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Abstract

Excessive heat in the high-rise urban fabric has contributed to pedestrian and occupants' discomfort. Establishing wind circulation in
space with an environmentally compatible and optimal configuration is necessary to improve comfort in this region. The study benefits
from field measurements and experimental validation of CFD simulation to investigate the effective parameters that affect wind speed.
The master plan has proposed decentralized and limited high-rise construction to prevent the horizontal growth of Babolsar city.
Meanwhile, the demand for high-rise buildings is high in the city. Therefore, altitude density (height factor) is considered as a constant
factor. The buildings' orientation and enclosure based on the passages' width have opposite reactions in the direction of the prevailing
wind. The correlation between the orientation and the enclosure with the wind speed are the values of 0.504 and 0.2226 respectively,
which have the highest correlation among other parameters. The changes have been made in the building orientation factor in the
dominant wind direction by creating permeability as well as creating low enclosure in the paths and empty spaces perpendicular to the
dominant wind (W’=3W, E’ = 0.33E). These strategies have finally improved wind velocity and created wind circulation in urban block
spaces. Finally, according to the data analysis for Climate compatible in humid areas and the optimal behavior of wind flow for proper

urban ventilation, an improved layout for future developments will be presented.

© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

1. Introduction

About two-thirds of the world's population will be living in cities
by 2050, and this ratio is still growing [1]. Urbanization growth
has led to the expansion of cities and the increase of urban density
[2]. New cities are characterized by massive high-rise structures
[3] so that urban space becomes denser in space with high
construction intensity [2].

As urban density increases, environmental problems arise, and
urban design must provide solutions to these problems [4]. Since
the urban areas are affected by the urban forms, this type of city
deformation often causes dysfunction in the urban environment
[2]. Urban development as a combination of complex forms
significantly affects the aerodynamics of the environment. Hence,
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high-density areas are environmentally unfavorable and high-rise
buildings that are inseparable from a modern city can significantly
deteriorate the urban environment [5,6].

Urban shape variables have a great impact on climatic factors
such as temperature, humidity, wind flow, shade, and sunlight [3].
Living in high-rise buildings provides more daylight, cooler
winds, and less humidity in the residential area. Non-compliance
with planning and design standards by the mentioned climatic
factors are probably the reasons why residents are not eager to live
in hot and humid cities. [7]. Therefore, urban design should create
a micro-climate to reduce the temperature caused by the urban
block layout. Design strategies can create or modify an
environmental comfort that improves thermal conditions [8].

In this study, the effect of the physical characteristics of the
urban block shape on climatic factors in the humid region is
investigated. In humid areas, wind flow is one of the main climatic
factors that have direct effects on the optimal temperature and
humidity and changes with the geometrical ratio of building
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blocks as well as urban patterns [9,10]. The quality of air outside
and inside the building depends on the ventilation of urban areas
by the wind flow. Wind flow improves outdoor air quality by
diluting heat between buildings. Urban wind flow is influenced by
urban morphology, which is a combination of urban density,
arrangement of buildings next to each other, and their shape and
dimensions [11,12]. The real feel of heat in space decreases as the
wind speed improves. This is because increasing the wind speed
can increase the movement of cooler air and the mixing of the
atmosphere, and can cause the movement of air humidity.
Therefore, it has a great potential to use the natural wind to reduce
local heating and is practically significant for increasing urban
ventilation [12].

The growth of high-rise buildings and high-density urban blocks
prevents the prevailing wind flow [13]. One way to neutralize or
reduce outdoor ventilation problems is an optimal design for
prevailing wind flow. This process removes the trapped heat air
between the urban masses [14]. Numerous studies investigated the
relationship between outdoor air conditioning and urban form.
Based on their findings, there are fundamental variables that guide
outdoor natural ventilation. The urban forms include the physical
details of the urban textures. The physical details consist of the
buildings' orientation [15,10,16], their enclosure in space [15,17-

Table 1. Theoretical references used in comparisons for algorithm validation.

19], the type of their configuration in the texture [20], the
buildings' height [14,21], and the width of the streets between
them [22-24]. Small modifications in their configuration and
orientation, such as changes in the corners of buildings as well as
setbacks in the building shape, can improve the wind comfort in
the texture. In addition to the configuration, the compatibility
between the building blocks' height and the streets' width between
them can be effective factors in the wind flow pattern. However,
each of these two factors alone has a significant influence on wind
velocity and its distribution [25,26].

Increased enclosure (H/W), in other words, the ratio between
building height and passage width, has been reported in many
studies in hot and humid regions [27,28]. Moreover, the direction
of the wind flow is another important factor in reducing the
temperature, especially in summer [29,30]. Investigation of these
factors gives us a better understanding of the behavior of urban
form changes in an area. Also, urban shape variables support the
conditions for providing a model for improving the ventilation of
urban blocks. This article aims to investigate the building's mass
modifications and their effect on wind flow for improving outdoor
comfort for inhabitants in their living environment.

In this research, the case study is a local context of the city of
Babolsar, northern Iran. Babolsar has a temperate and humid

Author Urban Setting Objective Intervention Studied Turbulence Validation Inlet boundary
means factors model layer
[31] SC WS Inc W,H,E RNG WT Uni
[32] BB WS Inc E, O. Inc E, SO k—e - Uni
[33] SC WS Inc, Dec E. Dec W, H RKE WT ABL
0. Inc
[34] BB WS Inc, Dec. C,BO SKE - Uni
[35] SC WS Inc E, O. Inc E.S,O - FM -
[36] BB WS Dec H. Dec W,H,SL,E SKE WT ABL
[37] UD WS Inc W. Dec C,E, S SKE - Uni
E. Inc
[4] BB WS Inc P. Inc C,H, SO, P k—e SST WT ABL
[8] ubD WS Inc H Dec H,E,BO SKE - ABL
[38] BB WS Inc C TA Inc C, TA SKE FM Uni
[39] BB WS Dec H, O Inc H,W,D,0 SKE WT ABL
[16] SC WS Dec 0. Inc E,O RNG, LES WT ABL
[14] BB WS Inc W. Dec H,O,E, W Real-KE WT Uni
S. Inc
[40] BB WS Inc P. Inc C,H, P SKE WT Uni
[41] UD WS Dec C. Dec SH, SI, C SKE - Uni
H. Inc
[22] BB WS Dec H. Inc H,D SKE WT ABL
[42] UD WS Inc E, TA. Inc D,E,C,H,W  MKE FM Uni
[43] BB WS Inc E. Inc H,W,D Real-KE FM ABL
[44] BB WS. Inc. H. Inc H,P RNG WT Uni
[25] UD WS. Inc. SO, BO, H. Inc D,H,E FM Uni
[45] SC WS. Inc. 0. Inc E,D,C k—& SST WT Uni
[26] BB WS. Inc. C, O. Inc. SH, C,BO, E Real-KE WT ABL
[46] BB WS. Inc. W, E. Inc. C, W,BO, H, SKE FM, WT Uni
BL
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climate as it is in proximity to the sea. In recent years, dense and
high-rise construction has taken place due to the geographical
location of the city, tourism, and economic benefits. According to
the urban plans, limited and decentralized high-rise buildings have
been proposed to prevent the horizontal growth of the city. Since
outdoor spaces, ventilation, lighting, etc. are not considered, urban
planning is strongly influenced by economic interests. The
northern parts of the city and the streets leading to the beach have
been surrounded by high-rise buildings. This sudden deformation
in the building blocks has reduced the wind velocity among them.
Reducing wind velocity and wind circulation leads to a feeling of
high heat and decreases residents’ and pedestrians’ comfort in the

a

S

space between buildings. The physical factors of block's shape that
affect wind flow are building height, the width of passages and
space between buildings, confinement, and orientation of
buildings to the prevailing wind in this area.

In recent years, there has been a significant surge in research
focused on simulating wind flow in outdoor environments. These
studies have shed light on the crucial role played by alterations in
urban physics' characteristics in enhancing wind flow. To gain a
comprehensive understanding of the various investigations
undertaken to improve urban ventilation performance through the
manipulation of wind flows into buildings, refer to Table 1, which
presents a comprehensive overview of these studies.

Fig. 1. (a) The location of the study area, (b) Aerial view of the case study area and surroundings from West to East. The orange line in (b) indicates the border of the
case study area, (h) and (i) Corresponding views of the computational 3D model, (c) Street view from South to North direction (d) Street view from the middle of the
study area taken from point 1 on (j) from South to North direction. (e), (f) and (g) Street view from West to East taken from a high rise building south of the case study

area, (j) Plan view of the area and location of measurement points.
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Fig. 2. Wind-rose diagram in a period of 60 years in Babolsar city, Mazandaran’s
capital.

Fig. 3. ST-3880 hot wire ANOMET.

The following observations can be made:

e CFD simulations are used to pursue such studies. This
method is one of the most common methods for airflow
simulation studies.

e The urban ventilation study takes place according to the
masses'-built layout, and most of these layout properties have
focused on the physical structure of the blocks and their
configuration type.

o Finally, there is a significant effect of these characteristics
(enclosure, street width, buildings height, buildings and
streets orientation, configurations, density. etc.) on wind
velocity in different conditions. The wind treatment is altered
in the block by changing each of these characteristics.

1.1. Research objectives

In this study, the effective physical factors on wind velocity that
have been introduced in previous studies, are investigated in the

study area. By recognizing the effective factors on wind velocity
and improving the built environment, it can help urban breathing
and provide better environmental comfort for the future.

The purpose of this study is to create a comfort zone in a humid
climate with low wind speed, along with the increasing
development of high-rise construction. To create comfort in this
zone, it is necessary to identify physical factors that increase wind
speed and help reduce and remove moisture. Finally, the effective
factors to reach optimal comfort conditions are improved. To
achieve this process, the research is based on the following
questions: 1) What is the change in wind speed with the change of
urban block area, height, width, buildings' orientation 2) Which of
these variables is the most effective factor in wind speed? And 3)
How does the combination of ventilation variables improve the
effect of outdoor air conditioning by modifying the urban block?

2. Research method
2.1. Analysis of the case study area

Babolsar is a city located in 36°42'09" latitude and 52°39'27"
longitude in Mazandaran province in the northern part of Iran
between the Caspian Sea and the Alborz mountains. The current
study is mainly composed of low-rise buildings based on the
classification made by Stewart and Oke [47]. During recent years,
the waterfront area has been witnessing ongoing development
where low-rise and low-density areas have become high-rise and
high-density, because of the visual access to the seafront and
proper infrastructures and facilities in the coastal area. The area is
covered with streets and buildings. The green space is low
between the residential buildings.

The study area has two urban blocks (shown as block i and block
ii in Fig. 1). It covers a total surface area of about, 111315 m?. The
length of the area is 466 m and the width is 258 m. The comparison
of blocks i and ii indicated that in block i, the density and setting
of buildings have been adapted to the nearby fabric, while block ii
has maintained its traditional physical condition. The demands for
construction are going to change the morphology of block ii and
transform it into high-rise buildings. The minimum height of
buildings is 4 m in block ii, and the maximum height of buildings
is 39 m in block i.

The air humidity in Babolsar is higher than in other cities in
Mazandaran, due to its proximity to the sea and the prevailing
weather conditions; in other words, it is sultry. The wind is the
main cause of humidity movement in this area. Wind movement
can reduce humidity between the masses. Its dominant wind
direction during different months of the year in the west and its
speed has been estimated at 1.4 m/s at an annual average (Fig. 2).

3. Field measurements
3.1. Selection of field measurement days

The real feel of heat caused by high humidity is felt on summer
and hot days, and not on cold days of the year. Therefore, for
investigating the impact of urban ventilation on micro-climate, it
is better to select sunny or mostly sunny days. Previous studies
have also shown that microclimates can change during the day of
the week because there is an interference between human activity
and the heat generated [48]. Therefore, measurement days should
be done on several uniform days at different hours to minimize the
interference of diversity of human activities. According to the
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Table 2. The average value of wind speed in three days and the average value of total data.

7-Aug 8-Aug 9-Aug Average
1 1.177 1.12 1.13 1.142333
2 1.282 1.014 1.278 1.191333
3 1.243 0.326 0.67 0.746333
4 0.691 0.786 1.026 0.834333
5 1.128 1.232 1.23 1.196667
6 1.355 0.94 1.16 1.151667
7 0.446 0.342 0.436 0.408
8 1.108 0.99 1.452 1.183333
9 1.135 0.94 1.11 1.061667
10 0.516 0.36 0.542 0.472667
11 1.012 0.432 0.81 0.751333
12 1.001 0.74 0.806 0.849
13 1.29 1.02 1.214 1.174667
Symmetry Velocit‘y outflow

Symmetry condition «

N
Velocity inflowy

<=l

4
e

L
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o %,
N
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Fig. 4. 3D view of computational fluid dynamics domain with the sign of main dimensions and boundary conditions.

physical conditions, the measurement process was performed on 3
consecutive warm summer days, between the 7th and 9th of
August 2018. The measurements were recorded in 5 time periods
during the day between 8-10 am, 10-12 am, 2-4 pm, 4-6 pm, and
6-8 pm. The temperature difference between 10-12 and 12-2 is
very small and, it is ignored.

3.2. Mobility survey method

The mobile traverse technique has been commonly adopted for
collecting microclimatic information at the local scale. This study
adopted the mobile survey method to monitor the wind and
thermal environment in the open, enclosed, and gridiron precinct.
The detailed information of mobile survey routine, instrument
setting, and data loggers are presented as follows.

3.2.1. Mobile survey routine and measurement time

In this study, due to resource limitations, there were three sets of
mobile microclimatic weather stations to record the microclimatic
information. To better report and measure near-reality wind

speeds in microclimates, it is essential to set enough points with
different features for measurement. This study set 13 measurement
points. The measurement positions are indicated in Fig. 1(c) which
presents some information about the measurement locations and
the number of measurement points for each location and each
point is arranged in as many places as possible with specific
physical characteristics. The distance between two points (i.e. 1
and 2) was about 120 m, requiring people to move manually the
weather station from one point to the next in 10 min. All three
devices should record the microclimates simultaneously and if one
set was not well arranged in 10 min, another 10 min would be
given to set up the station. For the position of the weather stations,
it is better to arrange them at the center of the vehicle road.
However, for the consideration of safety and the avoidance of
vehicles, under most conditions, it was difficult.

3.2.2. Environmental sensor and parameter

The wind velocity was measured by anemometers (ST-3880 hot
wire ANOMET) (Fig. 3). The device consisted of a sensor for
wind speed in each direction. Their accuracy is £5% (overs for
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wind flow occurrence up to about 50° from the horizontal. The
devices were set at a height of 1.75 meters above the ground.

3.3. Data analytical methods

Moreover, the movement of vehicles disrupts uniform conditions
for more accurate and realistic wind speed measurements and the
transient data presents high uncertainties Therefore, repeating the
measurement every 10 minutes for a period of 2 hours, minimizes
the error.

3.3.1. Descriptive analysis

The average value of wind speed in three days and the average
value of total data were described in Table 2, which is quantified
by the anemometer device.

4. CFD simulation

4.1. Computational model, domain, grid, and solution
parameters

The city's setting model and layout meshing have been created
using ArchiCAD 16.0 and Flow-3D (V11.2) [49]. The
computational geometry of the research area produces in the
software at scale 1:1. The dimensions of the computational domain
are chosen based on the practice guidelines by Refs. [26,46] (Fig.
4). The domain includes a total area of 566 m x 258 m, containing
all the buildings in two blocks. The height of the domain is 78 m
where 39 m is the maximum building height. The downwind
domain size is 200 m. For wind direction 270°, the domain
dimensions are L x W x H= 1566 x 258 x 78 m*. The mesh included
550 segments in the x-direction, 300 in the y-direction, and 50 in
the z-direction, resulting in a grid with 11,390,184 cells in a
Computational domain system. The computational grid is shown
in Fig. 4.

4.2. Boundary conditions

The boundary condition sorts are described in Fig. 3. As stated in
the physical environment data, different inflow volume rates were
determined in the model. The inflow status on the left side of the
domain's fluid (y-z plane) is given as follows. The wind inlet
boundary conditions are by the measured profiles of mean wind
velocity along the middle line upstream of the model. The inflow
wind velocity is 1.4 m/s. The orientation of the city’s setting has
been selected according to the dominant wind direction. The
aerodynamic length is assigned by the measured profiles of mean
wind velocity. For the interior of the domain, the buildings are
modeled clearly. It means that the model of buildings, the base
plane of the simulation model, and building walls are modeled
with z0 = 0 m. Sidewalls were assigned to the wall boundary
condition. The velocity outflow status put is placed to the right
side of the fluid (y-z plate) of the domain. At the outlet of the
domain, zero static module pressure is applied.

4.3. Solver settings

The CFD simulations are performed using the commercial CFD
code FLOW-3D (V11.2). FLOW-3D solves the flow field
equations based on the finite volume method, which is a highly
used type of numerical solution method [50]. There are different
turbulent models which can be applied to the flow field cells,
including Spalart-Allmaras, Standard K-, RNG K-¢, Realizable

K-¢, and Reynolds Stress Model. RNG turbulent model is a
reasonably accurate and robustious turbulent that applied to the
model [51]. Based on literature reviews, RNG applied to the
model, which is a robust, reasonably accurate, and robust turbulent
model for modeling flow. The k-¢ turbulence model can exactly
describe the outdoor air environment. However, the outdoor wind
environment is all the time changing, the steady-state model has
been able to describe and solve the problem; therefore, it is used a
steady-state model to calculate. K-e equations are derived from the
application of a rigorous statistical technique (Renormalization
Group Method) to the instantaneous Navier-Stokes equations. The
solver setting equations can be written as follows: [51,52]

aU;

—J =

6xi 0 (1)
Ui 190 L 9 Ui i( %)
J Oxj - p 0x; + Oxj [(U + vt) Ox; + ox; t 0x; (2)

where x; and y; are the components of axes x and y. U; are the
average velocity component along the axes x, y and z,
respectively; k and € are turbulent kinetic energy and turbulent
dissipation rate, respectively; P is mean pressure, p is air density
and v is the kinematic viscosity of air.

Equations for the RNG — Model:

0 9 _ 0 A
o (Pk) +a—xi(pkui) = o [(u + Uk) (,xj] + Py — pe (3)

2 2 (peu) =2 &)E cp—cr <
at(PE)‘Faxi(Pfuz) _6xj (.u+ e ax,- +ClekPk CZep k

“)

4.4. Validation study

Validation by testing is a basic requirement for CFD studies in
urban structures for accurate and reliable results. For real urban
areas, field measurement in the study area is done directly to
measure the data, but the suitable conditions for measuring the
data for scientific use, especially for validation, can be a
limitation. Due to the inherent instability of environmental
conditions, it is necessary to accurately and completely measure
the parameters of the urban area, including measurement setup and
measurement accuracy, which will be possible with accurate and
complete validation [53]. There are two types of on-site
measurements: (1) measurements at fixed positions for a period of
6 months and (2) measurements on mobile posts (height 1.75 m)
that are positioned at different positions on the selected days
during the same period.

For validation purposes, on-site wind speed measurements have
been conducted with 3D ultrasonic anemometers. Measurements
were positioned at a height of 1.75 m and in 13 different positions,
on 3 warm days in summer. The measurement positions are
indicated in Fig. 5 [54].

The characteristics of the wind flow between the buildings are
revealed through the field harvesting in the environment. CFD
simulations with the present data can provide better analyses of
the different aspects of the wind flow, although high-precision
simulation is required. The velocity factor is recorded and
compared in both the measurement and simulation environments.

Schatzmann and Leitl precisely explained the systematic
differences between environmental data measurement, laboratory
experiments, and RANS simulation. Measuring environmental
data averages are 10 minutes to 30 minutes, but the results of the
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Fig. 5. The average of Wind speed CFD Simulation and Wind speed measurement points in 3 days.

Fig. 6. Showing 45 points simulation area.

average RANS simulation time are quite consistent with
theoretical time intervals because the environmental climate
conditions change in 30 minutes [55]. Also, the measured
environmental data in constant situations and the measured wind
velocity average can be used in the validation data [54]. To
validate the CFD simulations, on-site measurements must be
performed for the actual configuration and then compared with
CFD simulations performed using different turbulence models.

Two types of measurements (Fig. 5) have been conducted: (1)
measurements at fixed positions for a period of 6 months and (2)
measurements on 4 mobile posts (height 1.75 m) that were
positioned at 12 different positions on windy days during the same
period.

5. Result
5.1. Analysis of masses’ physical characteristics

After validating the CFD simulation, 45 points were selected due
to their different physical condition in the simulated environment
(Fig. 6). Parameters of wind velocity, mass orientation to the wind,
the average height of buildings, and the width of space between

NG T
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gmn

fi i B

b )

3\
o
£ %

24
8

masses were surveyed at the 45 points on the two urban blocks.
Wind velocity is dependent on the orientation, enclosure, height
of masses, and width between them.

Wind velocity variations have been measured and all the factors
influencing the flow pattern and wind velocity have been
investigated. In Table 3, the correlations between the velocity and
four variables are shown in the domain of the model. The linear
regression analysis of variable factors and wind velocity has been
presented in Fig. 7.

Table 3. Correlations between variable factors and wind velocity.

Index1 Index2 R"2
Velocity Orientation -
Velocity Enclosure 0.2226
Velocity Height 0.0321
Velocity Width 0.0305
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Table 4. Excluding 15 data measurements.
Enclosure Height average Width Orientation Velocity Place name
0.466730493 19.5 41.78 90 0.85 17
0.494923858 19.5 394 90 0.85 5
0.438596491 16.5 37.62 90 1.2 10
0.432276657 13.5 31.23 93 1.4 13
0.690261044 13.75 19.92 90 0.9 27
0.504782147 9.5 18.82 87 1 28
0.215517241 4 18.56 90 1.4 32
0.689655172 12 17.4 90 0.9 24
0.323149236 5.5 17.02 87 1.2 29
0.680693069 11 16.16 90 0.9 4
0.252844501 4 15.82 90 14 35
0.356824264 4 11.21 98 1 38
0.60690943 6.5 10.71 86 0.8 36
0.407747197 4 9.81 97 1 22
0.455580866 4 8.78 90 0.9 37

According to Table 3, the correlation of masses orientation to
the wind is different from other factors. Its correlation coefficient
is 0.504, and it has a significant positive correlation. When the
mass's orientation reaches zero-degree, subsequently wind
velocity increases and vice versa.

Correlation is significant between two variables of enclosure
and wind velocity. Its correlation coefficient is 0.2226, and it has
a positive correlation. It means that when the enclosure increases,
the wind velocity increases too. Unlike this result, in some points,
despite the high degree of enclosure, the wind flow rate is low,
which may be due to changes in other variables.

The correlation between average building height and wind
speed is 0.0321 and there is a 0.0305 correlation between width
between building masses and wind velocity. The slope of the
linear regression between variables is very weak, and it shows that
their effect on wind velocity at a pedestrian level is not significant.

5.1.1. Points with different behavior

In Table 4, in the points where the behavior is different from the
results, the correlation test between 4 variables and velocity is
repeated. It is observed in Fig. § that the correlation of the mass's

orientation, enclosure, height, and width are 0.0106, 0.5376,
0.0854, and 0.0034 respectively. There is the least correlation
between the velocity and masse's orientation. The correlation
between the velocity and the width between masses is also low, it
can be concluded that a weak correlation between width between
masses and velocity leads to a very weak correlation between the
mass's orientation and the velocity.

5.1.2. TOPSIS statistical test

The proximity correlation coefficient of the four variables
(orientation, enclosure, average height, and width between
masses) and the wind velocity are calculated with the TOPSIS
statistical test. The theoretical foundations of this technique are
based on this relationship, which at first has been calculating the
positive ideals (the most efficient mode) and the negative ideals
(the least inefficient mode) for each of the variables; Then, the
distance has been calculated for each Variable from positive ideals
and negative ideals. The selected Variable has the least distance
from the negative and the most distance from the positive ideal.
According to this test, the proximity correlation coefficient of four
variables is shown in Fig. 9, and they have a positive correlation
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Fig. 10. Incompatible areas to environmental comfort conditions.

with the velocity. The variables of orientation and enclosure have
a high correlation. The mass's orientation reaches zero-degree;
subsequently, the wind velocity increases, and if the enclosure
increases, the wind velocity will increase too. This correlation
shows that the meaningful relationship is between the two
variables (orientation, enclosure) and wind velocity, so these
parameters must be considered carefully in the design and
development process of urban spaces.

LRLENE

The changing cities due to the consecutive rise of multi-story
buildings in the urban environment necessitates a detailed
computational and physical modeling to optimize the design of
new buildings and control the exposure of the residents to humid
air. In this study, the urban block development effects on wind
flow in an urban environment were evaluated. In the first step, 3D
steady-state RANS simulations were performed on the northern
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Fig. 11. (a) Modification plan and simulation of creating an opening along the passage in the prevailing wind direction and (b)Elaborate comparison between wind flow

profiles of before and after modification of creating an opening in the axis B section.

urban blocks of Babolsar. The following observations can be
made:

e The results clearly show that the orientation of the building's
mass reaching zero-degree can have positive effects in
increasing wind velocity on-site, and the wind velocity
increases along with the mass. Thus, the building's mass
orientation must be in the same direction as the wind flow.

e The enclosure has a significant impact on the wind velocity.
The height and width between masses have little effect on the
wind velocity and direction alone. But the enclosure with an
appropriate and balanced height and width can create a
suitable condition for wind flow.

5.2. Suggested alternatives for two main effective factors in this
area

Suggestions have been made to modify areas incompatible with
the environmental comfort conditions according to the results of
the current situation simulation in Fig. 10.

To this purpose, the variables of masses orientation to dominant
wind and enclosure have been examined in the form of distinct
proposed options for solving the problem

5.2.1. Create an opening to change the wind direction into the
masses

5.2.1.1. Strategy No. 1: Creating permeability by opening along
the passage in the prevailing wind direction

The line graphs show the numeral of wind velocity before and after
the physical modification at the pedestrian level of 0-1.75 m and
above 1.75 in the distance between 0-50 m in Fig. 11. Before and
after the modification, the velocity graphs show different
reactions. There is a gradual decrease in the velocity profile before

modification followed by a rise after a constant value of 0 where
the construction was built, but after the modification, there is a soft
increase in velocity, followed by a rise, and then a drop. As can be
seen, the velocity profile shows a big rise in velocity after
modification due to the eliminating of the part of the building mass
obstructing the prevailing wind direction.

5.2.1.2. Strategy No. 2: Creating permeability by opening along
the passage on the ground floor in the prevailing wind direction

As in the strategy of opening along the passage in the prevailing
wind direction (strategy No.1), the modifications were done at two
levels in the distance between 0-50 m. At the pedestrian level, the
before and after modifications are the same as in strategy No.l.
However, above the pedestrian level at height 10 m, there is a
sharp decrease in velocity profile after modification, followed by
arise after a constant value of 0 where the construction was built.
As can be seen in Fig. 12, the velocity profile shows a clear fall in
velocity after modification at height 10m due to the eliminating of
the part of the building mass on the ground floor obstructing the
prevailing wind direction.

5.2.1.3. Strategy No. 3: Creating open space between building
masses by separating buildings in the wind direction

In Fig. 13, the strategy of creating open space between building
masses by separating buildings in the wind direction is presented.
The line graphs show wind velocity of the physical modifications
at 1.75 m and 10m in the distance between 0-150 m. The velocity
graphs show different reactions before and after the modification
at both levels (at 1.75 m and 10 m) like the strategy of creating
permeability by opening along passage (strategy No.1). There is a
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sharp decrease in velocity profiles before the modifications, rise in velocity after modification due to creating open space
followed by a sharp rise after a constant value of 0 where the between building masses in masses separation in the wind
constructions were built, but there is a sharp increase in velocity  direction.

followed by a fall and then a rise in velocity profiles after

modification. As can be seen, the velocity profiles show a large
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the velocity profiles before and after modifications, followed by a
sharp rise after a long constant value of 0 where the constructions
were built. As can be seen, the velocity profile shows a clear drop
in velocity after the modification at10 m due to the eliminating of
the open space between the building mass on the ground floor
obstructing the prevailing wind direction.

5.2.1.4. Strategy No. 4. Creating open space between building
masses on the ground floor of masses aggregation in the wind
direction

As in the strategy of creating open space between building masses
by separating buildings in the wind direction (strategy No.3), the
modifications are done at a distance of 0-150 meters in Fig. 14. At
the pedestrian level, before and after are like in strategy No.3.
However, above the pedestrian level, there is a sharp decrease in
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Fig. 14. (a) Modification plan and simulation of Creating open space between building masses on the ground floor of masses aggregation and (b) elaborate comparison
between wind flow profiles of before and after modification of Creating open space between building masses on the ground floor of masses aggregation in the axis B
section.
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5.2.2. Enclosure between the masses

5.2.2.1. Strategy No. 5: Changing passage width A and B to 1/54
and 1/5B — changing enclosure E and E’ to 0.66E and 0.66E’
between masses

In the second part of the alternative suggestion, three alternatives
of enclosure modifications are suggested in Figures 15-17. The
line graphs show the wind velocity by changing passage width A
and B to 1/5A and 1/5B, as a result changing enclosure E and E’
to 0.66E and 0.66E’ between masses. The modifications are
displayed at 2 levels based on the previous ones (at height 1.75 m
& 10 m) in the distance between 0 — 150 m in Fig. 15 for two axes
(A&B). If you pay attention to before and after the modifications,
it can be seen that there is no noticeable change in the velocity
profiles. This means that increasing the proposed width is not
enough to change the wind velocity conditions.

5.2.2.2. Strategy No. 6: Changing passage width A and B to 24
and 2B — changing enclosure E and E’ to 0.5E and 0.5E”
between masses

In Fig. 16, The line graphs show the wind velocity by changing
passage width A and B to 2A and 2B, as a result changing
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enclosure E and E’ to 0.5E and 0.5E’ between masses. The
modifications are represented at 2 levels (at height 1.75 m & 10
m). The line graphs of wind velocity have occurred in a distance
between 0-150 m for two axes (A&B). If you look at before and
after the corrections (marked on the diagrams), you can see that
there is some change in the velocity profile, but in general, the
wind flow velocity has not improved. This means that increasing
the proposed width is necessary but not sufficient to change wind
conditions.

5.2.2.3. Strategy No. 7: Changing passage width A and B to 34
and 3B — changing enclosure E and E’ to 0.33E and 0.33E’
between masses

The line graphs show the wind velocity of the physical
modifications at the level of 1.75 m and 10 m same as the previous
two strategies in the distance between 0-150 m for two axes
(A&B). The strategy of changing passage width A and B to 3A
and 3B — changing enclosure E and E’ to 0.33E and 0.33F’
between masses (strategy No.7), unlike the previous two
strategies, the wind velocity increase after modifications by a large
difference compared to before modification in Fig. 17. Exactly the
points indicated on diagrams. These modifications show that the
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Fig. 17. (a) Modification plan and simulation of strategy No.7 and (b) elaborate comparison between wind flow profiles of before and after modification of sections A &
B
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change in width between the buildings has made the freedom of
flow and wind circulation. So, these changes in width between the
buildings were appropriate and created a wind flow.

According to creating permeability by opening along passage
(Strategy No.1) and also creating the opening just on the ground
floor in the prevailing wind direction (strategy No.2) strategy No.1
is preferable to the strategy No.2 because the wind movement
occurs better without prevention and has a significant effect.
Meanwhile, creating an opening only on the ground floor prevents
the wind movement in the upper levels, and the problem of the
wind not moving in the higher part is not completely solved.

The strategies of creating open space between building masses
by separating buildings (strategy No.3) and also creating it just on
the ground floor (strategy No.4) were compared. It should be said

P. V. S. Ribeiro & R. C. Cabuis / Journal of Daylighting 10 (2023) 99-116

that strategy No.3 is recommended because it is necessary to
create an open space between buildings and pass the wind flow
through all parts of the mass, and creating it on the ground floor
will reduce the problem in the upper floors but will not solve it.
Regarding the enclosure between the masses by changing the
width of the passage between the buildings, the passage width
1/5A,1/5B and 2A, 2B with the enclosure 0.66E, 0.66E’ and 0.5E,
0.5E’ (strategies No.5 and 6) were not responsive compared to the
passage width 3A, 3B with the enclosure 0.33E, 0.33E’ (strategy
No.7) and have low efficiency. But in strategy No.7 to improve
wind-flow, the width of the north-south have been changed from
A (A = 9M) to 3A and performs better than the previous two
strategies for the prevailing urban wind flow, finally passages the
velocity increases logically with this type of enclosure. Overall, to
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Fig. 18. (a) Improvement plan and simulation (b) simulation of wind current situation and the improvement design above height 1.75.
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create a suitable enclosure for urban ventilation and wind
movement, changes have been made in the passage's width and the
space between the masses.

5.3. A combination of the best previous strategies as improving
the wind environmental condition

Observing the principles of shape and volume in the texture in Fig.
18, an option will be selected and presented as the improvement
design option. In this option, in addition to the least amount of the
wind intensity reduction in the space between the masses, we see
a common configuration in the design that will increase the
efficiency of changes in texture.

6. Discussion

Based on the result analysis in Section 4, 7 strategies have been
presented to achieve a design appropriate to enhance the wind flow
in urban blocks. Finally, a software-based analysis has increased
the accuracy of this analysis. Based on the tested strategies, it can
be seen that the strategies of creating permeability by opening
along passage (Strategy No.l), creating open space between
building masses by separating buildings (strategy No.3) and
changing passage width A and B to 3A and 3B — changing
enclosure E and E’ to 0.33E and 0.33E’ between masses (strategy
No.7) establish the best velocity flow in the urban fabric and
therefore will have the least velocity reduction in urban blocks.

e Recent studies have investigated the potential of the opening
between building masses and the mass's orientation to the
prevailing wind to control wind velocity. They have
concluded that the prevailing wind flow, when parallel to the
openings and the space between the buildings, increases the
wind velocity and creates windy conditions for areas with
high average velocity [34,16]. Also, increasing wind velocity
between building blocks and streets parallel to the prevailing
wind flow can cause stagnant wind movement and
ventilation [45]. Creating permeability by opening along the
passage (Strategy No.1) is preferable to creating it just on the
ground floor (Strategy No.2) because the wind-flow
distribution occurs without obstruction and causes a
significant increase in wind velocity. In addition, creating an
opening only on the ground floor obstructs the wind flow in
the higher parts and the problem of lacking wind flow is not
completely solved there [44].

e It is necessary to create an open space or permeability of
wind flow in all parts of the building masses, creating
infiltration on the ground floor will reduce the problem on
the upper floors but will not solve it. According to studies by
Du et al. 2018 [44] on the effect of porosity on wind comfort
around a detached building and a group of buildings, it was
decided to place the porosity on the first floor, which is closer
to the pedestrian surface, (better than the second floor) is.
Besides, wind comfort improves with increasing porosity.
For the group of buildings, in the present study wind comfort
is improved in the upstream areas by increasing the porosity
of the building, while other areas are not sensitive to changes
in the size of the porosity. Therefore, strategy No.3 works
better for the upper levels.

e In the Babolsar master plan, height density has been
recommended appropriately for the protection of agricultural
lands and the useful application of buildable and residential

lands. Therefore, to create a suitable enclosure for urban
ventilation, changes have been recommended in the
passages’ width and the space between the masses. Research
on passages between urban masses and their effect on wind
flow shows that increasing the passage's enclosure parallel to
the prevailing wind flow increases wind velocity [56].
Moreover, reducing the enclosure of wind-blocking passages
(90-degree angle to wind) increases the wind velocity [57].
As a result, according to studies, the passage width 3A, 3B
with the enclosure 0.33E, 0.33E’ (strategy No.7) performs
better for the prevailing urban wind flow than the passage
width 1/5 and 2 times of existent width (strategies No.5 and
6), and the wind velocity is increased reasonably.

7. Conclusion

This study aims to evaluate the effect of tall buildings on wind
distribution and intensity in humid and dense areas. The first phase
was to provide increased velocity solutions for dehumidification
and decentralization. Then, improving the structure of building
masses and airflow leads to ameliorating the quality of urban
spaces in high-rise urban blocks. Finally, it resulted in an urban
space that is compatible with the climate and the comfort needs of
residents.

As the theoretical implication, the wind is one of the influential
climatic phenomena in humid areas, especially along the where
coast the demand for high-rise buildings is high. The physical
structure of building blocks has a significant effect to absorb and
facilitate the circulation of desirable wind for dehumidification.
The high wind velocity, in the range to create these conditions, has
caused an inverse relationship with the amount of moisture
trapped between the masses and the most optimal occurrence in
this range, due to climatic conditions and high relative humidity.

As the practical implication, in answer to the first question of
the research, On the analysis of the physics of buildings in terms
of configuration and type of forms, it can be seen that wind flow
changes and increases and decreases, and as a result, this is a sign
of the direct impact of city physics on wind flow.

In answer to the second question of the research, it can be said,
environmental comfort depends on two important factors in areas
near the sea with high humidity and high demand for high-rise
construction: the orientation of the building masses and the
confinement to the prevailing wind. The significant actions to
increase the velocity by orienting the buildings in the direction of
the prevailing wind are the alignment of the wind flow with the
passages, the narrow width of the passages, its canalization, and
the removal of obstruction blocks.

The advantage of increasing and decreasing enclosure can also
be expressed as follows:

- Increasing the enclosure increases the wind velocity in narrow
passages, parallel to the prevailing wind flow and wind channeling
in them.

- Reducing the enclosure increases the wind velocity with wide
passages and perpendicular to the prevailing wind flow (creating
an interconnected wall and preventing the wind flow passage).

Finally, the answer to the third question can be stated as follows,
condition-improving factors have different results in the two cases.
These two modes depend on the direction of wind flow, which
means that in the direction of wind flow, the wind flow increases
with the increasing enclosure by reducing the width of passages
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between tall buildings. The same result with the direction of flow
perpendicular to the building masses, by reducing the enclosure
can increase the wind velocity relatively or create a way for the
permeability of wind flow. Applying each of these factors alone
grants a small change in the wind flow increase, which is not
enough to improve the environmental conditions. Improving the
structure of the urban block by applying the best alternatives of
important factors simultaneously has improved the wind flow
conditions.

We must emphasize the need for extensive research to
thoroughly investigate the process by which the study establishes
a significant correlation between orientation and enclosure factors.
By providing a comprehensive and detailed description, we can
uncover a wide range of potential optimization strategies. This will
further enhance our understanding and offer valuable insights into

the intricate relationship between orientation and enclosure factors.
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