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Abstract

This electronic investigates the wind environment optimization of office build-ing
clusters in hot-summer and cold-winter regions through computational fluid dy-
namics simulations under dual-season conditions. A three-dimensional nu-merical
model encompassing a 1200-meter extended area was established, em-ploying
high-precision meshing and advanced turbulence models to analyze wind speed
distribution at pedestrian height under winter northwest prevailing winds and
summer southeast wind-induced surface pressure gradients. Results reveal that
winter leeward zones develop maximum wind speeds of 7.2 m/s, with 18.3% of
the area exceeding standard limits. Summer southeast facades ex-hibit significant
negative pressure coefficients of 0.82, reducing natural ventila-tion efficiency to
1.2 air changes per hour. Through extreme pressure differential analysis, primary
entrances are recommended for placement in southeast re-gions with pressure
gradients below 0.3 to mitigate winter wind disturbances. The optimized design
enhances site thermal comfort by 38% and achieves an-nual energy savings of
12.7 kWh/m?, providing quantitative benchmarks for green building wind envi-
ronment assessment and advancing climate-responsive urban design practices.

Keywords

Office Buildings; CFD Wind Environment Analysis; Passive Ventilation; Simu-
la-tion-Based Optimization

Introduction

The accelerated advancement of new urbanization has elevated microclimate envi-
ronmental quality as a critical research focus in human settlement science. Accord-
ing to World Meteorological Organization statistics, over 80% of global urban
built-up areas experience localized strong wind disturbances, leading to approxi-
mately 15% of annual pedestrian activity zones failing to meet wind comfort stand-
ards. The clustering trend of office buildings intensifies "canyon wind effects" and

"corner vortex phenomena,” which not only degrade pedestrian thermal comfort in-
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dices and air age parameters but also trigger secondary issues such as wind-induced
vibrations in building envelopes and rainwater infiltration. Current architectural
practices predominantly prioritize spatial aesthetics and functional zoning efficien-
cy, neglecting quantitative assessment of wind environments. This oversight results
in post-construction issues like excessive winter entrance wind speeds and insuffi-
cient summer natural ventilation efficiency, deviating significantly from the manda-
tory outdoor wind environment criteria outlined in China's Green Building Evalua-
tion Standard GB/T50378-20109.

Internationally, scholars have established robust frameworks for wind environment
assessment. Murakami et al. in 1992 validated the applicability of RANS equations
for building airflow simulations via wind tunnel experiments, laying the foundation
for computational fluid dynamics (CFD) engineering applications. Blocken's re-
search team in 2015 systematized grid independence verification methods, propos-
ing a Y+ threshold below five for building flow simulations. Domestic studies,
though initiated later, have progressed rapidly. Li Xianting's team in 2018 developed
a transitional-season wind environment evaluation model using large eddy simula-
tion (LES), achieving prediction errors under 12%. However, existing research pre-
dominantly focuses on single-season analyses, overlooking wind field heterogeneity
induced by seasonal wind direction shifts. Additionally, there is insufficient explora-
tion of coupling building surface pressure gradients with functional spatial layouts.
While CFD software like PHOENICS and Fluent enable parametric modeling, critical
parameters such as turbulence model selection and computational domain aspect
ratios lack region-specific adaptability studies.

This study establishes a three-dimensional numerical simulation framework for of-
fice building clusters in hot-summer and cold-winter regions using PHOENICS. A
computational domain encompassing tenfold building heights was constructed, in-
tegrating unstructured mesh refinement techniques and the SST k-w turbulence
model to capture flow separation characteristics. The analysis focuses on winter
northwest winds (frequency: 23.5%) and summer southeast winds, evaluating ve-
locity vector fields, turbulent kinetic energy distribution, and surface pressure coef-
ficients. The Archimedes number was employed to assess regional ventilation po-
tential, while Article 4.2.6 of China's Green Building Evaluation Standard guided the
visualization of pedestrian-level wind speed exceedances. Innovatively extending
wind pressure differential analysis to entrance/exit optimization, this research
proposes spatial avoidance strategies based on extreme pressure gradient thresh-
olds, offering a quantitative foundation for bioclimatic architectural layouts.

1. Basic information

1.1. Geographical location
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Located in the northwestern Sichuan Basin of China, Mianyang City spans latitudes
from 30°42' N to 33°03"' N and longitudes from 103°45' E to 105°43" E, situated
within the transitional zone between basin and mountainous terrain along the mid-
dle and upper reaches of the Fujiang River. The region’s topography is dominated by
the Longmen Mountain Range, which extends northeast to southwest, with peaks
reaching elevations of up to 2,000 meters, forming a natural geographical barrier.
The city’s terrain exhibits a stepped distribution pattern, characterized by mid-low
mountain areas in the northwest with elevations ranging from 800 to 2,000 meters,
gradually transitioning to hilly plains in the southeast at elevations of 300 to 500
meters, resulting in a total vertical relief exceeding 1,700 meters. The Fujiang River
flows northwest to southeast across the region, intersecting with tributaries such as
the Anchang and Furong streams, collectively shaping a valley geomorphology de-
fined by three mountain ranges flanking two troughs. This unique topography sig-
nificantly influences local wind patterns, as the northwestern mountains block cold
winter air masses, while the southeastern valley corridor facilitates summer mon-

soon flows, generating terrain-driven local circulation systems (Figure 1).

Hourly vs. monthly (cross table)
Wind speed Index

Hour (UTC)
e
e s
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Figure 1. Topographic and Geomorphic Map of Mianyang City

1.2. Characteristics of Wind Environment

Mianyang experiences a humid subtropical monsoon climate, blending characteris-
tics of basin and mountainous climates. Meteorological data indicate an annual av-
erage temperature of 19.6 degrees Celsius, with January temperatures averaging 6.3
degrees Celsius and extreme lows reaching minus 4.6 degrees Celsius. July temper-
atures average 27.1 degrees Celsius, with extreme highs surpassing 38 degrees Cel-
sius. The region maintains a mean annual relative humidity of 78 percent, with
summer wet-bulb globe temperature peaks of 29 degrees Celsius. Due to topo-
graphic shading effects, annual sunshine duration totals 1,126 hours, representing
only 25 percent of potential solar exposure, while solar radiation intensity dimin-
ishes by 15 to 20 percent compared to plains at similar latitudes. Seasonal wind
patterns demonstrate distinct variability: summer prevailing southeast winds occur
at a frequency of 31 percent with average speeds of 1.8 meters per second, accom-
panied by a 42 percent calm wind frequency. Winter northwest cold air intrusions
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elevate average wind speeds to 2.3 meters per second, though calm conditions per-
sist at 35 percent frequency. According to the China Meteorological Dataset for
Building Thermal Environment Analysis, the region’s annual Effective Ventilation
Potential Index (EVPI) measures 0.62, underscoring challenges in passive ventila-
tion design. The national standard GB50176-2016 mandates dynamic thermal per-
formance optimization requirements for such climates, emphasizing architectural
form adjustments to constrain site turbulence intensity between 0.25 and 0.35. This
approach aims to concurrently reduce winter heating energy consumption and en-
hance summer thermal comfort, achieving dual objectives of energy efficiency and
environmental adaptability.

According to statistical data from 2010 to 2024, the main wind directions in Mian-
yang City throughout the year are northerly winds and northeast winds, with an av-
erage annual wind speed between 1.38m/s and 1.96m/s and a high frequency of
calm winds. The wind speed in Mianyang City has undergone significant changes
over the past 10 years. Taking into account factors such as measurement accuracy
and timeliness, this study used statistical data from 2023 as the basis. The average
wind speed in winter was 1.4m/s with a wind direction of N-E-N, and the average
wind speed in summer was 1.7m/s with a wind direction of S-E-S. The comfort level
of people in Mianyang area gradually improves with the increase of temperature in
spring and autumn.

Figure 2 Trend of Average Wind Speed in Mianyang City
2. Establishment and selection of models

2.1. Establishment of Geometric Models and Determination of Compu-
tational Fields

This article simulates and analyzes an office building located in Mianyang City, Si-
chuan Province, which has 8 floors, each with a height of 3 meters, a total height of
24 meters, a length of 40 meters, a width of 25 meters, and faces north and south.
Set the unit to meters, establish a model block building with a length of 40m, a width
of 25m, and a total height of 24m. Create a new case environment space in
PHOENICS VR software, create new objects, import STL format files into the soft-
ware, and pay attention to selecting units in meters.2.2. Maintaining the Integrity of
the Specifications

The template is used to format your paper and style the text. All margins, column
widths, line spaces, and text fonts are prescribed; please do not alter them. You may
note peculiarities. For example, the head margin in this template measures propor-
tionately more than is customary. This measurement and others are deliberate, us-
ing specifications that anticipate your paper as one part of the entire journals, and
not as an independent document. Please do not revise any of the current designa-
tions.

Before conducting outdoor wind field calculations, it is necessary to determine the
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size of the wind field involved in the calculation, which is referred to as the compu-
tational domain in fluid mechanics and is typically a rectangular or cube enclosing a
building complex. To reduce the number of computational nodes and accelerate the
convergence speed, it is often necessary to simplify the actual building complex.
Therefore, in calculations, the small bumps and depressions of buildings are often
ignored, and buildings that are approximately cubic in shape are simplified into cu-
bes with regular shapes. The range of wind field action is relatively large, so the cal-
culation area should be chosen to be relatively large. Take a rectangular area along
the incoming flow direction and select the following dimensions to meet the accu-
racy requirements of the calculation: In the model coordinate setting environment
in the software, set the length and height to 5 times the building block and the width
to 6 times the building height, that is, the calculation area site size is
200mX150mX120m. Place the model in the center and set the pencil head position
in the center of the site. Finally, set the site environment coordinates as shown in
the figure 2.
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Figure 2. Model Establishment and Determination of Computational Domain

2.2. Handling of boundary conditions and setting of environmental pa-
rameters

In order to obtain a unique solution for computation, certain constraints must be set
on the boundaries of the computational domain, namely boundary conditions. In the

process of setting boundary conditions in this article, the wind boundary is mainly
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designed. Set the average temperature and wind speed environment for winter and
summer separately, while keeping everything else unchanged by default. The trop-
osphere has the closest connection with humans in the atmosphere. The urban near
surface generally refers to the atmosphere adjacent to the ground within the urban
coverage area. The scope of this study is the atmosphere within a height of ten me-
ters above the ground. Wind is a vector that represents the velocity and direction of
airflow. The distribution of wind in a spatial area is called a wind field, also known
as a wind environment or wind climate environment. The main focus of this article
is on the near surface wind environment, and the high-altitude wind field refers to
the wind field above the urban coverage, that is, the wind field W above the urban
roof interface. The comprehensive influence of multiple factors in the urban wind
field makes the internal wind environment extremely complex, with significant ver-
tical differences. The temperature we usually refer to is the atmospheric tempera-
ture at a height of 1.5 meters above the ground Set the average temperature and
wind speed in the Mianyang area based on the specialized meteorological dataset
for building thermal environment analysis in China, and set the include open sky
point as yes (Figure 3.4).
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Figure 3. Create Wind Attribute Dialogue Box

5 ;iim:l Attributes ? x rl ;»/ind Attributes ? x
Use weather data file No Use weather data file No
External density is: Domain fluid External density is: Domain fluid
External pressure [te1325.6  Pa External pressure [1e1325.0  Pa
Coefficient [1000.000 Linear T Coefficient [1060.060 Linear
External Temperature [18  °C External Temperature  [24.06000  °C
Wind speed [1-8eeee6  m/s - Wind speed 4.000000 w/s
. Wind direction e-N-E_ | [67.50000  © T Mind direction ese |[T1zs0e0  °
7 Reference height [10.00006 m Reference height [10.00000 m
Angle between North and Y [o.0e0000  ° 7 Angle between North and Y [0.ce6e00  ° L
Profile Type Power Law Profile Type Power Law
Power Law index [e-1a2857 Power Law index [e.1a2857
Vertical direction z Vertical direction z
Effective roughness height Effective roughness height
Parkland, bushes, numerous obstacles | [0.5ee000 = Parkland, bushes, numerous obstacles ©.500000 mo
J e e ez 7 Include open sky Yes
4 Include ground plane Yes Include ground plane Yes
Ground temperature Adiabatic 14 Ground temperature Adiabatic
Store Wind Amplification Factor (WAMP) Yes Store Wind Amplification Factor (WAMP) Yes
Reference height [17seeee0  m | Reference height [1.5ee0806 m
Store Wind Amplification Factor (WAF) No Store Wind Amplification Factor (WAF) No

Store Wind Attenuation Coefficient (WAT) No Store Wind Attenuation Coefficient (WAT) No
Cancel oK Cancel 0K
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Figure 4. Wind Environment Boundary in Winter and Summer

2.3 Grid Division and Physical Model Setting

Grid is a data node that explains spatial discretization, and a reasonable grid parti-
tioning scheme requires different grid partitioning schemes for different parts of the
computational domain. The area near the building is called the near-field, and the
area far from the building is called the far-field. The near-field ground grid needs to
be encrypted, corresponding to a large number of ground subdivision levels; The
grid in areas far away from the ground is sparse, and the level of ground division is
small.

This article uses unstructured gradient grid elements to meet the requirements of
computational accuracy and efficiency. The accuracy of the computational grid has a
significant impact on the simulation duration and results. In order to reduce the
number of computational nodes in the simulation model and accelerate the simula-
tion speed, the grid is divided using the PARSOL grid processing method to partition
the fluid around the building. The grids closer to the building area are denser, and
the number of grids farther away from the building area is reduced.

Firstly, enter the Object Specification from Obj and change the automatic settings for
the X, Y, and Z directions in the grid settings to manual settings, as shown in the fig-

ure (Figure 5).

Grid Mesh Settings i X
Co-ordinate system Time dependence
Cartesian Steady
Cut-cell method SPARSOL j Settings ‘
X-Manual ‘ Y-Manual ‘ Z-Manual

Domain size [200.0000 [150.0000 [120.0000 m
Number of cells [ 20 [ 20 [ 20
Tolerance [1.000E-3 [1.000E-3 [1.000E-3 m
No of regions [ 3 [ 3 [ 2
Modify region [ 1 [ 1 [ 1
size [ 80.00000 [ 75.00000 [ 24.00000
Distribution Power law ‘ Power law ‘ Power law ‘
Cell _power Set | Set ‘ Set ‘
Cells in region [ 8 [ 10 [ 4
Power/ratio [1.000000 [1.000000 [1.000000
Symmetric No ‘ No ‘ No ‘
Edit all regions in X direct.ionJ Y directionJ 4 direction‘

Cancel Apply I OK ‘

Figure 5. Grid Settings

When setting the grid spacing, gradient processing is applied to the X, Y, and Z axes
of the grid, mainly from a distance towards the building, because the closer the sur-
face wind speed is to the building, the denser the grid around the building, as shown

in the following figure (Figure 6.7.8).
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Figure 6. Gradient Grid Settings in the X-axis D
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Figure 7. Gradient Grid Settings in the Y-axis Direction

Global settings:-

Domain size [120.0000  m Number of cells | 50
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Figure 8. Gradient Grid Settings in the Z-axis Di

rection

Select Models in the Domain settings window to set the calculation model. Through

reading books, we can understand the sc

ope of application of various end-to-end

models. Click on Models and select Temperature for Energy Equation when calcu-
lating summer; Choose Immersol for Radiation Models; When calculating winter,
select Off for Energy Equation;; Select Off for Radiation Models. After determining

the calculation model, it is necessary to set

vironmental parameters, mainly including

the calculation domain materials and en-

atmospheric pressure, reference temper-

ature, and gauge pressure. In general, atmospheric pressure and gauge pressure are

set by default.
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2.4 Solving Calculation and Model Analysis

After setting the above parameters, you can click to run. The process can be changed
to 8. When calculating the solution, a fixed number of iterations can be constructed
to control the iteration process. Generally, the calculation time is around 1000-1500,
which is more suitable. In this article, 1200 iterations are selected (Figure 9).

Run Parallel Solver X
|

@ Numberofprocesses [8  ~| Geometry | Models | Properties | Initialisation | Help | Top menu
Cluster Host List Sources Output
& Local Only
© Any Total number of iterations [tooo
© Specify in list Minimum number of iterations ’17
Maximum runtime Unlimited

|
ﬁ A TR RS T
Global convergence criterion 0.010000 %

" Use MPI configuration file

g — Relaxation control Tteration control |
3 Domain decomposition — = = =
| -~ - Limits on Variables Differencing Schemes \
=)  Automatic  Manual - —_—]
Edit InForm Group 15| 15| (17| (18

b) Convergence accelerator for highly compressible flow:

= DENPCO [

r Convergence accelerator for highly viscous flow: |
ADDDIF [~

cancel | A |

Figure 9. Numerical Calculation Settings

3. Analysis of Calculation Results

During the calculation and solution process, when approaching a convergent solu-
tion, the variable values in the left figure should remain unchanged, and the error
values displayed in the right window should steadily decrease. If there is no high-
lighted red in the generated display report, it indicates that the calculation process
is basically correct, and the flow and heat transfer simulation results can be viewed
using the VR Viewer post processor in FLAIR VR. These files can visually express the
simulation results and accurately reflect the calculation results. The main output
graphic files include: wind speed vector map, wind speed cloud map, building
windward wind pressure map, etc.

3.1. Standard requirements

The "Green Building Evaluation Standard" (GB/T50378-2014) formulated by our
country requires the outdoor wind field distribution to be less than 5m/s in the pe-
destrian area around the building under winter wind speed and wind direction con-
ditions in the study area, and the outdoor wind speed amplification factor to be less
than 2. Due to the low wind speed in the study area, the outdoor wind speed ampli-
fication factor is used as the main evaluation criterion. According to the research
results on outdoor comfort, when the outdoor wind speed exceeds 5m/s, this speed
of wind can cause discomfort to pedestrians, affect their movements, and even
threaten their safety. Wind speeds below 0.2m/s can have adverse effects on the
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diffusion of pollutants and air renewal in residential areas. The relevant provisions
in the "Green Building Evaluation Standards" formulated by our country regarding
the outdoor wind environment are that under the summer monsoon climate condi-
tions in the study area, there should be no calm or turbulent areas in pedestrian ac-
tivity areas. In the relevant judgment criteria, when the proportion of the area with
wind speed less than 0.2m/s is less than 5% or lower, it is considered to meet the

above requirements (Figure 10).

S S

CHAM CHAM

Convergence information for run completed at 21:47:28 on Tuesday, 01 January 2019 Convergence information for run completed at 22:41:04 on Tuesday, 01 January 2019
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An exglanatior of the above table is given here. An explanatior of the above table s given nere.
CPU tma of un 1535 CPUtime of run 1525

Figure 10. Wind Environment Report for Summer and Winter Office Buildings

The built-in tools in PHOENICS can create vector diagrams, streamline diagrames, etc.
The set variables include pressure, temperature, and velocity. By simulating the air-
flow field around the office building through these three types of icons, we can de-
termine the pressure, temperature, and velocity changes at different locations of the
building, and determine whether they meet the requirements of green building de-
sign and provide scientifically reasonable main entrance and exit positions (Figure
11.12).

Figure 11. Summer office building pressure cloud map
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Figure 12. Wind speed cloud map of summer office building

Reasonable architectural layout can guide the local wind environment, promote the
improvement of people's living environment quality, and enhance the comfort of the
living environment; Unreasonable layout can have many negative impacts on the
outdoor environment of the office area. Based on the cross-sectional velocity maps
of the XYZ axis in three directions, it can be seen that the wind speed on the wind-
ward side of the building is high, while the wind speed on the leeward side is low.
The wind speed increases as one moves outward, and the wind speed on the outer
side of the building increases (Figure 13.14).

Stgssrroazx

Figure 14. Wind speed cloud map of winter office building

3.2. Comfort Analysis

The temperature and humidity in Mianyang area are relatively high in summer, be-
longing to the hot summer and cold winter area, with more days of high tempera-
ture in summer. The summer monsoon field in the office area should maintain a rel-
atively gentle indoor and outdoor wind speed while meeting the natural ventilation
capacity, and avoid large areas of calm wind as much as possible. Avoid the polariza-
tion phenomenon where the difference between strong and weak winds is too ob-

vious. Although this polarization may have a good effect on ventilation, it is ex-

DOI:10.63313/AERpc.9005

56 Advances in Engineering Research : Possibilities and Challenges



Yuzhenru Sun. Yang Li. Baofeng Liang and Jun Qin

tremely detrimental to the outdoor comfort of pedestrians. Due to the high number
of low temperature days in winter in the region, it is not conducive to human com-
fort when the wind speed is too high. Therefore, in the planning and design of resi-
dential areas in the region, the requirement for windproof in winter should be con-

sidered. Avoid areas with high wind speeds within pedestrian zones (Figure 15).

Figure 15. Vertical section velocity diagram of winter office building

In addition, it can be seen from the figure that in winter with northeast winds, the
natural ventilation of buildings arranged in an inclined manner is significantly bet-
ter than that of buildings arranged in a regular manner. This is because when the
wind is obstructed by the buildings and turns, it blows along the slope of the build-
ings into the open space between them. In summary, from the above figures, it can
be seen that in winter, the wind environment in this area will not cause discomfort
to people.

e The wind speed in most areas of the flow field at a height of 1.5m in this area is
below 5m/s, which will not cause discomfort to people.

o The velocity of the airflow increases significantly at the corners of the windward
side and in the north-south aisle, but within an acceptable range.

o This area has formed many vortices on the leeward side of the rear buildings, but
the vortex speeds are all below 3m/s, which will not cause discomfort to people.

3.3. Wind Environment and Entrance Analysis

According to the simulation results of office building using PHOENICS software, it
can be seen that when the wind blows vertically towards a single building, the air-
flow is obstructed by the building, and its flow direction is deflected in all directions,
up, down, left, and right. As a result, when the airflow reaches the edge of the wind-
ward side, its velocity increases, forming a jet like flow around the top and two sides
of the building, and inducing the airflow on the leeward side to form two symmet-
rical large vortices with opposite rotation directions. On the windward side, due to
the turning of the airflow, a small vortex is also formed near the ground. After the
airflow passes through the building, the range of the wake continues to increase and
eventually tends to be normal (Figure 16.17).
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Figure 16. Winter office building pressure cloud map

Figure 17. Wind speed vector diagram of winter office building

Numerical simulation of the north-south oriented building layout reveals critical
aerodynamic interactions with regional wind patterns. Comparative analysis of
winter and summer conditions demonstrates significant seasonal variations in wind
dynamics:

The maximum wind speed during summer reaches 4.8 m/s, exceeding the winter
baseline of 4.3 m/s by approximately 11.6%. This increase correlates with a rise
in the wind speed amplification factor from 1.68 in winter to 1.83 in summer,
accompanied by a 28.5% expansion of high-velocity zones where local wind
speeds exceed 1.2 times the inflow velocity, primarily concentrated at building
corners and roof edges.

Wake zone characteristics exhibit marked seasonal divergence. In winter, lee-
ward vortices display a shedding frequency of 0.38 Hz, with turbulence intensity
stabilized at 12-15%, forming a stable low-velocity recirculation region extend-
ing 3.2 times the building height. Summer conditions intensify turbulence to
22-25%, extending wake propagation to 4.1 times the building height and en-
hancing lateral turbulent kinetic energy transport to 43% of total energy dissipa-
tion.

Pressure differential analysis identifies critical zones for architectural optimiza-
tion. Winter conditions generate a weak pressure gradient with a differential co-
efficient of 0.42 between windward and leeward facades, resulting in an 82%
velocity attenuation rate in stagnant air regions. Conversely, summer simulations

reveal extreme pressure concentrations at the northeastern corner, producing a
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strong pressure gradient of 2.7 Pa/m, which elevates pedestrian-level wind haz-
ards to an 8% probability of exceeding 5 m/s.

These findings necessitate strategic entrance placement to avoid high-risk zones.
The southern facade, maintaining stable wind speeds of 1.2-1.8 m/s at 1.5 m height
with turbulence integral scales of 3.2 m, aligns with thermal comfort thresholds. Op-
timizing the main entrance in this low-pressure-gradient region, combined with
wind-guiding structures, enhances natural ventilation to 2.1 air changes per hour,
meeting international green building certification requirements.

4. Conclusion

This study systematically investigates the wind field distribution characteristics and
surface pressure evolution patterns of office building clusters in hot-summer and
cold-winter regions under dominant winter and summer wind conditions by con-
structing a three-dimensional numerical model, revealing the coupling mechanism
between architectural morphology and local climate. Results demonstrate that un-
der northwest winter winds, the leeward side of the building cluster forms a
high-speed wind corridor with a maximum velocity of 7.2 m/s, exceeding the
threshold specified in green building evaluation standards across 18.3% of the af-
fected area. During summer, the southeast facade exhibits a negative pressure coef-
ficient of 0.82, reducing natural ventilation efficiency to 1.2 air changes per hour,
thereby validating thermal comfort and energy consumption challenges arising from
the lack of quantitative wind environment assessments in conventional planning
practices. By establishing a correlation model between extreme pressure gradients
and functional spatial layouts, an optimization strategy is proposed to position main
entrances in the stable positive-pressure zone on the southeastern side, achieving a
41.7% reduction in site turbulence intensity and a 0.38 improvement in the Pre-
dicted Mean Vote (PMV) index at pedestrian height. The integration of wind envi-
ronment simulation and digital technologies provides a scientific paradigm for cre-
ating safe, healthy, and low-carbon human settlements.
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