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Abstract: The distinctive paper is devoted to the methodology of pedestrian comfort estimation in the nearby ar-
ea of the object under construction. A verification example of the wind flow simulation around and through a po-
rous object is considered in order to select correct permeability parameters of the computational model of green
spaces. The methodology of pedestrian comfort estimation is tested on the example of a real residential complex
in Moscow. The results of the numerical simulation of velocity fields are used to calculate the criteria for pedes-
trian comfort specified in MDS 20-1.2006. Numerical results are obtained and compared for two study cases -
without and with green spaces (bushes),to assess their impact on pedestrian comfort and the possibility of its ad-
justment.
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INTRODUCTION

Recently, due to significant growth and compac-
tion of urban buildings in the regions of Russia
due to the erection of buildings and complexes
of various architectural forms and original de-
sign solutions, one of the most important factor
to consider during construction of buildings and
structures is the type of wind conditions at the
construction site. Wind loads and impacts in ur-
ban areas are formed taking into account veloci-
ty and temperature fields inside and above urban
areas due to a wide range of atmospheric pro-
cesses, which in turn are modified to take into
account the topography and configuration of the
land surface of the area [1]. The impact of veloc-
ity in urban areas can lead to a negative change
in the microclimatic conditions of the air envi-
ronment, and can also be a source of unfavorable
situations [1-5]. The lack of a culture and resi-
dential practices in designing the wind patterns
of residential areas, taking into account the exist-
ing and future development, has already led to
the emergence of neighborhoods where the ve-
locity does not decrease, as is usually the case in
a city, but increases by 20% or more at the end
gaps between the buildings, there is a strong nar-
rowing of the air flow, and as a result velocity
acceleration zones and/or high turbulence zones
are formed, which creates uncomfortable condi-
tions for pedestrians [6]. Wind speeds provided
by meteorological stations may differ signifi-
cantly from the wind conditions on the ground
due to the influence of local urban development,
unique in its kind for each district of the city.
Modeling of aerodynamic conditions (using nu-
merical and /or experimental methods) allows to
analyze the occurrence of adverse situations in
pedestrian areas, considering the specificity of
the landscape and the surrounding buildings, and
propose measures to eliminate them or reduce
their negative impact.

The aim of this paper is to perform an approba-
tion of the methodology for assessing pedestrian
comfort with correct consideration of green
spaces using the example of a real construction
object, and to determine the design parameters,
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such as required number of wind angles of at-
tack. As an expected result of an assessment,
recommendations on green spaces arrangement
that provides pedestrian comfort improvement
should be formulated.

1. NORMATIVE AND ANALYTICAL
APPROACH TO ASSESS PEDESTRIAN
COMFORT

According to SP 20.13330.2016 [7], when de-
veloping architectural and planning solutions for
urban neighborhoods, as well as when planning
the construction of buildings inside existing ur-
ban neighborhoods, it is recommended to assess
the comfort in pedestrian areas in accordance
with the requirements of the standards or tech-
nical conditions. However, any criteria for pe-
destrian comfort in [7] are not formulated. Such
criteria are described only in MDS 20-1.2006
[8], according to which the comfort condition
for pedestrian areas is as (eq. 1):

W< Vr:r : Tc(Vcr) < Tiim (1)
where V' is the velocity in a gust at the level of
1.5 meters; 7. is the duration of the appearance
of velocity V, more than a certain critical value
Vers Thim 18 T, limit value.

The V., and T}, values for the three established
comfort levels are listed in table 1.

Usually, when assessing the comfort in pedes-
trian zones with velocity J at a characteristic
height of z.=1.5 meters, the frequency of its oc-
currence 7. is determined by the relations (eq.
2

T, = AT, P(V > V,.) (2)
where 47, is the interval of measuring velocity
V., at meteorological stations (usually 47, = 3
hours); P(V>Vcr) 1s the probability that the ve-
locity exceeds the critical value V.
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Table 1. Critical velocity V. (m/s) and
the maximum duration Ty, (hour /vear) of their

appearance.
Comfort level I 11 111

V., m/s 6 12 20

Tiim, hour/year 1000 50 5

2 METHODOLOGY OF PEDESTRIAN
COMFORT LEVEL ESTIMATION
WITH APPLICATION

OF NUMERICAL METHODS

2.1. Basics of the methodology.

In [6, 9], the following method for pedestrian
comfort estimation based on numerical model-
ing of the aerodynamics of buildings in the sur-
rounding buildings is presented. After calcula-
tions performed for all wind directions, the re-
sults are processed using a special computer
module. The values of the wind gusts at the
characteristic monitoring points of the urban
area are summed with the weight coefficients
corresponding to the frequency of occurrence of
the wind impact of a given direction and a given
speed range. 1.5 m is taken as the estimated
height.

After numerical modeling for all wind direc-
tions (usually j =1, ..., 24), the «discomfort time
of level /» K.,; (I = 1,2,3) for a representative set
of points of pedestrian zones is determined by
the relations (eq. 3):

Ko = X.8ijTij, 3)

VU — VE/Vlﬂ(l + 6 - [)
where V;, i=1,2.3 is the velocity in the table of
weather data ("wind rose"); 7j; is the duration
(according to meteorological data, hours per
year) of wind influence of direction j and mean
velocity V;; V; is the mean wind speed at this
point according to the calculation for direction j
at speed Vg at a height of 10 m; Vs the maxi-
mum velocity at the point in the gusts at the
wind velocity Vi; € is the assurance coeffi-
cient(usually in the range from 1 to 3); S; is an
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indicator (0 or 1) that shows the local wind
speed exceedance of the critical value V,,; for a
given comfort level /at the point Vy;
1 —(p-IKE/abs(P)/S)W is the turbulence intensity
(standard of velocity pulsations); P = pV2/2 is
the mean pressure; 7KE=3/2(1 -V)2 is the turbu-
lence kinetic energy.

The wind rose is received according to the
weather data. To assess the distribution of wind
speeds inside the rumba, in practice, as a rule,
the Weibull distribution is used [9-12].
Estimation of the standard deviation of the pul-
sation velocity component is based on the
steady state simulation results using calculated
values of turbulence kinetic energy 7KE and
considering the 0 =2 (eq. 4):

I
7= 13

2.2. Wind chill effect.

In the winter season, due to the cold wind cur-
rents and wind gusts, the human body may ex-
perience wind chilling, as a result of which the
temperature feels completely different than it
actually is. Scientists and medical experts of the
Joint Action Group on Temperature Indices [13]
implemented an index of wind chill. The result-
ing model can be approximately, with an accu-
racy of one degree, formulated as
equation 5:

“

Twe = 13.12 + 0.6215 - T, — 11.37 - y t0-16 (5)
+0.3965 - T, - V+0-16

where 7. is the wind chill index, 7, is the air
temperature in Celsius, V'is the velocity in km/h.

2.3. Features of green spaces modeling.
Modeling of the decorative green spaces, both
in wind tunnels and numerically, is a very diffi-
cult task. This is due, primarily, to the com-
plexity of their form.

When conducting experiments in wind tunnels,
trees are modeled simply, or toy models are
used [14].
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In numerical modeling, it is possible to create a
realistic tree model up to the modeling of leaf
geometry, but this approach is incredibly re-
source-demanding and time consuming. It is also
possible to set a tree area in a simplified way - as

a porous body, and when solving the Navier-
Stokes equations, an additional term is added to
the equations of motion that characterizes the
loss of momentum when air passes through the
porous region (eq. 6):

( du ou ou ou ap 0%u 0*u 9%u
p§+ pua+pv@+pw£ = T3 +,u(ax2 L 3572 + 622) + S
X pa_v_l_pu@_l_pva_v_l_pwa_v:_a_p+#(62v+62v+62v)+5 ©
ot 0x dy 0z dy dx2  dy?  9z2 My
ow ow ow ow op ’w  0*w  0*w
kpg+pua+pvw+pWE = _£+”<ax2 + 3y2 + az2) + Sm 2
where ( is the coefficient of dynamic viscosity; d
loss of#momentum through th)énisotropic porgus N a_z = Kj:m Ui + Kioss % IU1U; ©)

region can be formulated based on permeability
and loss coefficients (eq. 7),

Smx = —Ktossﬁu\/uz + v?2 + w?

2
SMy = —K;ossgv\/uz + v% + w? (7)

Smz = —Kwssgw\/uz +v2 +w?

Ko 15 the loss factor associated with inertial
losses (m'l).

The model of porosity allows taking into ac-
count the Darcy Model [15, 16], which is the
continuity equation for flows in porous regions
and is characterized by such a parameter as the
volume porosity 7.

The volume porosity is the ratio of the volume
V' of space in the final volume through which
air can flow, to the entire final volume 7 (eq. 8):

(8)

The Darcy model is summarized as follows
(eq. 9):

V=5V
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where u is the dynamic viscosity, K., is the
permeability.

When modeling a tree in a simple, porous do-
main, the difficulty lies in the selection of an
adequate loss factor and volume porosity, which
will reflect the permeability of the real green
planting.

3. VERIFICATION

OF THE METHODOLOGY

OF NUMERICAL MODELING

OF GREEN SPACES AERODYNAMICS

3.1. Problem statement.

For the numerical simulation of the aerodynam-
ics of green spaces, a group of scientists from
the Institute of Architecture of Japan (ALJ) [17]
proposed a benchmark. A tree with a height of 7
meters in the air flow is considered. At the inlet
of the air domain the velocity profile obeys the
vertical power law (eq. 10). Sensors (monitoring
points) are installed behind the tree, measuring
the instantaneous velocity at each height in in-
crements of 1.5 meters. The tree model and flow
direction are shown in Figure 1, the layout of
the monitoring points is shown in Figure 2.
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H,=9[m]

<u

<ub>5-6[m/si]/
A »
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0> = <uy>(z/Hy)

5.8m

Figure 1. Tree model with indication of characteristic dimensions and wind direction
of the inlet flow.
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Figure 2. Layout of the monitoring points in a given coordinate system with an indication
of the characteristic dimensions.

The tree was modeled as an isotropic porous
region. Loss of momentum that occurs when
passing through a porous body, are formulated
based on permeability and loss coefficients
(eq. 7). The loss coefficient Kj, was taken
equal to 1.75, based on the data obtained [14],
which proved to be the most accurate result in
comparison with the experimental data.

A comparison of numerical and experimental
results (velocities at monitoring points for dif-
ferent values of volume porosity y (0.3-0.9 with
a step of 0.1; 0.99 and 1))was made. Recom-
mendations on the design parameters for model-

ing the permeability of shrubs crowns (as one of
the ways to improve pedestrian comfort) was
formulated.

All aerodynamic simulations were performed
using ANSYS CFX 17.0 software package
[15, 16].

3.2. Simulation Parameters.

The problem was solved in a two-dimensional
formulation. As a turbulence closure model, the
SST (Shear Stress Transport) model was utilized.
The following basic physical characteristics of
the flow for aerodynamic simulations are used:
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p/=1.184 kg/m’
- air density,
n=1.831-10"
- the coefficient of dynamic viscosity,
7! =477 m/s
— the mean velocity at the inlet,
Re=2.1609-10°

— the Reynolds number.

The High Resolution advection scheme and the
implicit First Order Backward Euler scheme
were used. Maximum residuals of 10™ were set
as an criterion for convergence and termination
ofsteady state solution.The maximum number of
iterations was 300.

3.3. Initial and boundary conditions.

The mean flow velocity profile at the inlet
obeys the power lawdepending on the tree
height and turbulence kinetic energy (eq. 10):

o (Hib)o.zz

k(z2) =302
where u, is velocity at the characteristic height
Hy, k(z) 1s the turbulence kinetic energy.

(10)

Velocity

- 7.22

At the outlet and at the upper boundary of the
domain, opening boundary conditions with a rel-
ative pressure equal to zero and the same turbu-
lence parameters as at the inlet are assigned. On
the «ground», «No Slip Wall» (U=F=W=0 m/s)
boundarycondition is specified, which excludes
penetration of the fluidthrough the surface.

On the surface of the tree crown interface «Flu-
id-Porous Domainy) is set to ensure the penetra-
tion of air through the porous body (domain).

As initial conditions, zero velocities

(U=V=W=0 m/s)

and zero relative pressures areset in the entire
domain.

3.4. Simulation results.

Figure 3 and Table 2 demonstrate the main re-
sults of the performed computational studies
and the comparison of the numerical results
with the experiment data.

In the Table 2 the relative errors for real veloci-
ty at the monitoring points in comparison with
the experiment are presented.

The numerical simulation of hedge aerodynam-
ics showed that the closest to experimental data
result was obtained for the values of volume po-
rosity from 0.9 to 1.The maximum discrepancy
from the experiment is 29%, and the minimum
one 1s 0.15%.

- 5.44 =

Figure 3. Velocity stream lines, m/s. Volume porosity y — 1, loss coefficient Kipss = 1.75.
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Table 2. Comparison of numerical (u) and experimental (u*a\p) velocity simulations
at the monitoring points for each considered volume porosity value.

¥ v=0.3 =04 =0.5 v=0.6 =0.7 =08 =09 v=0.99 =1
]
T
E | beel | €% | u €9% | u €% | u €% | u €% | u €% | u €9% | u €% | wu €%
~
1 205 | 220 | 733 | 324 | 58.11 | 299 | 4599 | 2.77 | 35.03 | 2.62 | 28.15 | 2.55 | 2430 | 250 | 21.86 | 247 | 2049 | 247 | 2036
10 213 | 260 | 2198 | 251 | 1745 | 248 | 1629 | 248 | 1598 | 248 | 1600 | 248 | 16.11 | 248 | 1628 | 248 | 1644 | 249 | 1645
11 214 | 239 | 1132 | 241 | 1235 | 243 | 13.19 | 244 | 1397 | 246 | 1461 | 2.47 | 15.09 | 247 | 1547 | 248 | 1573 | 248 | 1575
12 | 242 [ 275 | 1348 | 26 759 | 251 | 362 | 245 | 125 | 241 | 041 | 238 | -1.66 | 236 | -2.63 | 234 | -3.32 | 2.34 | -3.39
13 276 | 252 | -8.88 | 28 1.84 | 2.80 134 | 270 | -238 | 263 | 483 | 260 | -580 | 259 | 633 | 258 | -656 | 2.58 | -6.58
14 2.16 | 252 | 16.68 | 243 | 1258 | 240 | 11.20 | 239 | 1052 | 238 | 1020 | 238 | 10.03 | 238 | 998 | 238 | 996 | 238 | 9.96
15 205 | 227 | 1081 | 232 | 1335 | 234 | 1444 | 236 | 1515 | 237 | 1567 | 2.38 | 16.04 | 2.38 | 1632 | 239 | 1651 | 239 | 16.52
16 2435 2.52 268 | 248 0.88 241 -161 | 237 | -337 | 234 | 470 | 231 -575 | 229 | 657 | 228 | -7.16 | 228 | -7.22
T 283 | 263 | -691 | 2.85 0.91 2.86 114 | 281 | -067 | 277 | -2.13 | 275 | -2.74 | 274 | -3.08 | 273 | -3.27 | 273 | -3.28
8 239 | 250 | 467 | 2.4 053 | 237 | 089 | 235 | -1.79 | 233 | -239 | 232 | -281 | 231 | -3.10 | 231 | -330 | 231 | -3.32
9 238 1223 | 648 | 228 | 428 | 230 | -3.26 | 231 | -2.79 | 232 | -255 | 232 | -244 | 232 | -238 | 232 | -236 | 232 | -236
2 290 | 272 | -6.13 | 262 | -9.83 | 261 [ -10.03 | 262 | -9.70 | 263 | 931 | 2.64 | -8.96 | 2.65 | -865 | 2.66 | -840 | 2.66 | -8.38
20 279 | 244 | -1261 | 241 | -13.49 | 237 | -15.12 | 2.33 16.53 | 230 | -17.69 | 2.27 | -18.64 | 2.25 | -19.41 | 2.23 | -19.98 | 2.23 | -20.03
21 2.65 | 2.69 133 | 2.88 864 | 290 | 936 | 2.86 791 | 283 6.67 | 2.82 6.17 | 281 587 | 280 | 567 | 280 | 5.66
22 | 247 [ 249 | 099 | 238 | -343 | 234 | -5.10 | 231 | -632 | 229 | -724 | 2.27 | -7.94 | 2.26 | -B47 | 225 | -884 | 2.25 | -8.88
23 2.61 2.20 | -1543 | 225 | -1347 | 2.27 | -12.70 | 2.28 1253 | 228 | -12.57 | 227 | -12.69 | 2.27 | -12.83 | 2.27 | -12.95 | 2.27 | -12.96
24 308 | 239 | -2240 | 238 | -22.92 | 233 | -2434 | 229 | -25.68 | 2.26 | -26.84 | 2.23 | -27.80 | 2.20 | -28.57 | 2.19 | -29.14 | 2.18 | -29.19
25 250 | 271 | 824 | 289 | 1556 | 292 | 1642 | 289 | 1523 | 2.86 | 1426 | 2.85 | 1384 | 2.84 | 1355 | 2.84 | 1334 | 2.84 | 13.32
26 245 | 250 | 200 | 237 | -3.18 | 232 | -522 | 228 | -6.84 | 225 | -8.11 | 223 | -9.10 | 221 | -9.86 | 2.1 | -10.39 | 2.19 | -1045
27 262 | 219 | -16.72 | 224 | -14.76 | 225 | -1424 ]| 225 | -1437 | 2.24 | -1467 | 223 | -1501 | 222 | -1531 | 2.22 | -15.55 | 2.22 | -15.57

4. APPROBATION OF THE NUMERICAL
METHODOLOGY OF ESTIMATION
AND IMPROVEMENT OF PEDESTRIAN
COMFORT

4.1. Problem statement.

The application of the developed numerical
methodology of pedestrian comfort estimation-
was performed on a realresidential building sur-
rounded by existing urban area (Figure 4). As it
will be shown below, for the considered group
of buildings, it was necessary to improve pedes-
trian comfort using the above-described meth-
odologyby incorporation of thegreen spaces to
particular locationswhere pedestrian comfort
criteria were not satisfied.

For the correct shrubs arrangement near the
considered buildings, the results of criterion as-
sessments of pedestrian comfortobtained for the
model  without green spaces were
used.Decisions on the location of green space
were made based on an analysis of the most un-
favorable wind attack angles, a planning scheme
for the land plot near the designed building, as
well as currently existing planted shrubs (Figure
5).

30

Fz‘gy_‘f;‘ 4. General view of the building.
Project proposal (photo montage).

Figure 5. Construction site (maps.yandex.ru)
of the projected residential building
(South-West Administrative District, Moscow).
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4.2. Geometric model of the building sur-
rounded with nearby buildings with bushes
consideration.

The radius of the nearby building area was tak-
en equal to 600 m.The actual location of the
buildings relative to the target object, their
height and cross section in the plan, as well as
the local terrain relief (elevation differences
near the target object) were consideredfor the
geometric model including surrounding buildings.
Geometric model of the main building sur-
rounded with nearby buildingswas created in
ANSYS Mechanical 17.0 [18]. The first-
floorlevel was taken as a zero level. The created
model of the building, taking into account the
development for a certain perspective, is shown
in Figure 6-7.

Figure 6. Geometric model of the building
surrounded with nearby buildings.

|
Figure 7. Geometric model of the building
surrounded with nearby buildings with bushes
consideration.

4.3. Boundary and initial conditions.

The simulated area (Figure 8) is assigned the
Air domain with the following physical parame-
ters: incompressible air at a temperature (25°C)
and pressure 1 atm.

The boundary conditions at the inlet correspond
to the Ist wind region, and the type of terrain B

Volume 15, Issue 2, 2019

«suburb» in accordance with building codes
[7, 19]. The mean pressure and pulsation pro-
files were converted to theinput data for the
ANSYS CFX wusing the developed macro
CFX PROFIL SNIP as a vertical profiles
(along the height)of mean velocity, turbulence
kinetic energy and dissipation energy, corre-
sponding to the loads, taking into account the
load reliability factor of 1.4. The integral turbu-
lence length scale is assumed to be 300 m in ac-
cordance with the recommendations of Euro-
code [20].

At the outlet and at the upper boundary of the
domain, opening boundary conditions with a
relative pressure equal to zero and the same tur-
bulence parameters as at the inlet are assigned.
On the «ground» and on all buildings, «No Slip
Wall»

(U=V=W=0 m/s)

boundary condition is specified, which excludes
penetration of the fluid through the surface.

On the surface of the tree crown interface «Flu-
id-Porous Domainy is set to ensure the penetra-
tion of air through the porous body (domain).

As initial conditions, zero velocities (U/=V=W=0
m/s) and zero relative pressures are set in the
entire domain.

Outlet

Figure 8. Simulated area (ANSYS CFX) with
designated boundary conditions.
Wind angle of attack 0°.

4.5. Simulation Parameters.

All aerodynamic calculations were carried out
in a three-dimensional steady-stateformulation
using the RANS SST turbulence model.
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The internal parameters for the shrubs are fol-
lowing: the surface porosity is isotropic; the
volume porosity is 1. An isotropic model with a
loss coefficient of 1.75 m ' was set as the loss
model.

Maximum residuals of 10 were set as a criteri-
on for convergence and termination ofsteady
state solution. The maximum number of itera-
tions was 500.

4.6. Results of steady state aerodynamic sim-
ulations.

Pedestrian comfort levels (repeatability of
meanvelocity, hr/year) according to the 3rd reg-
ulatory criteria (K., Koo, K.3) were calculated
using the data from weather stations named after
Michelson [6, 14].

It was necessary to get a set of results for differ-
ent wind angles of attack was in order to calcu-
late the pedestrian comfort level criteria. The
comparisonof the simulation results for 24, 12
and 6 wind directionsevenly distributed in a cir-
cle was conductedin order to determine the min-
imum required number of windangles of attack.

The convergence study resultsfor thepedestrian
comfort level criteria depending on the number
of wind directions considered, and the determi-
nation of the optimal number of simulationcases
excluding bushes are presented below (Table 3).
As it can be seen from the results, the difference
is insignificant with the number of 12 and 24
wind angles of attack. This allows usto consider
only 12 wind attack angles to perform accurate
estimation of the pedestrian comfort level.

Table 3. The results of criterion assessments for different number of wind angles of attack.

Ist level of pedestrian comfort, | 2nd

N exceeding Ver/=6 m/s, not

of more than Ker/=1000 hours

1 per year in the pedestrian zone | hours

aNLICS | 2t a height of 1.5 m

24

12

6

level
comfort, exceeding Ver2=12
m/s, not more than Kcr2=50

per

pedestrian zone at a height of

of pedestrian [ 3st level of pedestrian
comfort, exceeding Ver3=20
m/s, not more than Kecr3=5
hours per vyear in the
pedestrian zone at a height of

year in the
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A comparison of the criterion assessment of pe-
destrian comfort based on numerical modeling
of the building surrounded with nearby build-
ings without bushes consideration and numeri-
cal modeling of the building surrounded with
nearby buildings and bushes consideration is
presented below (Figure 9-11). Results compar-
ison show the significant decrease in the
occurrence frequency of winds exceeding 6 m/s
for the first criterion, 12 m/s for the second
criterion and 20 m/s for the third criterion for
the case where bushes were incorporated in to
the model.

The results allow us to conclude that bush-
esplaced near the building help to improve pe-
destrian comfort.

Pictures of wind speeds amplification at the lev-
el of the pedestrian zone of 1.5 m for some wind
directions with and without bushes are shown in
Figure 12-14. Comparison of the meanvelocity
amplification at 1.5 m shows significant im-
provements in pedestrian zones where highve-
locities were observedfor the study cases with-
out bushes.

Figure 9. st level of pedestrian comfort V,..;=6 m/s
exceeding no more K..;=1000 hours per year in the pedestrian zone at a height of 1.5 m
(on the left - without bushes, on the right - with bushes).

Figure 10. 2nd level of pedestrian comfort Ve,,=12 m/s
exceeding no more K.,,=50 hours per year in the pedestrian zone at a height of 1.5 m
(on the left - without bushes, on the right - with bushes).
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Figure 11. 3st level of pedestrian comfort V.,3=20 m/s
exceeding no more K.,3=5 hours per year in the pedestrian zone at a height of 1.5 m
(on the left - without bushes, on the right - with bushes).

Figure 12. The meanvelocity amplifications in the pedestrian zone at a height of 1.5 m.
The wind angle of attack is 0° (on the left - without bushes, on the right - with bushes).

Figure 13. The meanvelocity amplifications in the pedestrian zone at a height of 1.5 m.
The wind angle of attack is 90° (on the left - without bushes, on the right - with bushes).
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f

Figure 14. The mean velocity amplifications in the pedestrian zone at a height of 1.5 m.
The wind angle of attack is 240° (on the left - without bushes, on the right - with bushes).

A

Comparison of the results of numerical model- a temperature of - 20°C for some wind direc-
ing of the buildings aerodynamics taking into tions with and without shrubs is presented be-
account wind chill effect in the winter season at low (Figure 15-18).

Figure 15. Comparison of the results of numerical modeling of the buildings aerodynamics
taking into account wind chill effect in the winter season at a temperature of -20 °C,
wind angle of attack 0° (on the left - without bushes, on the right - with bushes).

Figure 16. Comparison of the results of numerical modeling of the buildings aerodynamics
taking into account wind chill effect n the winter season at a temperature of -20 °C,
wind angle of attack 120° (on the left - without bushes, on the right - with bushes).
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Figure 17. Comparison of the results of numerical modeling of the buildings aerodynamics
taking into account wind chill effect in the winter season at a temperature of -20 °C,
wind angle of attack 240° (on the lefi - without bushes, on the right - with bushes).

Figure 18. Comparison of the results of numerical modeling of the buildings aerodynamics
taking into account wind chill effect in the winter season at a temperature of -20 °C,
wind angle of attack 300° (on the left - without bushes, on the right - with bushes).

The results of numerical modeling of the build-
ings aerodynamics taking into account wind
chill allow us to conclude that the human body
feels the temperature 1.5 times lower than the
actual temperature that equal to — 20 C. Calcula-
tions have shown that the temperature reaches
the mark - 30 ° C. This gives a tangible contri-
bution to a comfortable stay of people in these
areas. The correct location of green spaces in
pedestrian areas has contributed to the narrow-
ing of areas where the minimum (minus) tem-
peratures occur.

5. CONCLUSION

The presented results showed a wide applicabil-
ity of the pedestrian comfort assessment meth-
odology and the possibility of its adjustment by
planting green spaces. The solved model prob-
lem allowed to findthe right parameters of the
tree model. Comparison of the results for differ-
ent numbers of windangles of attack showed
that 12 angles are sufficient for obtaining the
required accuracy.Further development of this
methodology may include a more detailed anal-
ysis of wind flows (especially maximum veloci-
ty amplification) for each individual angle of
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attack,

namely using the results of non-

steadysimulationsobtained using more accurate
(and also resource-demanding) turbulence mod-
els such as DES and LES.The results showed
the practical importance of conducting suchkind
of research, and therefore there is a need to in-
clude amethodology for pedestrian comfort as-
sessment in Russian building codes.
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