34.3% higher than Scheme 8. Due to the very small difference between Scheme 5 and
Scheme 7, both are determined to be the optimal schemes for Model 2.
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Figure 10: Comparison diagram of four schemes of Model 2

The analysis in Fig. 11 shows that the average wind speed for Scenario 7 is 1.6% higher than
Scenario 5 and 12% higher than Scenario 1. Therefore, Option 7 was determined to be the best option.
Since all fans are running at full speed, the fan speeds can be manually reduced to save energy while
maintaining the required indoor air speeds for the gymnasium, which can be more easily observed
through Fig. 12.

Figure 11: Comparison of the best scheme of the two models

Figure 12: Streamline

Using numerical simulation, the average wind speed v (m/s) at the center points of windward
doors and windows is selected to calculate the total area F (m2) of windward doors and windows.
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Following the formula L = 3600vF, the hourly indoor air intake is calculated. Dividing this by the
indoor volume V (m3) of the sports hall, Scheme 7 achieves an air exchange rate of 3.73 times per
hour [23], exceeding the requirement of 3 times per hour as per “Technical Specifications for Primary
and Secondary School Sports Facilities” JGJ/T 280-2012. Using the same method, the air exchange
rates per hour for each model were calculated, demonstrating that the optimal fan layout effectively
increases indoor air exchange rates and improves indoor air quality.

Through analysis of Fig. 13, it is determined that after optimization, the average wind speed of
Scheme 7 at a height of 1.5 m indoors is 276.7% higher than before. Comparison of indoor wind speeds
before and after optimization:

Figure 13: Wind speed analysis scheme at 1.5 m for each design option

As shown in Fig. 14, comparison of wind speed contour map before and after adding fan (Z =
1.5 m):

Before Optimization After Optimization

Figure 14: Comparison contour map of wind speeds at 1.5 m height

The average wind speed at a height of 1.5 m indoors in Scheme 7 reaches 0.489 m/s. Referring to
Table 3, the optimization results in the average wind speed at a height of 1.5 m indoors changing from
imperceptible to a level that makes occupants feel comfortable.

4 Discussion

Selection of Optimized Scenarios:
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In Model 2, the average wind speed of Scenario 7 was found to be 1.6% higher than that of Scenario
5, 11.5% higher than that of Scenario 6, and 34.3% higher than that of Scenario 8, and thus Scenario
7 and Scenario 5 were determined to be the optimal scenarios for Model 2. Comparing the optimal
solutions of the two models, it is found that the average wind speed of Solution 7 is 1.6% higher than
that of Solution 5 and 12% higher than that of Solution 1, and therefore Solution 7 is determined to
be the overall optimal solution.

Wind speed control:

Since all fans are running at full power, energy savings can be achieved by manually adjusting the
fan speeds while maintaining the desired air flow rate in the gymnasium. Although the air velocity in
some areas is relatively high, it can be controlled by adjusting the fan speed. Heat Stress Protection
for Athletes. Athletes should be kept hydrated and cooled. Heat acclimatization is critical for athletes
and should be part of the training program.

In this paper, by combining natural ventilation and mechanical exhaust, we design a scheme for
optimal average indoor air velocity, which can reduce energy consumption, improve energy utilization,
create a more comfortable environment for athletes and spectators, and promote health and well-being.

5 Conclusion

This study designed a numerical simulation of indoor air circulation in a university gymnasium
with different exhaust ventilation methods and a new windward angle. By analyzing the indoor air
velocity distribution under different working conditions, it was found that the air velocity distribution
of working condition (d) is the most uniform, which can cover the indoor area more comprehensively,
making it the optimal working condition. The analysis results further showed that the average air
velocity of condition (d) is the highest, being 14.7% higher than that of condition (a), 8.59% higher
than that of condition (b), and 18.7% higher than that of condition (c). Additionally, according to
the national standard, the indoor wind speed should be controlled within the range of ≤1.0 m/s to
meet the needs of human activities. Therefore, after installing fans, Scheme 7 (fans at 9.6 m height
blowing outward on odd-numbered fans, and inward at 1 m and 2 m heights on even-numbered
fans, with fans 61–68 blowing towards the ground) resulted in the highest indoor average wind speed.
This optimization significantly increased the indoor air velocity, thus improving the indoor thermal
environment and providing a more comfortable activity environment for athletes. Moreover, the
average wind speed at a height of 1.5 m indoors increased by 276.7%, reaching a level perceived as
comfortable. While wind speeds in some areas may be relatively high, they can be manually controlled
by adjusting fan speeds.

In the future, the sustainable design concept of the stadium can be integrated into urban planning
and construction, contributing to the construction of sustainable cities.

In this study, the optimization function of mechanical ventilation system is given full play to
improve indoor thermal comfort and air quality. By rationally arranging fans, the average indoor
wind speed can be significantly improved to make athletes feel comfortable, and it can also be
used in the optimization of lees ventilation in the wine making industry. The influence of different
building forms and ventilation system parameters on indoor thermal environment can be further
explored in the future. Natural ventilation and mechanical ventilation will be combined to achieve
a more environmentally friendly and energy-saving indoor environment control scheme, provide more
comprehensive guidance for the design of sports venues, and promote the sustainable development of
sports.
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Only the thermal environmental conditions in summer were considered, but the conditions in
other seasons were not involved, and the changes in indoor and outdoor temperatures were not
studied. In the future, Ventilation optimization strategies in different seasons can be further explored
to provide more comprehensive guidance for the year-round thermal environment regulation of sports
venues. Future studies could be combined with physiological studies to more comprehensively assess
the impact of ventilation optimization on athlete health and safety. This study only adopts the method
of simulation analysis, which lacks the verification of actual field test. In the future, field experiments
can be combined to verify the simulation results and improve the reliability of the research conclusions.
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