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Abstract

With the acceleration of urbanization and the increase of urban population, environmental issues
such as excessive anthropogenic heat release, air pollution, and urban heat island effects have
emerged within cities, leading to the gradual deterioration of urban wind-thermal environments.
Consequently, research on urban wind-thermal environments, developed based on fluid mechanics
as the theoretical foundation, has progressively increased. Since a significant body of studies on ur-
ban wind-thermal environments relies on fluid mechanics as their theoretical basis, this paper aims
to systematize the application processes and methodologies of fluid mechanics in this research do-
main. First, this paper briefly analyzes the rationale for employing fluid mechanics in urban wind-
thermal environment studies. Second, it conducts an in-depth analysis of the forces acting on an
infinitesimal air fluid element along the x-axis in a Lagrangian coordinate system, explaining the
specific causes of each force based on the velocity relationship between the element and its sur-
rounding fluid. Similar analyses apply to the y- and z-axis directions. Subsequently, the mass con-
servation, momentum conservation, and energy conservation equations for the infinitesimal fluid
element in the Lagrangian framework are derived. The paper then provides a concise review of
boundary layers and airflow states in urban wind-thermal environment research, including meth-
ods for determining boundary layer thickness, as well as the advantages, limitations, and selection
criteria of turbulence models. Finally, the Northern District Dormitory Area of Qingdao University
of Technology’s Jialingjiang East Road Campus (hereafter referred to as the Northern Dormitory
Area) is examined as a case study. Computational fluid dynamics (CFD) simulations are performed
using ANSYS software to model the wind-thermal environment, yielding detailed wind speed fields,
temperature fields, and wind pressure fields for the Northern Dormitory Area.
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Figure 1. x-direction force diagram of infinitesimal
moving fluid element
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Figure 2. Mainstream turbulence model
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Figure 3. North District dormitory revit model
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Figure 5. Wind speed cloud picture of North District Hostel at 1.5 m
pedestrian height
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Figure 6. Temperature cloud picture of North District Hostel at 1.5 m
pedestrian height
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Figure 7. Wind pressure cloud picture of North District Hostel at 1.5 m
pedestrian height
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