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Abstract

The aim of this study is to identify new approaches to ensuring favorable conditions for
people in the urban environment around the Registan Square during the high summer
temperatures. This study examines a computer model that serves as a source of physical
parameters and data necessary for creating a detailed simulation of the external microclimate of
the Registan Square historical monument in Samarkand, encompassing both architectural
elements and hypothetical adjacent green spaces in a hot climate.

The microclimate around historical monuments requires a scientific and accurate assessment of
the surrounding environment. The subject of this detailed analysis was the temperature and
aeration conditions near the monument. The use of CFD modeling at the pre-project analysis
stage significantly optimizes the decision-making process in microlandscape design. Simulation
results in Ansys Fluent indicate a decrease in air temperature and a change in wind speed in the
green zone, which contributes to a more comfortable microclimate around the monument. The
generated quantitative microlandscape layout scheme is suitable for determining the impact of
wind characteristics and managing temperature conditions through a complex of green spaces
that ensure a uniform and balanced flow of thermal energy into the surrounding area.
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Introduction

From an environmental perspective, the use of microlandscapes to improve the microclimate
in areas with historical buildings is highly relevant. Plants can mitigate the impact of abnormally
high temperatures, contribute to a healthier atmosphere, and provide more pleasant living
conditions. However, the selection of planting species and schemes requires scientific
justification, taking into account many variables.

Samarkand, with its unique climatic conditions and active construction, is a suitable site for
this research. In the local hot climate, the importance of green spaces for reducing temperatures
and improving aeration increases exponentially. One of the pressing issues in modern design in
areas of historical monuments is the creation of a microlandscape with a favorable microclimate,
providing comfortable conditions for the effective development of domestic and international
tourism.

Since temperature conditions dictate approaches to the ecological development of
monuments, it becomes necessary to study air movement within the historical sites themselves as
isolated entities. For open-air historical monuments, it is critical to ensure an appropriate
temperature and humidity balance. Humidity levels directly correlate with the volume of planted
vegetation and the frequency of watering. Landscaping along the inner perimeter of Registan
Square is considered one possible way to integrate greenery.|[1]

Over the past twenty years, numerical calculations of aeration systems have established
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themselves as a key element of urban design. Analysis of such problems is presented in the
works of both domestic [2] and foreign (particularly Japanese) researchers, covered in more
detail in specialized reference books [3], as well as in articles [4-7] and other publications.
Mathematical modeling of air masses flowing around buildings and green spaces provides a
detailed understanding of air velocity distribution, pressure, and turbulence. This opens up
opportunities for assessing and managing the microclimate near historic buildings and vegetation,
providing data on a scale unattainable through physical testing.

The synthesis of architectural and urban planning experience with computational fluid
dynamics (CFD) methods is key to creating comfortable urban spaces. Conducting virtual tests
provides detailed information on air flow trajectories and enables the simulation of processes at a
wide range of scales. Consequently, the determination of aeration parameters for a given site,
taking into account climatic conditions, can be quickly performed in a digital modeling
environment [8] as part of ventilation studies [9].
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Fig. 1. Geometric spatial model of Registan Square with microlandscape
and airflow velocity indicators

Materials and Methods
The microclimate modeling of Registan Square with a perimeter green area was performed
using the Ansys Fluent software module (Fig. 1). A green area of Registan Square

measuring 100 square meters was considered for the first stage of the study. This terrain area is
characterized by a 2% slope, varying from 0 to 1°, which is typical of gently sloping plains.[10]
In this case, the standard Realizable k-¢ model of turbulent gas flow was used, based on the
Reynolds solution of the Navier-Stokes equation. [11] The Reynolds value for external flows
around an obstacle is assumed to be 10,000 units. The green area was defined as an isotropic
porous region. [11, 12]

The geometric spatial model consists of four objects (Fig. 1):
a) the historic Registan building (solid region);
b) green space (porous region);
¢) ground (flat region);
d) airflow (gaseous region).
The mesh was created in Ansys Meshing, a universal mesh generator integrated into the
Ansys Workbench computing environment. The mesh model is non-uniform in cell shape and
placement, with condensation areas around the buildings.
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The green space mesh generation method is MultiZone with the All Quad mesh type. The
airflow mesh was generated using the Proximity option, which provides a fine mesh size with a
maximum skew of 0.49, a good result (Fig. 2).

Fig. 2. Geometric mesh model in section: building, green area, airflow

Mesh — geometry of the green area for Fig. 2.

Table 1
Max pasmep | Min pasmep | Min  onuna | Min  pazmep | Hopmanvhuiii yeon
971eMeHmos (m) anemenmos (m) | kpomxu (m) KpUBU3HbL (M) | KPUBU3HDL
1,2175 1,0117 0,5 1,e-003 18

Fig. 3. Shows a diagram of the orthogonal quality of the completed mesh corresponding to the
number of calculation elements of the selected models, where the predominant
type of elements is a rectangular and tetrahedral mesh.
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Fig. 3. Orthogonal quality diagram of a mesh network

The input parameters are pressure and velocity vector, and the output parameter is
temperature. We used a viscous ideal gas model for the material, whose parameters correspond
to those of the standard atmosphere at sea level: P = 101325 Pa, p = 1.225 kg/m3, T = 288.15
K.[11] The results are presented as comparative temperatures and wind speeds in the green area
in front of the Registan building.

The airflow spreads over the concrete surface and heats it from +44°C to +67°C over the
course of a day. Using the discrete ordinate radiation model in the porous body model eliminates
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the ability to specify nonequilibrium heat transfer, leading to an increase in temperature in the
green area to +37°C.

Results and Discussion

ANSYS-Fluent demonstrates high accuracy and consistency in calculating microclimate
characteristics. However, difficulties arose at the modeling stages, including constructing the
computational mesh, defining boundary conditions, describing cell conditions, and defining
material properties for objects lacking a standard library description. Furthermore, although the
program's capabilities for calculating radiative heat transfer are quite robust, modeling trees
represented as porous structures proved challenging (Fig. 2). However, for validation (Fig. 4)
and testing the proposed computational scheme in simulated scenarios, this problem was
overcome through the use of user-programmable functions (UDFs) and tables describing the
dynamics of parameter changes over time.

Fig. 4. Iteration diagram

Along the reinforced concrete pavement, with a microlandscape area present, a recirculation
zone appears on the surface, where the airflow stagnates, reducing its velocity to zero. Outside,
around the greenery, the velocity increases to 1.4 m/s (Fig. 1). The model describing the
absorption of thermal energy by the greenery remains open. Since the planting area is 100 m2,
the water consumption per m2 is 20 liters per day. The heat of evaporation of water is 2300 kJ/kg
at atmospheric pressure. If we assume that all the water entering the trees from the soil
evaporates, this will require

Q=FxqxL,[l1]

where F is the planting area, q is the water consumption, and L is the specific heat of evaporation
of water. As a result, we obtain Q = 4,600,000 W of thermal energy. The specific heat flux is
4,600,000 / 6.800 = 676.5 W/m?*. With a heat flux of 676.5 W/m? in the green area, we obtain the
most effective temperature field of 28°C — 32.5°C.

Conclusion

Based on the data obtained during the computer modeling, we can conclude: if the proposed
microlandscape is placed along the perimeter according to its design configuration, assuming a
prevailing easterly wind speed of 2-3 m/s and irrigation of the vegetation, which will provide a
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heat load of 676.5 W/m?, then a temperature reduction of 5°C in shaded areas within the studied
Registan area is possible.

The use of this numerical method made it possible to determine how exactly the green elements
of the microlandscape contribute to improving conditions in the historic Registan Square. This is
achieved through the ability of these areas to accumulate and absorb heat, thereby mitigating the
"heat island" phenomenon by stabilizing the temperature regime of various surfaces in hot urban
climates.
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