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ABSTRACT

The current study aimed to investigate the effect of form characteristics of a high-rise building on 
urban wind flow. The study sample is a neighborhood unit consisting of 9 mid-rise building blocks. 
The target building is a 9-storey building located in the center of the complex, and structural changes 
were applied to it. In the first step, a rigid building and five models with different volumetric structures 
were simulated, and one of the efficient modes was selected from them. Then, by changing the 
height of the body recesses, the effect of this variable was investigated on the wind behavior around 
the building. The research method in the first part is a descriptive method with library study tools, 
and the research strategy in the second part is quasi-experimental. CFD simulations and numerical 
analysis were performed using Ansys Airpak 3.0.16 software. Studies have revealed that geometric 
structure changes can affect the wind behavior around the building and the surrounding paths. 
Among the aerodynamic areas around buildings, the back-to-the-wind area and the squinch had the 
most, and the wind-facing areas had the least positive impact due to geometric changes. The results 
revealed that regular distribution of body recess in the height of the building could help ventilate 
the passages by increasing the surrounding wind speed. The result of these changes is, at best, an 
average increase of 48.33% and a maximum urban wind speed of 16.89% compared to the rigid 
model. Investigation of the change in the height of body recesses on urban wind potential attested 
that there is no direct relationship between this component and the efficiency of urban ventilation. 
In the meantime, models with terrace heights of 1.5 and 2.5 meters showed the best and weakest 
performance in amplifying the wind flow around the pedestrian level, respectively.
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1. INTRODUCTION
Nowadays, growing construction density in cities 
has unsettled the urban wind flow pattern (Chen & 
Norford, 2017; Yim et al., 2009). This issue has be-
come problematic due to the lack of comfort for pe-
destrians, especially in metropolises such as Tehran 
(Du, Mak, Kwok, et al., 2017). Despite the excessive 
prominence of urban ventilation, designers do not pay 
much attention to this category, and in their designs, 
they suffice to ventilate natural spaces (Rose et al., 
2011). Outdoor climatic comfort is affected by fac-
tors such as humidity, wind, temperature, and vege-
tation, among which temperature, humidity, and wind 
as environmental factors are affected by radiation and 
airflow. Urban wind speed is influenced by charac-
teristics related to building blocks and access grids. 
Consequently, alterations in density, distance, height, 
and form of buildings and the orientation and width of 
passages can momentously affect the pattern of urban 
wind flow (Willemsen & Wisse, 2007).
Consolidation of wind flow is one of the main goals 
of urban designers in hot climates. Increasing urban 
wind flow in open urban environments helps ventilate 
and reduce particulate matter (Buccolieri et al., 2010). 
The stagnation of the flow and concentration of pol-
lutants in big cities is a problem that has become more 
and more common in metropolises. This study aims to 
increase the wind speed around high-rise buildings1 

and its effect on urban wind flow at the level of pedes-
trians and investigates the role of building structure 
change in this area. After explaining the components 
affecting urban wind, we review the recent studies 
done in this area. Then, by offering the results of nu-
merical simulations, the role of changes in the shape 
of the high-rise building on the peripheral flow pat-
tern is determined.

2. RESEARCH BACKGROUND
To take advantage of wind flow or prevent annoying 
winds in urban open spaces, it is necessary to careful-
ly examine all the physical and dynamic conditions 
of wind flow around buildings (Bahadori, 1994). Nu-
merous studies have been done to explore the factors 
affecting wind behavior and the classification of these 
factors. Aynsley (2007) divides the factors affecting 
wind behavior into three factors related to the site and 
landscape: building form and building shell design, 
interior plan, and interior design (Aynsley, 2007).
Osman (2011) categorized wind behavior factors into 
three scales: micro, medium, and macro. In this clas-
sification, factors related to single building architec-
ture and building components in the micro category, 
parameters related to the structure of the neighbor-
hood unit in the middle category, and factors related 
to the urban context are categorized on a large scale 
(Medhat Osman, 2011). Therefore, the structure of the 
building shell, building orientation, building propor-

tions2  , and its form are architectural factors affecting 
wind behavior around a single building (Saadatjoo et 
al., 2016; Saligheh & Saadatjoo, 2020)
Factors affecting urban wind behavior can be divided 
into four categories. The first factor affecting urban 
wind flow is the design of passages. The width of the 
passages, the orientation of the passage concerning 
the direction of the dominant urban wind, and the ra-
tio of the height of the buildings to the width of the 
passages are the factors affecting the urban wind flow 
pattern. The second influential factor is the structure 
of urban neighborhood units. The average height of 
buildings in a neighborhood unit and the geometric 
pattern of the distribution of building units are the 
most important design factors that can dominate the 
urban wind flow (Saadatjoo & Saligheh, 2021). As 
well as the urban design components, the structural 
characteristics of the single building, including the 
geometric form of the building, height, extensions 
and protrusions of the body, etc., are among the most 
significant components that can change the pattern of 
ambient wind behavior and consequently the flow of 
surrounding urban passages. Increasing urban airflow 
due to the distribution of air pollutant particles (Ai & 
Mak, 2013; Cui et al., 2016; Wu et al., 2017), improv-
ing urban natural ventilation (Ng et al., 2011; Yuan & 
Ng, 2012), and providing thermal comfort and urban 
wind comfort (Du, Mak, Kwok, et al., 2017, Liu et 
al., 2016) recover the quality and desirability of urban 
spaces. In addition to applying numerous solutions 
related to the category of urban design, including ad-
justing the angle of passages, the width of passages, 
urban morphology (Hang et al., 2009), vegetation 
(Zheng et al., 2020), etc. it is possible to improve the 
urban flow pattern by making formal changes on the 
building. Though wind gustiness as a significant in-
dicator also affects the comfort of urban open spaces, 
its estimation and evaluation are much more complex 
than measuring the average flow velocity (Isyumov & 
Davenport, 1975; Melbourne, 1978; Du, Mak, Kwok, 
et al., 2017).
So far, numerous studies have been conducted to in-
vestigate the role of building structures on urban wind 
and have provided solutions to improve their flow. 
One of these solutions is to make changes in the cor-
ners of the building. Wind tunnel tests performed by 
Uematsu et al. on four models with different types of 
corner shapes and different wind directions revealed 
that the corner shape of the building could have sig-
nificant effects on wind flow around the building (Ue-
matsu & Isyumov, 1999). The shape of the building 
roof is another component affecting the wind flow 
around and inside the building (Aliabadi et al., 2017; 
Najaf Khosravi et al., 2016). In 2019, in the city of 
London, areas with dimensions of 500 × 500 meters 
were selected, and 20 different modes with different 
elevations and facade proportions (8 different wind 
directions for each model) were simulated with CFD 
group software. The results of the research proved the 
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significant effects of facade proportions on the wind 
around the building (Tsichritzis & Nikolopoulou, 
2019). Hagishima et al. proved a direct relationship 
between building height and wind aerodynamic be-
haviors (Hagishima et al., 2009). Variation and height 
differences in a set of building blocks can increase the 
potential for natural ventilation at the pedestrian level 
(Ikegaya et al., 2017). Tamura et al. (2019) used wind 
tunnel tests to examine the effect of height, width, and 
proportions of a square building on the wind around 
the building (Xu et al., 2017). Du et al. (2018) investi-
gated the effect of heights and porosity sizes on wind 
comfort conditions around a single structure and a 
set of buildings. This study revealed that increasing 
the height, installing void on the ground floor, and 
creating void with large dimensions, have positive 
effects on increasing wind flow around the building 
(Du et al., 2018). By simulating nine porous structur-
al morphologies and comparing them with the rigid 
model, Yuan et al. concluded that the inclusion of po-
rous spaces in the lower levels significantly increases 
turbulence flow at the pedestrian level (Yuan & Ng, 
2012). Though, installing a platform on the ground 
floor reduces the wind flow around the building 
(Tsang et al., 2012). Researchers using CFD simula-
tions and wind tunnel tests showed that creating a pilot 
(empty space) on the ground floor can help improve 
comfort around the building and increase wind speed 
by 11% (Du et al., 2018; Du, Mak, Liu, et al., 2017). 
Chew and Norford attested that pilot building has the 
potential to increase the flow of narrow urban passag-
es several times (Chew & Norford, 2019). Wind tun-
nel tests done on nine different models at Hong Kong 
University revealed that the height and dimensions of 
the central core are one of the most effective factors 
in determining the flow behavior of buildings that its 
ground floor is piloted (Tse et al., 2017). Studies have 
shown building proportions (length to height ratio) on 
pilot efficiency and its positive role in the flow around 
the building (Zhang et al., 2017). Along with these 
components, the cross-sectional shape of the building 
is one of the most effective factors in the urban wind 
flow pattern. By examining three different building 
models and changing the level of floor failure, Hari-
ri et al. proved the effect of cross-sectional shape on 
the flow behavior around the building and pedestrian 
comfort (Hariri et al., 2016).
The recess of the body in the form of creating a ter-
race, etc., as a change of form, can change the behav-
ior of the surrounding and internal wind of the build-
ing. Although so far, several studies have examined 
the role of terrace and body recess on natural venti-
lation of indoor spaces (Saadatjoo et al., 2019; Saa-
datjoo et al., 2018; Saadatjoo et al., 2021; Saligheh 
& Saadatjoo, 2020 ), no research examines the role 
of these structural changes in wind flow around the 
building.

3. STATEMENT OF THE PROBLEM AND 
THE RESEARCH PROCESS

3.1. Statement of the Problem
Nowadays, due to the growth of urbanization and the 
need for housing, a high-rise construction policy is 
the main approach to construction in large cities such 
as Tehran. This approach, accompanied by its so-
cial, cultural, and economic consequences, has led to 
changes in the urban climate and a gradual increase in 
urban temperature. The creation of urban heat islands 
that have undergone a process of urbanization is due 
to the characteristics of urban planning, air pollution, 
heat and warmth concentration, lack of proper urban 
ventilation, and the existence of impermeable surfac-
es in the city (Dhalluin & Bozonnet, 2015). It can be 
accredited that disturbance in urban wind flow is one 
of the main reasons for forming thermal islands in 
large cities (Montazeri et al., 2015).
One of the most important effects of tall buildings is 
the change of urban wind patterns, particularly around 
buildings. These changes in the urban microclimate 
are positive or negative depending on the shape, size, 
and angle of rotation and how it communicates with 
adjacent buildings (Fadl & Karadelis, 2013). As an 
annoying factor, tall buildings avoid proper wind flow 
in large cities. Impediment of natural airflow corri-
dors by high-rise construction and depriving residents 
of thermal comfort in urban environments leads to the 
concentration of pollutant particles and lack of proper 
ventilation of urban spaces. Since comfort and health 
in the city depend on thermal comfort and ambient 
winds, particularly on the sidewalk and the extent of 
pollution (Moonen et al., 2012), mass construction 
and its consequences gradually reduce the presence 
of urban spaces and reduce the level of citizens' satis-
faction with urban environments. Since the potential 
of urban ventilation is directly affected by the design 
components, the need for simulations to investigate 
the role of design factors on urban wind flow and pro-
vide design assistance solutions in this area is sup-
ported.

3.2. Research Questions
1. What is the effect of changing the formal structure 
and geometric characteristics of a high-rise building 
on the urban wind pattern?
2. What is the most appropriate design solution to en-
hance the flow around a high-rise building?

3.3. Research Method
The research method in the theoretical studies section 
is descriptive, and the theoretical data collection is 
done by studying library resources. Research strate-
gy in the second part of the research is a quasi-ex-
perimental strategy performed using CFD simulation 
tools and numerical analysis of flow. The study of 
wind behavior was performed using the computer 
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simulation method and Ansys Airpak 3.0.16 software.
Validation of software outputs was done based on the 
results of the tunneling test of AIJ Research Institute 
of Japan. The simulated model is a set of 9 rigid build-
ing blocks that a comparative study of the results with 
software outputs proved the accuracy of the selected 
turbulence model, software settings, gridding, etc.
After validating the software outputs, the simulation 
of the mentioned models was done in several steps. 
In the first step, after extracting the average and max-
imum wind speed of Tehran during the last five de-
cades, the data were adjusted regarding the texture 
and height of the study area. Then, the dimensions of 
the computational range were determined based on 
the standards, the desired models were simulated, and 
the most important urban wind gauges were measured 
in the desired range. A comparative study of numeri-
cal outputs and graphic contours led to the extraction 
and presentation of an optimal model to improve ur-
ban wind flow.

4. SIMULATION
In this section, after introducing the validation pro-
cess, the researchers will compare the simulation 
results with the results of wind tunnel tests. After a 
comparative study and confirmation of the accuracy 
and validity of the results, research models are intro-
duced. In the following, the simulation conditions, 
including boundary conditions, type and number of 
meshes, wind speed profile, turbulence model, etc., 
are clarified.

4.1. Validation
The validation of the simulation results in this study 
was based on wind tunnel tests performed at the AIJ3 

Research Institute in Japan. This model consists of 9 
rigid building blocks with the same height (0.2 m) and 
three wind directions of 270, 247.5, and 225. In the 
present study, to validate the results of software simu-
lations, wind tunnel tests with a wind direction of 270 
degrees were used (Tominaga et al ., 2008) (Fig. 1).

A B
Fig. 1. Models Tested in Wind Tunnels

A) Position of measuring points and arrangement of buildings in the wind tunnel test performed by AIJ, B) Three-
dimensional model tested in AIJ wind tunnel tests

The turbulence model used in the simulations 
is k-ωSST. According to the AIJ standard, the 
dimensions of the computational amplitude are 
considered as 5H from the wings and above and 
10H in the back-to-the-wind area (Tominaga et al., 
2008). Consequently, the dimensions of the range 
in which the models are located are 1.1 meters, and 
the dimensions of the computational range are 13 
meters in the direction of the X-axis 9 meters in the 
direction of the Y-axis with a height of 4 meters. The 
convergence criterion is 10-5 (Asfour, 2010). In order 
to check the solution independence from the grid4, the 
mesh size was changed in three consecutive steps. 
The growth coefficient of the grid in all three types 
of 1.2 meshes is structured cubes in all directions and 
types of meshes. Preceding research and computer 

simulations of the wind tunnel test results have shown 
that to achieve precise results a grid with a size of 1.10 
of the side length and a maximum growth coefficient 
of 1.3 is necessary (Mochida et al., 2002). To check 
the solution independence from the grid, the number 
of meshes in three different modes is shown in Table 1.
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Table 1. Gridding Specifications to Check the Grid-Independent Solution

Minimum Grid Size Grid Growth Coefficient Number of Grids Gridding Name

0.08 Length of the Building Side 1.2 1117168 G1

0.1 Length of the Building Side 1.2 730800 G2

0.12 Length of the Building Side 1.2 554894 G3

Fig. 2. Three Types of Gridding to Examine the Grid-Independent Solution
A) Fine Gridding G1, B) Medium Gridding G2, C) Large Gridding G3

Fig. 3. Comparison of Wind Tunnel Test Results with CFD Simulation Results with Three Different Types of Gridding 
Wind speed diagrams measured at base speed in three models with different grids along the Y = 0.25 axis

Investigations revealed that the average difference 
between the results of CFD simulation and wind tun-
nel tests was 9%. Accordingly, it can be accredited 
that the selected turbulence model, boundary layer 
conditions, and other software settings can be cited 
and valid, and based on this, simulations of leading 
research can be done.
The difference between the results obtained from the 

simulation with G1, G2, and G3 type meshes is equal 
to 0.049, 0.1, and 0.15, respectively. Accordingly, the 
G1 mesh type in which the size of the smallest grid is 
equal to 0.08 length of building side was selected as 
a suitable mesh.

4.1. Simulation Models
The simulation model in this research is a neighborhood 

A B C
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unit consisting of 9 building blocks. The target building 
is located in the center of the complex, and structural 
changes are applied to it to analyze the role of these 
changes on the wind behavior around the building. The 
structure of the neighborhood unit is designed based 
on the average height of buildings and the average 
width of passages (urban morphology) in Tehran. The 
width of the passages was 18 meters, and the height of 
the existing buildings in the complex was 15 meters 
(5-storey building) with a plan of 12 × 18 meters. The 
target building is a 9-storey block with a height of 27 
meters and has a rectangular plan with dimensions of 
12 × 18 meters (Fig. 4).
This research has been done in two stages. The first 
step of the research aims to examine the effect of form 
and volumetric structure on wind behavior around the 
building at the pedestrian level. For this purpose, a 
rigid building and five buildings with different longi-
tudinal sections were simulated and measured natural 
ventilation potential around the building. The area of 
all models is equal, and the depth of recesses in all 
models is 1.5 meters. Since this study aims to inves-
tigate the effect of form structure on urban wind flow 
and internal flow is not examined, building blocks are
considered as rigid models without opening (Table 2).

The second step of the research investigates the effect 
of the recess height on the wind flow pattern around 
the building and its natural ventilation potential. For 
this purpose, by changing the height of the recesses 
from 1.5 to 3.5 meters, five models were simulated in 
this stage, and the results were compared with each 
other and with the rigid model. Like the previous 
stage models, the second stage models are considered 
rigid and without opening (Table 2).
It should be mentioned that any change in the depth 
of the terraces, the distribution level of the terraces, 
the number of terraces, etc., can affect the pattern of 
internal and peripheral flow of the building (Saadat-
joo et al., 2018). As well as the characteristics of the 
target building, any change in height, proximity, den-
sity, the width of passages, etc., surrounding buildings 
also strongly affect the wind flow pattern. Regarding 
the extensiveness and array of variables and the im-
possibility of examining all of them in the form of 
research, in this research, assuming that all the men-
tioned variables are constant, the only independent 
research variable in the first stage is the pattern of re-
cess distribution and in the second stage is the height 
of recesses in stories.

Fig. 4. Simulated Urban Morphology and Location of the Target Building.

Neighborhood units are 5-storey buildings with a 
height of 15 meters, and the desired model is a 9-storey

building with a height of 27 meters, located in the 
center of the complex.
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Table 2. Specifications of the First Step Research Models with Different Longitudinal Sections.

Solid A B C D E

Height 27 27 27 27 27 27

Number of 
Stories 9 9 9 9 9 9

Recess Height 
(m) 0 1.5 3-6 12 12 12

Recess Depth 
(m) 0 1.5 1.5 1.5 1.5 1.5

Base (Square 
Meters) 1944 1620 1620 1620 1620 1620

Table 3. Specifications of the Second Step Research Models. Porous Buildings with Different Porosity Heights

Solid A 1.5 A 2 A 2.5 A 3 A 3.5

Height 27 27 27 27 27 27

Number of 
Stories 9 9 9 9 9 9

Recess Height 
(m) 0 1.5 2 2.5 3 3.5

Recess Depth 
(m) 0 1.5 1.5 1.5 1.5 1.5

The average and maximum wind speed at the pedes-
trian level are the two dependent variables of this 
study to evaluate the wind behavior around the build-
ing. For this purpose, the passage around the build-
ing was divided into seven cubic areas, and the men-
tioned variables were measured and recorded in each 
of these areas. The designated areas cover a distance 
of 10 meters from the target (central) building, and 
the wind behavior at this distance from the building is 

measured and evaluated. The height of the wind be-
havior measurement area from the floor of the pas-
sage to a height of 2 meters above the floor of the 
passage to completely cover the movement space of 
pedestrians around the building. The location of the 
measurement areas relative to the central building and 
neighborhood units is shown in Figure 5.
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Fig. 5. Position of Measurement Areas Relative to the Central Building and Surrounding Units

To better compare the flow pattern in the studied mod-
els, graphic speed contours were extracted from the 
software and compared. Speed contours were recorded

on a plate parallel to the ground at 1.5 m. The position 
of the contour screen is shown in Figure 6.

Fig. 6. Position of the Contour Screen Relative to the Building and Ground Level 
Graphic wind speed contours are recorded on a screen parallel to the ground and a height of 1.5+ meters.

4.2. Simulation Conditions
The geometric form and structure of buildings and 
changing the internal flow pattern of the building 
affect the wind behavior around the building. The 
wind dynamics analyses were done to investigate the 
effect of high-rise building geometry on urban wind 
flow. In this regard, 11 different construction models 
were simulated, and their results were compared. The 
computational domain dimensions are defined based 
on the proposed dimensions of the Japanese AIJ stan-
dard. Based on this standard, in the case of flow simu-
lation for a set of buildings, the minimum slope height 
is equal to 5H, the sides are equal to 5H, and the di-
mensions of the back-to-wind area are considered to 
minimize the return flow equal to 10H from the build-
ing walls. Since the dimensions of the study area are 

72 × 90 meters and the height of the tallest building is 
27 meters, the dimensions of the computational range 
according to the AIJ standard are 477 meters in the 
x-direction, 360 meters in the y-direction, and 297 
meters in the z-direction.
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Fig. 7. Computational Range Dimensions and Position of Building Models in the Range.

The second step is to create a mesh grid for the com-
putational domain. According to the dimensions of 
the computational domain and the studies of solution 
independence from the grid, 3053142 meshes with a 
growth coefficient of 1.2 were designed and created. 
The meshes created are of a cohesive and structured 
hexahedron. The turbulence model used in the simu-
lations is the k-ωSST model.
The meteorological information used in the sim-
ulations is the information of the Mehrabad station 
during the last 50 years (1965-2014). The use of me-
teorological information (obtained in the open and 
at the height of ten meters above the ground) is val-
id for another place when, firstly, the texture of the 
place is similar to the texture of the meteorological 
station in terms of vegetation and architectural con-
struction. Secondly, the height of that place should be 
close to ten meters from the ground. Otherwise, the 
wind speed will be different from the available infor-
mation, and if it is not adjusted, the validity of the 
information will be reduced. The following equation 
defined the wind profile at the calculated slope height 
(0 to 297 m).

V

V
Z
Z

G

z

G
=

a

< F   (Relation 1)

In this relation VZ is air velocity at the design site in 
meters per second and VG is air gradient velocity in 
meters per second and z height studied in meters and 
ZG is gradient height in meters and α is the numer-
ical power of the design texture, which is assumed 
to be 0.36. Meteorological data of Tehran show that 
the average airspeed during the six warm months of 

the year is equal to 3.05, and the maximum speed is 
32.9 meters per second. The wind direction is defined 
based on the prevailing wind direction of Tehran and 
from west to east.

5. FINDINGS
In this study, a wind flow simulation was done for six 
warm months of the year in Tehran. The most import-
ant measures of urban air conditioning potential were 
average and maximum wind speed was measured at a 
distance of 10 meters from the perimeter of the build-
ing and a height of 2 meters above the ground. The 
flow measurement ranges are in Figures 5 and 8, and 
the results of this measurement for each model are 
shown separately on the grid plan around the building 
in Tables 4-5. Among the eight areas shown in Figure 
8, Reg 1, 2, 3 are in the windward area, Reg4-5 in the 
squinch area, and Reg 6, 7, 8 areas in the windward 
area of the building. The two quantities listed in each 
cell of Table 4 show the top, average flow velocities, 
and maximum wind velocities.
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Fig. 8. Name and Position of 8 Peripheral Areas of A-E Models and Rigid Models

Table 4. Mean and Maximum Flow Velocity Values were Obtained from the Simulations in the Peripheral Areas of 
Models A-E and Rigid Models

EDCBASolid

0.82 
1.45

0.81 
1.65

0.9 
21.82

0.76 
1.60

0.61 
1.51

0.96 
1.83

0.83 
1.55

0.68 
1.57

0.92 
1.85

0.98 
1.82

0.72 
1.76

1.01 
1.93

0.91 
1.79

0.73 
1.72

1.11 
2.05

0.57 
1.38

0.56 
1.51

0.82 
1.82

0.45 
1.25

0.71 
1.61

0.41 
1.11

0.89 
1.78

0.31 
1.10

0.68 
1.82

0.22 
0.80

0.82 
1.76

0.29 
0.98

0.89 
1.88

0.17 
0.60

0.71 
1.89

0.63 
1.53

0.73 
1.61

0.86 
1.84

0.79 
1.48

0.76 
1.73

1.17 
1.97

0.60 
1.40

0.63 
1.47

0.91 
1.84

0.94 
1.76

0.82 
1.76

1.06 
1.95

0.87 
1.71

0.8 
1.77

1.09 
1.96

0.58 
1.36

0.59 
1.52

0.85 
1.81

Table 5. The Difference between the Mean and Maximum Values of the Flow Velocity Obtained for each Domain with 
the Base Model (Rigid Building) in Percent

EDCBA

+43.85 
+5.07

+44.64 
+29.27

+9.75 
0

+33.33 
+15.94

+8.92 
0

+17.07 
+0.54

+45.61 
+12.31

+21.42 
+3.97

+12.19 
+1.64

+71.92 
+31.88

+28.57 
+16.55

+23.17 
+6.04

+59.64 
+29.71

+30.35 
+13.90

+35.36 
+12.63

+194.11 
+141.66

0 
-14.81

+141.11 
+85

+25.35 
-6.14

+82.35 
+83.33

-0.42 
-3.70

+29.41 
+33.33

+15.49 
-6.87

+70.58 
+63.33

+25.35 
-0.52

+31.03 
+27.20

+23.72 
+5.92

+1.17 
+1.65

+36.20 
+8.82

+28.81 
+13.81

+34.64 
+8.83

+3.44 
+2.94

+6.77 
-3.28

+7.05 
+1.65

+62.06 
+29.41

+38.98 
+15.78

+24.70 
+7.73

+50 
+25.73

+35.59 
+16.44

+28.23 
+5.28

Examination of the results recorded in the eight 
domains around each model revealed that the average 
and maximum flow velocities in the windward region 
(Reg 1, 3) had always been positive. The average 
flow velocity in these two areas increased from 7.05 
to 35.36%; the highest growth can be seen in Model 
A. In the meantime, the maximum wind speed in the 
two areas increased by 0 to 12.63%, with the highest 
growth related to Model A. A comparative study of 
the mean and maximum flow velocities in the two 
domains Reg1 and Reg 3 indicates that model A has 
the highest positive difference, and model E has the 
lowest difference with the rigid model in the two 
domains.
Despite most of the measured areas showing better 
behavior than the rigid model with positive growth, 
the maximum flow velocity on the east front of the 
building (Reg 2) has decreased. The highest deceler-
ation rate is evident in the E model with -14.81 com-

pared to the base model.
The mean and maximum flow velocities in the 
squinch regions (Reg 4, 5) indicate a positive growth 
of both variables compared to the rigid model5. The 
average growth rate of flow velocity is in the range of 
+ 6.77 to +44.64, and the rate of increase of maximum 
flow velocity is in the range of 0 to 29.27%. A com-
parative study of the models revealed that the average 
and maximum wind speed in the squinch of model E 
are the highest, and model C have the lowest positive 
growth compared to the rigid model.
The wind speed measurement results in the back-
to-wind area (Reg 6, 7, 8) indicated that the wind 
behavior in this area had been improved by making 
geometric changes in the shape of buildings. Nev-
ertheless, the speed growth rate and modification of 
wind flow pattern were different under the influence 
of the geometric structure of the building; so the aver-
age growth wind speed was in the range of 3.44% to 
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194.11%, and the maximum growth wind speed was in the range of 2.94% to 141.66%.

Fig. 9. Graphs of Average Values Obtained for Average and Maximum Flow Velocities in the Eight 
Surrounding Areas of A-E Models

To better compare the results, the obtained quanti-
ties for the two variables of average and maximum 
flow velocity in the eight areas around the buildings 
were averaged, and the results were displayed in the 
form of bar graphs in Figure 9. Comparing the results 
shows that Model A, with the highest difference from 
the rigid model, is the best option to improve urban 
air conditioning. In this model, the average and maxi-
mum wind speed around the building has increased by 
48.33% and 16.89% compared to the base model (rig-
id). With almost similar results, Model B is a suitable

option after Model A, which can increase the aver-
age flow velocity by about 46.66% and the maximum 
wind speed by 14.18% at the pedestrian level around 
the high-rise building. Nevertheless, the very small 
difference between the results of models C and E with 
the rigid model indicates the inefficiency of these 
geometric structures to increase the potential of urban 
wind.
Graphical contours of wind speed on a screen at the 
height of 1.5 meters above the ground help to study 
the wind flow pattern in different models (Figure 7).

Fig. 10. Graphic Contours of Flow Velocity at 1.5 Meters above the Ground in Models A-E and Rigid Buildings

A comparative study of graphic contours displays that 
the geometric changes applied in the central building 
have overshadowed the currents around the build-
ing, among which the squinch and back-to-wind ar-

eas of the building have been most affected by these 
changes. Failure in the longitudinal cross-section of 
the building causes the current to diverge from the 
straight path and leads to a better flow direction to the 
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area behind the wind of the building. Consequently, 
the apparent air inaction in this area of the rigid mod-
el, by creating longitudinal porosities and fractures of 
the building body, can be significantly modified and 
bring comfort to passers-by. Graphic contours indi-
cate that the change in geometric structure and struc-
ture of the building cannot significantly affect the flow

pattern in the windward area of the building.
The second step of the study examined the effect of 
the recess height of the body on the ventilation of the 
passages around the building. The measured areas 
and the numerical analysis results are shown in Figure 
11 and Tables 6-7.

Fig. 11. Name and Position of 8 Peripheral Areas of Models A1.5-A3.5 and Rigid Model

Table 6. Mean and Maximum Values of Flow Velocity Obtained from Simulations in the Peripheral Areas of Models 
A1.5-A3.5 and Rigid Model

A3.5A3A2.5A2A1.5Solid

0.96 
1.71

0.78 
1.66

1.07 
1.9

1.03 
1.82

0.81 
1.76

1.06 
1.93

0.81 
1.51

0.69 
1.49

1.01 
1.88

0.95 
1.82

0.73 
1.7

1.07 
1.97

0.91 
1.79

0.73 
1.72

1.11 
2.05

0.57 
1.38

0.56 
1.51

0.82 
1.82

0.29 
0.80

0.85 
1.73

0.29 
0.80

0.87 
1.76

0.3 
1.04

0.74 
1.7

0.23 
0.99

0.85 
1.8

0.29 
0.98

0.89 
1.88

0.17 
0.60

0.71 
1.89

0.95 
1.68

0.85 
1.68

1.10 
1.90

1.00 
1.76

0.87 
1.76

1.11 
1.95

0.96 
1.69

0.79 
1.68

1.09 
1.94

0.93 
1.74

0.79 
1.73

1.10 
1.99

0.87 
1.71

0.8 
1.77

1.09 
1.96

0.58 
1.36

0.59 
1.52

0.85 
1.81

Table 7. The Difference between the Mean and Maximum Values of the Flow Velocity Obtained for each Domain with 
the Base Model (Rigid Building) in Percent

A3.5A3A2.5A2A1.5

+68.42 
+23.91

+39.28 
+9.93

+30.48 
+4.39

+80.70 
+31.88

+44.64 
+16.55

+29.26 
+6.04

+42.10 
+9.42

+23.21 
-1.32

+23.17 
+3.29

+66.66 
+31.88

+30.35 
+12.58

+30.48 
+8.04

+59.64 
+29.71

+30.35 
+13.90

+35.36 
+12.63

+70.58 
+33.33

+19.71 
-8.93

+70.58 
+33.33

+22.53 
-6.87

+76.47 
+73.33

+4.22 
-10.05

+35.29 
+65

+19.71 
-4.76

+70.58 
+63.33

+25.35 
-0.52

+63.79 
+23.52

+44.06 
+10.52

+29.41 
+4.97

+72.41 
+29.41

+47.45 
+15.78

+30.58 
+7.73

+65.51 
+24.26

+33.89 
+10.52

+28.23 
+7.18

+60.34 
+27.94

+33.89 
+13.81

+29.41 
+9.94

+50 
+25.73

+35.59 
+16.44

+28.23 
+5.28

The results obtained from the second stage of the 
simulations revealed that in all models, the average 
and maximum flow velocities in the Rg1, three re-
gions increased compared to the rigid model. In these 
two areas, the average changes in flow velocity com-
pared to the base model are in the range of +23.17 to 
+35.36, and the changes in maximum flow velocity 
are in the range of +3.29 +12.63. The highest increase 
in flow velocity in these two areas is related to model 
A1.5 and the lowest value is related to model A2.5. 

The highest positive growth of average and maximum 
flow velocities was observed in the squinch areas 
compared to the rigid structure in model A3 and the 
lowest value was observed in model A2.5.
The quantitative results obtained from the simulation 
of the models indicate an average increase and a de-
crease in the maximum flow velocity relative to the 
rigid model in the windward region. The average flow 
velocity in this area increased from 4.22% to 25.35%; 
meanwhile, the maximum wind speed values have 
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been reduced by up to 10%. Among the five mod-
els tested, model A1.5 showed the best and A2.5 the 
weakest flow pattern in this range.
The mean and maximum flow velocities in the 
squinch areas (Reg 4, 5) indicate a positive growth of 
the mean and maximum wind speed variables com-
pared to the rigid model. The average growth rate 
was 23.21% to 47.45% in this area, and the maximum 
growth rate was 9.93% to 16.55%.
Examination of the results in the back-to-wind area 
(Reg 6, 7, 8) indicated that by making geometric 
changes, the flow behavior in the back-to-wind area of

the building has improved compared to the rigid 
model. Geometric alterations of the building with a 
significant increase in the average flow velocity in 
the range of 35.29% to 80.70% and maximum wind 
speed with an increase of 9.42 to 73.33% have elimi-
nated the stagnation in this area in the rigid model and 
have improved urban wind ventilation. At large, it can 
be indicated that the wind flow velocity in the back-
to-wind area of the building had the lowest growth 
in the A3.5 model and the highest growth in the A3 
model compared to the rigid model.

Fig. 11.Graphs of the Average Values Obtained for the Average and Maximum Flow Velocities in the Eight 
Surrounding Areas of the A1.5-A3.5 Models

A comparative study of the results (Fig. 9) revealed 
that models A3 and A1.5 have the highest average ve-
locity and maximum flow velocity around the build-
ing, respectively. The diagrams indicate that the cre-
ation of terraces and recesses throughout the body of 
the building can have a positive effect on the ambient 
wind flow. Model A3 increased the natural ventilation 
potential of the city by increasing the average ambient 
velocity by 46.66% and model A1.5 by increasing the 
maximum wind speed by 16.89%. The results revealed

that increasing the height of body recesses from 1.5 
to 2.5 meters by reducing the average and maximum 
flow around the building had a negative effect on the 
efficiency of natural ventilation. It can be acknowl-
edged that there is no direct relationship between the 
height of body recesses and the efficiency of natu-
ral ventilation, and among the five defined models, 
models A1.5, 2, 3 have higher potential and efficiency 
than the other two models.

Fig. 12. Graphic Contours of Flow Velocity at the Height of 1.5 m above the Ground in Models A-E and Rigid 
Buildings
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A comparative study of graphic contours (Fig. 12) 
shows that changes in the height of the terraces have 
led to changes in the urban wind pattern. It can be 
concluded that the creation of terraces has led to better 
flow around the building and especially the areas be-
hind the wind. This aerodynamic behavior improves 
the peripheral comfort conditions of the building 
compared to the rigid model. Among the five models 
tested, A1.5,2,3 are the proposed models to improve 
the efficiency of natural ventilation around buildings.

6. DISCUSSION
- The simulations revealed that making geometric 
changes in the form of high-rise buildings can over-
shadow the speed and pattern of urban wind flow.
- By making geometric changes in the building of or-
igin, the average wind speed in all separated periph-
eral areas has had positive changes. These results are 
consistent with the findings of studies by Zhang et al., 
2017; Tse et al., 2017; Chew & Norford, 2019; and 
Du et al., 2018. In the meantime, the positive effects 
on the windward area of the target building were min-
imal. Though, the most positive changes are evident 
in the flow behavior of the area behind the building 
wind.
- Failure in the longitudinal form of the building by 
diverting the flow from the direct path and directing 
it to the area behind the wind of the building has led 
to an increase in wind speed in this area. The aver-
age and maximum flow velocities in this growth area 
showed about 194.11 and 141.66%.
- From the geometric models simulated in the first 
step of the research, model A with the highest differ-
ence between the mean values and maximum flow ve-
locity with the rigid base model was introduced as the 
best option to increase the potential of urban natural 
ventilation. Model B with a similar structure is the 
most suitable option after Model A.
- The results of the first phase of the simulations at-
tested that the regular distribution of the recess of the 
body at the height of the building could help ventilate 
the passages by intensifying the surrounding wind 
speed. Though, the focus of the recesses on the cen-
tral part of the building (model C) causes a signifi-
cant decrease in the flow velocity around the building 
compared to the rigid model. This part of the results 
is consistent with the findings of studies by Du et al. 
(2018) that examine the effect of building porosity on 
the ambient wind.
- The study of the first stage modeling proved that 
the creation of terraces around the building as one of 
the geometric changes of the building has positive ef-
fects on the natural ventilation of the perimeter of the 
building. In this regard, the simulations of the second 
phase of the research proved the effect of changing 
the height of terraces and body recesses on the poten-
tial of urban natural ventilation.
- By creating terraces all over with different heights, 

the average speed around the building at the pedestri-
an level increased compared to the rigid model in all 
measurement areas. These positive changes are more 
evident in the back-to-wind area of the building than 
in the windward area of the building.
- The second stage simulations revealed that the sur-
rounding wind speed has increased compared to the 
base model. However, this increase is much higher in 
other areas of 6-7-8 (back to wind area).
- Simulations showed no clear relationship between 
speed changes around the building and the height of 
the building terraces. Buildings with recess heights of 
1.5, 2, and 3 bodies showed better results than ter-
raced buildings with 2.5 and 3.5.
- A comparative study of all the simulated models in 
both stages proved that creating geometric changes 
and cross-sectional shapes of the building at different 
levels affects the wind flow around the building. This 
achievement is consistent with the research results 
conducted by Tsichritzis and Nikolopoulou (2019) 
and Tse et al. (2017). The best way to increase the 
speed of urban wind flow is to make changes in the 
form of regular recesses in the entire height of the 
building. The focus of this form failure in parts of the 
building, especially the middle part, has a negative 
impact on the efficiency of ventilation and wind flow 
around the building.

7. CONCLUSION
It is essential to pay attention to the building's climat-
ic considerations and aerodynamic behavior along 
with functional and aesthetic issues in the first steps 
of architectural design. The 9-storey buildings stud-
ied in the first step of this research were five models 
with different geometric structures and longitudinal 
sections. Examination of the results of CFD simula-
tions proved the positive effect of these changes on 
the improvement of urban wind flow compared to the 
rigid model. These changes resulted in an average in-
crease of 48.33% and a maximum urban wind flow of 
16.89% compared to a simple (at best) cubic building. 
All areas around the target model experienced a posi-
tive increase in flow velocity, but in the meantime, the 
back-to-wind area had the most positive changes with 
an average increase of 194% and a maximum wind 
speed of 141%. Making formal changes to intensify 
the flow of the surrounding passages in the form of 
the recess of the body should be in the form of a reg-
ular distribution of recesses in the entire height of the 
building. It is not recommended to focus the recess on 
a specific building elevation, especially in the middle 
parts.
The second phase of the research, focusing on Group 
A buildings as the most efficient model of the first 
phase, investigated the role of changing the height of 
body recesses on the wind behavior around the build-
ing. The simulation results of this stage revealed no 
direct relationship between the height of the body re-



 Investigating the Effect of Building Body Recess on Urban
Wind Flow Performance

Page Numbers: 43-60 57

Ar
m

an
sh

ah
r A

rc
hi

te
ct

ur
e 

& 
Ur

ba
n 

De
ve

lop
m

en
t

Vo
lu

m
e 

14
, I

ss
ue

 3
7,

 W
in

te
r 2

02
2

cess and average and maximum wind speed around 
the building. By improving the pattern of wind be-
havior in 8 areas around the building, these models 
can increase the average flow velocity of the back-
to-wind area and the squinch by 80.70% and 47.45% 
at best. Meanwhile, the A3 model with a height of 3 
meters of recessed spaces showed an average increase 
potential of 46.66%, and the A1.5 model showed a 
potential increase of 16.89% of the maximum wind 
speed around the building.
The results of this research can be used as a design aid 

model to guide the practice of architects in designing 
buildings that can provide comfort to passers-by in the 
passages around the building in hot climates by inten-
sifying and strengthening the surrounding currents of 
the building. Nonetheless, it should be mentioned that 
as well as the mentioned advantages, the use of con-
tinuous terraces in the floors can increase the speed of 
flow, and in addition to creating air blinds, can cause 
annoying wind noise in the upper floors. So, in us-
ing this solution, all aspects and conditions should be 
carefully studied and considered.

END NOTE
1. Buildings with a height of 27 meters or more or a building whose number of stories including the ground floor 

is 8 stories and more or the height of the height of the highest usable floor of the storey is more than 2 meters 
above the average ground level is called high-rise.

2. In investigating the effect of physics based on aerodynamic behavior, Razjouyan studied the proportions of the 
building in the form of the length of the obstacle and its elongation to the wind and the ratio of height to the 
length of the obstacle to the wind (Razjouyan, 2007).

3. Architectural Institute of Japan
4. Solution independence from the network means selecting the best possible network and mesh dimensions to 

receive the correct answers in the CFD group simulator software.
5. The only exception was the Model C, with a 3.28% reduction in maximum wind speed from baseline.
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