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The direction of the incoming flow wind and the architectural design has important influence on the microclimate 

of the residential area. As one of the common designs in subtropical areas, overhead building has been proven to 

improve the low-wind condition of pedestrian areas around buildings in high-density cities. However, the impact 

of the design on its surrounding microclimate (wind environment and thermal comfort) has not been quantified in 

depth. Through the fluid computation of CFD, this paper explores the influence of four different aerial heights and 

three wind directions on the microclimate of pedestrian areas around the aerial buildings. DDES model was 

selected for CFD simulation, and CFD prediction was compared with wind tunnel test, and their correlation 

coefficient was 0.96. Meanwhile, the physiological equivalent temperature (PET) was selected as the index to 

evaluate outdoor thermal comfort. The results show that the high wind speed area on the side of the building 

decreases with the increase of the ratio h/H between the aerial height and the building height. When to incoming 

flow direction and architecture into a 90°, significantly lower overhead pedestrian zone under the wind speed and 

body feeling hotter, this is not conducive to improve the subtropical summer monsoon city environment and the 

pedestrian thermal comfort. In this paper, DDES model is used to analyze the influence of building overhead 

height and wind direction on wind environment and thermal comfort of pedestrian area, which is of guiding 

significance for future urban microclimate design. 

Urban microclimate; Overhead design of building; DDES Model; Wind environment of pedestrian area. 

1. Introduction

With the popularity of the concept of livable city construction, urban residents are eager to live in a more 

comfortable urban micro-climate environment to participate in outdoor recreation activities, such as walking, tai 

chi and square dancing, which are more important in pedestrian height area. The overhead design of the building 

can create an open space on the first floor for natural wind to pass through, and insulate the heat and humidity for 

the second floor residential area, which is widely used in the subtropical cities in south China and southeast Asian 

countries (Zhu et al. 2010). In terms of research, Niu et al. found through the investigation in summer that the 

aerial design of the building can play a good role in local shading and ventilation in the high-density central urban 

area, and can effectively regulate the thermal comfort around it. In winter, due to the change of the dominant wind 

direction in the city, the thermal comfort around the overhead building will also change. Based on this, Xia et al. 
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and Shui et al. respectively selected typical overhead buildings in subtropical cities for wind tunnel tests and 

obtained the flow field distribution around the buildings. Recently, Liu et al. and Du et al. conducted a series of 

numerical simulation analysis on the overhead design, and concluded that the design could be used as an effective 

way to improve the local microclimate environment of pedestrian height around the building. At the same time, 

under the high building density, the influence of the overhead layer on natural ventilation changes significantly. 

Many scholars have analyzed it and obtained some research results. 

Yaowei Meng, Yizhong Sun published an article in Ekoloji Issue 107 in 2019, entitled “Set Covering Optimal 

Planning of Hollow out high-rise Building under High Temperature and Humidity Harsh Environment”. 

Hollowed-out high-rise buildings are vulnerable to unconventional damage. In order to avoid the danger caused by 

such damage, the optimal planning method of tunneling high-rise buildings under high temperature and high 

humidity was studied. The chemical-plastic-damage coupling model is used to predict the damage of high 

temperature and high humidity tunneling in high-rise buildings.(Ganie et al., 2017) Then the optimal planning 

model of high temperature and high humidity tunneling for high-rise buildings is established. It covers the whole 

hollowed-out high-rise building area and completes the positioning and layout optimization of emergency resource 

reserve point of hollowed-out high-rise building under high temperature and high humidity environment. Based on 

the research, this paper proposes the influence of building overhead height and wind direction flow on the 

microclimate of pedestrian area in tropical environment. 

With the development of research on outdoor thermal comfort of buildings, evaluation indicators for outdoor 

thermal environment and comfort have been reported. At present, the widely used Physiological Equivalent 

Temperature (PET), for example, is a thermal comfort index proposed based on the two-node hypothesis of the 

Munich human thermal equilibrium model (MEMI), which is often used for the prediction and evaluation of 

outdoor thermal comfort of buildings. (Ren et al. 2017) PET can input the given thermal environment parameters 

(air temperature, average radiation temperature, wind speed and relative humidity) and human physiological 

parameters (height, weight, human metabolic rate and clothing thermal resistance), and then calculate the thermal 

comfort value of the outdoor environment by Rayman software. PET is targeted at different climatic regions, such 

as central and Western Europe and subtropical climate regions, corresponding to different thermal sensation level 

distributions (Wang et al.2017; Wang et al. 2016).  

This paper aims at to subtropical typical pavilions overhead buildings in a city as an example, using the CFD 

method (choose DDES turbulence model ) turbulence model to explore three to four different building overhead 

height and wind flow to the degree of the influence of wind environment for pedestrian zone, and connecting with 

the outdoor thermal comfort evaluation index of PET in subtropical city in the summer to wind flow is given to the 

aerial area forecast assessment of the thermal comfort.  

2 Idea Description 

2.1 Turbulence model 

RANS Series models are often used in CFD calculation of outdoor wind environment. The core of the method is to 

discrete the equations into time-averaged and pulsating terms. For the isothermal turbulence problem, the 

governing equation is expressed as (1). 
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In formula: ρ is density, kg/m3; t is time, s; ui and uj are the velocity components in different directions, m/s; μ is 

dynamic viscosity, Pa·s; -ρuiuj- is Reynolds stress, N. RANS model through the basic flow field is obtained by 
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solving the above equation. The standard k-ε model and its improved reinforcing group model (RNG k-ε) are often 

used for turbulence calculation. When the unsteady URANS model is used to simulate the incoming flow with low 

turbulence, it only solves the unsteady “time-averaged” flow field structure, rather than the unsteady simulation in 

the strict sense.  

As a typical unsteady simulation method, LES (large eddy simulation) should consider the relationship between the 

grid scale of the model and the scale of the simulated turbulence. The basic hypothesis is to directly solve 

large-scale vortexes and approximate small-scale vortexes. If the scale of turbulence is the same as that of the 

model grid, the flow field will be solved by the following equation: 
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DES, as a turbulence model for composite URANS and LES, was originally derived from S-A turbulence model 

proposed by Spalart et al. The equation is modified into an unsteady state model and the original length scale d(m) 

is defined as the new length scale d(m), d=min(d, Cdes Δ), thereint, Δ is the maximum length (m) of the grid up x, 

y, and z，Δ=max(Δx, Δy, Δz). In the DES, when d < Δ open URANS mode, whereas d > Δ choose LES model. In 

the study of DES, the initial standard DES model was used to predict when the thick boundary layer zone and the 

narrow vortex separation zone were wrongly predicted, such as the occurrence of simulated stress loss. The reason 

is that when LES mode is selected in the separation area, if the grid density is not enough to accurately solve the 

Reynolds stress there, the standard DES will give a wrong prediction. Therefore, Spalart et al. modified the 

standard DES model in a DDES model to solve the problem in solving the flow field in a boundary layer region 

(Shui et al. 2017). Similarly, in the DDES, new dimension variable d not only depends on the grid scale itself also 

depends on the turbulent flow field characteristics, which makes in the atmospheric boundary layer under the 

building windward area can adopt the URANS mode (or delayed startup LES mode), and then reduce the grid 

number and save the calculation time. The DDES model is selected for the simulation analysis, where the URANS 

mode is set as an unsteady, achievable k-ε model (Realizable k-ε model). 

3 Results 

3.1 Validation of turbulence model 

The time average wind speed of CFD simulation and wind tunnel test was compared, and the coincidence degree of 

the two was further evaluated by correlation analysis. The dots in Figure 1 represent the corresponding relationship 

between wind tunnel test results and CFD simulation results, the solid line represents y=x, and the dotted line 

refers to the 1:2 and 2:1 relationship between test values and CFD simulation values, respectively. Equation (7)- 

(10) are used in the error analysis of the two groups of results, FAC2 indicates the percentage of the dots located 

between 1:2 and 2:1. The higher the percentage, the closer the CFD results are to the test results. The deviation 

degree of simulation is expressed as dimensionless mean deviation (MNMB), and its value is [-2, +2]; The total 

mean deviation of the simulation is represented by FGE, and its interval is [0, 2]. When MNMB or FGE value is 0, 

both represent the best prediction. Correlation coefficient R can further evaluate whether CFD simulation results 

are consistent with the trend of test results, and its value is between 0 and 1. The closer R is to 1, the more CFD 

results are close to the test results; otherwise, the larger the deviation is. 
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Figure 3 Validation of turbulence model and numerical method 

(CFD results were compared with wind tunnel test results ) 

3.2 Wind environment of pedestrian area affected by overhead height 

After the overhead design is added to the same single building, the flow field distribution around the building is 

partially changed, and wind energy flows freely through the open space formed under the overhead.  

Each example can accurately describe the basic flow pattern that natural wind should present when bypassing a 

single overhead building, including: low wind speed area on the windward side of the building (uxy/ur < 0.30), 

local high wind speed area on both sides of the building and below the overhead building (> 0.75) and 

aerodynamic shadow area on the windward side of the building (low wind speed). At the same time, when airflow 

passes under the overhead building, due to the “Venturi effect” jointly produced by the bottom of the overhead 

building, the structural pillars on both sides and the ground, the wind speed passing through the area is locally 

amplified, which plays a positive role in meeting the ventilation requirements of the subtropical urban area. The 

local high wind speed area on both sides of the building shows a trend of area reduction with the increase of 

overhead height. However, within a certain design height range (h/ H =0.06-0.10), only by changing the height of 

the building overhead design, the velocity distribution of the main area on the windward side and the windward 

side of the building is not greatly affected. 

3.3 Influence of incoming wind direction on wind environment of pedestrian area 

When the wind direction and Angle of 0° and 45° between buildings, buildings on both sides of the local high wind 

speed is still visible area. Its shape changes obviously but its area changes little. When the wind direction Angle is 

90° between buildings, buildings on both sides of the high speed region disappeared, and the aerodynamic shadow 

zone area decreased significantly. As the wind flow to from 0°, 45° to 90°, buildings on the surface of the windward 

area of narrow, makes the wind flow around buildings kona aerodynamic shadow zone is less also. At the same 

time, the local wind speed expansion area between the pillars under the original overhead structure gradually 

decreased until it disappeared, and its dimensionless average wind speed also decreased from 0.70 to 0.65 and 

finally reached 0.10. It can be seen that the direction of incoming wind and the Angle between the building have a 

significant impact on the overhead design used to improve the wind environment around the building.  

3.4 Influence of incoming wind direction on thermal comfort of pedestrian area 

For the three incoming wind directions, the mean PET value of the open space under the overhead building is 

calculated and compared to evaluate the influence of wind direction on the thermal comfort of the region. Some 
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overhead construction of Hong Kong's summer (sunshine) the average outdoor test results for reference, assuming 

that overhead area of average air temperature, the average black ball temperature and average relative humidity is 

31.2℃, 31.4℃ and 46% respectively. According to the field observation and the human body hypothesis given by 

ISO 7730 standard, a 25-year-old male of 1.75m height and 70 kg weight has a thermal resistance of 0.5 clo and a 

metabolic rate of 80 W/m2.  

When to wind flow between the building and Angle for 0°, 45°to 90, the corresponding calculation PET value 

respectively is 29.6℃, 29.7℃ and 31.3℃, when the relative to 0°, PET error are 0%, 0.34% and 5.74% 

respectively. Results show that in 0 ° and 45 °, the pedestrian summer feel comfortable at the bottom of the aerial 

area; However at 90 °, pedestrians’ summer under overhead area than the former two feel stuffy. Therefore, in the 

actual design, although the building overhead can effectively improve the local low-wind environment and local 

thermal comfort in the subtropical region, the Angle relationship between the local dominant incoming wind 

direction and the building should also be further considered according to the thermal comfort design requirements.  

4 Conclusion 

In subtropical urban communities, DDES model was used to explore the influence of four different building 

heights and the direction of incoming wind on the microclimate environment and thermal comfort around the 

building. The results show that: 

1) The turbulence model DDES can accurately predict the wind environment around the overhead building, which

is highly consistent with the wind tunnel test results, and the calculated correlation coefficient is 0.96. 

2) Within the relative design height h/ H=0.06-0.10, only changing the overhead height has no significant influence

on the average wind speed distribution of the main areas on the windward and leeward sides of the building. 

3) To wind flow between the building and Angle for overhead designed to improve the buildings around the

environment influence, and at 0 ° and 45 °, the pedestrian summer feel comfortable at the bottom of the aerial area, 

whereas at 90 ° can feel hot than the former two. In this paper, the DDES model is used as a reference for the 

design parameters of building overhead height and the influence of wind direction on pedestrian wind 

environment, which is of guiding significance for future urban ventilation and microclimate design. 

Although the DDES model is used to simulate the transient flow field, the turbulence characteristics of the flow 

field and the instantaneous thermal comfort around the building are not analyzed in depth due to the limited space. 

At the same time, in addition to height, the length, width and shape of structural pillars are also worth exploring in 

the design of overhead structure, which will be further discussed in the follow-up study.  
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