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Abstract. Indoor air circulation is significant in maintaining indoor air quality
and comfort. As one of the main channels for indoor and outdoor air exchange,
the design of window structure is essential for indoor air circulation. Based on
the simulations of three window structures using ANSYS Fluent software using
computational fluid dynamics (CFD) method, this study aims to investigate the
effects of different window structures on indoor air circulation. The results
show that left-right sliding window and push-pull rotating composite window
performed well in improving indoor air circulation. These findings can provide
a basis for the selection of architectural windows and provide a reference for the
optimization of window structures.
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1 Introduction

Recently, the study on indoor air ventilation has been widely concerned as people pay
more and more attention to indoor comfort and health ). Indoor ventilation system
plays as a key part in maintaining fresh indoor air, purifying indoor air, and regulating
indoor humidity and temperature 2!, In the indoor ventilation system, window struc-
ture serves as a medium between indoors and outdoors, which is crucial to improving
indoor ventilation .

Computational fluid dynamics (CFD) is an engineering technology based on math-
ematical methods and computer simulations that can be used to simulate and analyze
fluid flow, heat transfer, and mass transfer 4. In the study of window structures,
CFD is widely used to simulate and analyze the effects of different window structures
on indoor ventilation I,

The design and selection of window structures are important for indoor ventilation.
An excellent window structure can achieve a good ventilation effect, ensuring the
inflow of fresh air and the discharge of vitiated air. Through CFD simulation, re-
searchers can predict the airflow distribution, temperature distribution, humidity dis-
tribution, and other key parameters of different window structures to optimize the
design of window structure and improve indoor ventilation effect.
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Therefore, the study of the effects of CFD-based window structures on indoor ven-
tilation can provide guidance for the design and optimization of window structures
and help to improve indoor air quality, provide a comfortable indoor environment,
and reduce the risk of disease transmission and indoor air pollution.

In summary, window structure has a significant impact on indoor ventilation. By
studying the diversity of window structures, the flexibility of their opening modes,
and the thermal conductivity of the window materials, researchers can better under-
stand the mechanism of the windows influencing indoor ventilation, so as to provide
scientific and effective design suggestions to optimize indoor ventilation environ-
ment, improve indoor air quality, and create a more comfortable and healthier living
environment for residents.

2 Experimental Methods and Calculation Models

2.1  Experimental Methods

In this study, three common window structures were simulated to investigate the im-
pacts of different window structures on indoor ventilation. The three structures were
left-right sliding window (L-RSW), push-pull rotating composite window(P-PRCW),
and up-down rotating window (U-PRW) (Fig. 1). An indoor CFD flow channel model
was established for each window to simulate the indoor airflow under different win-
dow structures. During the simulation, the opening state of the window and the out-
door wind speed were considered, and a standard turbulence model and boundary
conditions were used for the simulation -5,

a. Left-right sliding window b. Push-pull rotating composite window c. Up-down rotating window
1. Window frame 2. Left rotating sash 3. Left push-pull sash 4. Right, push-pull sash
5. Lower fixed sash 6. Right rotating sash 7. Upper fixed sash

Fig. 1. Window structures

2.2 Mesh Division

Corresponding 3D models of the window structures were established in the 3D mod-
eling software UG, and relevant flow channels were extracted (Fig. 2) and imported
into Gambit software for mesh division (Fig. 3). For the mesh type, the tetrahedral
unstructured mesh with strong adaptability was used. The minimum mesh was 4 mm
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in size, the maximum mesh was 15 mm in size, the mesh augmentation ratio was 1.05,
and the meshes were encrypted under the inlet and outlet boundary conditions. The
total number of divided meshes for the left-right sliding window flow channel was
89,856, the total number of divided meshes for the push-pull rotating composite win-
dow flow channel was 91,385, and the total number of meshes for the up-down rotat-
ing window flow channel was 98,233. All the divided meshes were saved in *.msh
format. In order to meet the calculation requirements, the *.msh meshes were opened
with Fluent software, and one end of the window inlet was set as inlet boundary con-
dition, and the other end of the outlet was set as outlet boundary condition.

a. Left-right sliding window flow channel b. Push-pull rotating composite window flow channel

c. Up-down rotating window flow channel

Fig. 2. Window flow channel models

2.3 Mathematical Model

When the air passes the window, the Reynolds number of the airflow in the room was
R~9.8x10%, and the flow type was regarded as turbulent. Standard k- was used in the
Fluent calculation, and the airflow was incompressible which satisfies the continuity
equation:
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Where, Vs, V, and V, are velocity vectors in X, Y, and Z directions, respectively.
Momentum conservation equation:
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Where, p is the pressure, Pa; 1., Ty, and 1. are the components of viscous stress T
in the three directions, respectively, Pa; F., F), and F:are the mass forces. If the mass
force only includes gravity, then =0, F,=0, and F.=-Go.

Fig. 3. Mesh division of window flow channel models

3 Simulation Results and Analyses

3.1 Simulation Results

Before simulation calculations, the space needs to be divided into mesh models first
to accurately present the window structure and the airflow flow status (Fig.3). When
defining the boundary conditions and parameters, the material, size, and opening
mode of the window, as well as the airflow rate and temperature should be consid-
ered. The accuracy and reliability of the calculation model should be also ensured to
achieve reliable simulation results. During the simulation calculations in Fluent soft-
ware, the airflow rate was set to 1 m/s, and the number of iteration steps was set to
50,000 steps. In each iteration step, the software would calculate according to the
preset boundary conditions and parameters and update the distribution of the airflow
velocity field. During the calculation process, the change of the residual curve was
monitored until the curve converges when it means the calculation results have been
stabilized. Finally, the simulation calculations were performed using Fluent software,
and three simulation airflow velocity cloud maps were obtained. Fig. 4a was the simu-
lation velocity cloud of left-right sliding window; Fig. 4b was the simulation velocity
cloud of push-pull rotating composite window; Fig. 4c was the simulation velocity
cloud of up-down rotating window. These simulation results can intuitively show the
airflow status of different types of windows, which can provide a reference basis for
window design and airflow optimization.
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c. Simulation velocity cloud of up-down rotating window

Fig. 4. Simulation results cloud maps of different window structures

3.2 Analyses of Simulation Results

Fig.4 shows the airflow of three different window structures and their effects on in-
door air circulation. As shown, the airflow directions of the three window structures
were all from left to right. In Figure 4a, the maximum velocity of the left-right sliding
window was 0.98 m/s, and the mean value was 0.62 m/s. The airflow was mainly
distributed in the direction of the two-end window streamlines, with a large energy
loss, and the indoor air circulation was relatively fast; in Figure 4b, the maximum
velocity of the push-pull rotating composite window was 1.26 m/s, and the mean val-
ue was 0.89 m/s. The airflow was mainly distributed in the direction of the two-end
window streamlines with a high flow rate, and the airflow can promote indoor air
circulation; in Figure 4c, the maximum velocity of the up-down rotating window was
0.92 m/s, and the mean value was 0.25 m/s. The airflow was disturbed in the room,
and finally flew out from the exit window, with less energy loss, the lowest airflow
velocity, the longest indoor air exchange time, and low air exchange efficiency. To
sum up, push-pull rotating composite window has obvious advantages in air exchange
efficiency, which can quickly and effectively accomplish indoor air circulation and
improve indoor air quality. The following window type is left-right sliding window
which can change air quickly but with larger energy loss. The up-down rotating win-
dow has the lowest air exchange efficiency. Although it can reduce energy loss, its air
exchange speed is the lowest. Therefore, suitable window types should be selected
according to the actual needs and environmental conditions to improve indoor air
quality and comfort.
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4 Experimental Verification

In this study, the Shima AS836 handheld anemometer (Fig.5) was used to detect the
wind speed in the indoor space corresponding to the three windows, and the windows
were oriented in the east-west direction. The external environment temperature is
18 °C, westerly wind, wind speed 1m / s. From the east side of the window to the west
side of the window, 1.7 m from the ground height measurement (the height of the
person standing breathing), every 0.5 m as a measurement interval. The experimental
results are shown in Fig.6. By comparing the experimental results with the simulation
results, the error is within 10%, which meets the engineering requirements and proves
the reliability of the simulation.
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1.2 F—+— U-PRW Simulation U-PRW Experiments

0.9

Velocity/m-s™!
o
>
T

0.3

0.0
0.0 0.6 12 18 2.4 3.0 3.6 42

Distance/m

Fig. 5. Shima AS836 handheld anemometer Fig. 6. Experimental and simulation results

5 Results and Discussions

Results: According to the simulation results, different window structures have signifi-
cant effects on indoor air circulation. When designing a new building, windows
should be selected not only for aesthetic and lighting purposes but also for their ef-
fects on the indoor air quality. Especially in modern buildings with high airtightness,
the choosing of window structures is particularly important. Up-and-down rotating
windows can limit indoor air circulation, causing uneven distribution of indoor air-
flow and decreasing the indoor air quality. In contrast, left-right sliding windows and
push-pull rotating composite windows can better refresh indoor air and improve in-
door air quality. In particular, push-pull rotating composite windows can maximize
the exchange of indoor and outdoor air, and effectively improve indoor air quality.
Discussions: In modern architectural design, the window is not only a tool for
lighting and ventilation, its structure and design directly affect the indoor air exchange
rate and energy consumption. The left-right sliding window and the push-pull rotating
composite window have a large ventilation area, which can speed up the indoor air
update speed and effectively improve the indoor air quality. In particular, the push-
pull rotating composite window have the largest ventilation area, which can maximize
the indoor and outdoor air exchange and improve the indoor air quality. Appropriate
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window layout can promote air circulation, reduce dependence on mechanical ventila-
tion systems, and thus reduce energy consumption.

The results of this study have shown the significant effects of window structures on
indoor air circulation. Architects should choose suitable window structures when
designing buildings so as to achieve good indoor air circulation. Based on the CFD
simulation method, building designers can better understand the effects of different
window structures on indoor air circulation and provide a reference basis for optimal
designs. This is of great significance for improving the indoor environmental quality
and living comfort of buildings. In the later stage, the study of window structure on
indoor air quality will continue.

6 Conclusions

This study evaluates the impact of various window structures on indoor ventilation
using CFD simulations in ANSYS Fluent, comparing left-right sliding, push-pull
rotating composite, and up-down rotating windows. The results show that push-pull
rotating composite and left-right sliding windows significantly improve indoor air
circulation, offering insights for window selection in architectural design to enhance
air quality and comfort.
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The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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