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�e calculation of wind load of high-rise buildings depends on the wind pressure distribution data and wind pressure coe�cient
on the outer surface of the building, but the actual wind pressure measurement of high-rise buildings is di�cult to carry out. In
order to obtain the e�ective wind pressure coe�cient of the building and the application of the extended lattice Boltzmann
method (LBM) in the wind resistance of high-rise buildings, in this paper, the wall-adapting local eddy (WALE) model, dynamic
Smagorinsky model (DSM), and Smagorinsky model (SM) are embedded into LBMwith multiple-relaxation-time (MRT) format.
�ree LBM large eddy simulationmodels, MRT-LBM-WALE,MRT-LBM-DSM, andMRT-LBM-SM, which can simulate the �ow
around a blu� body with high Rayleigh number, are constructed by using the subgrid eddy viscosity to modify the kinematic
viscosity of LBM. Finally, the three turbulence models are used to simulate and analyze the three-dimensional steady wind �ow
�eld of a single high-rise building of the standard CAARC high-rise building model in the atmospheric boundary layer, and the
numerical results are analyzed and compared with the wind tunnel test results. �e results show that the numerical simulation
better re�ects the �ow characteristics and surface wind pressure of the wind environment around the high-rise building. On the
windward side, it �ts well with the test results. On the crosswind side and leeward side, the numerical simulation results are
between the NPL and TJ-2 test results.�e windward side is subject to positive pressure, which is the highest at 2/3 of the height of
the windward side and low on both sides and below. �e leeward and crosswind surfaces of the building are all under negative
pressure. �e simulation results of the three turbulence models have little di�erence, which provides a basis for the study of the
�ow around the blu� body of high-rise buildings. It is proved that the numerical solutions of the three models are in good
agreement with the experimental solutions, and the real subgrid eddy viscosity near the wall can be obtained, which can accurately
predict the development of turbulent �ow.

1. Introduction

One of the main purposes of studying the air �ow around
high-rise buildings under the action of wind is to study the
wind pressure distribution law of wind load on the outer
surface of high-rise buildings. At present, there are three
traditional research methods: �eld measurement, wind
tunnel test [1, 2], and numerical simulationmethod based on
computational �uid dynamics (CFD) [3, 4]. However, the
actual wind pressure measurement of high-rise buildings is
di�cult to carry out. �e wind tunnel test is only suitable for

speci�c structures, and there are some problems, such as
high cost and long test cycle. �e numerical simulation
method not only has the ability to simulate real and ideal
conditions, but also has the advantages of less cost and short
time. It can completely measure the required wind pressure
and wind speed in real time and realize the visualization of
calculation results. �erefore, the numerical simulation
method based on computational �uid dynamics has grad-
ually become an important method to predict the surface
wind pressure, surrounding wind speed, and turbulence
characteristics of buildings.

Hindawi
Shock and Vibration
Volume 2022, Article ID 1907356, 11 pages
https://doi.org/10.1155/2022/1907356

mailto:fengzehua@stu.xju.edu.cn
https://orcid.org/0000-0002-3348-0923
https://orcid.org/0000-0002-1186-4520
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1907356


At present, Reynolds-averaged Navier–Stokes (RANS)
[5] and large eddy simulation (LES) [6] are often used as
CFD numerical methods for wind pressure distribution on
the outer surface of buildings. )erefore, the accuracy of its
simulation has become the focus of scholars at home and
abroad. In order to fully illustrate the accuracy of the model,
scholars often compare the wind tunnel test results of the
standard model of high-rise buildings with the CFD nu-
merical results. In foreign countries, for example, Huang
et al. [7] used the large eddy simulation method, Reynolds
time average method, and wind tunnel test to compare the
results of surface wind pressure and overall wind force on
the windward surface of the CAARC model. )e results
show that the simulation results of the LES method in
building overall resistance and crosswind fluctuating lift are
better than the RANS method. )e numerical results of
average wind pressure calculated by Braun and Awruch [8]
using the LES method fit well with the results obtained by
different wind tunnel test institutions. )e results show that
the wind speed profile affects the average wind pressure on
the building surface. Daniels et al. [9]. pointed out that the
numerical results of fluctuating wind pressure on building
crosswind simulated by the LES method are quite different
from the experimental results; the RANS method fails to
capture the separation bubble at the corner of the building,
which will lead to the wind suction at the side edge. Elshaer
et al. [10] studied the average wind pressure at the windward
height of 2/3 of the CAARC model and showed that the
stagnation point height of LES was greater than the test
results because the LES method captured some low-fre-
quency pulsating components missing in the test incoming
flow due to the limitation of laboratory cross section. In
China, Nie et al. [11] used the RANS method to simulate the
surface wind pressure at the height of 2/3 of the windward
surface, crosswind surface, and leeward surface of the
CAARC standard model. )e results show that the nu-
merical results of the wind pressure on the windward surface
simulated by the RANS method are less different from the
test results, but the wind pressure on the crosswind surface is
more different from the test results. )is is because the
RANS method can only give the average motion results of
the complex motion with high Rayleigh number and cannot
reflect the details of the flow field disorder, while the side
flow is in the separation zone. )erefore, there are some
differences between the experimental results and the nu-
merical results. In conclusion, the LES method is more
accurate than the RANS method in simulating the surface
wind pressure of the CAARC model.

In recent years, a new CFD method has been applied
in many fields because it can explicitly solve the pressure
equation, is easy to parallel, and has the advantages of
high precision [12–16]. )e air turbulence of the CAARC
standard model is a typical high Rayleigh number flow. If
only theoretically, LBM can directly simulate turbulence,
but due to the limitation of current calculation condi-
tions, it is easy to lead to instability. In order to calculate
turbulence, it is usually necessary to embed the turbu-
lence model of the RANS method or the subgrid eddy
viscosity model of the LES method into LBM. Yu et al. [17]

took the grid scale of LBM as the filtering scale and
embedded the Smagorinsky subgrid eddy viscosity model
into LBM. )e result is simple and has high accuracy [18].
However, for the simulation of near wall flow, the
Smagorinsky model has some defects. In fact, due to the
proximity to the wall, the velocity decreases, the near wall
flow gradually turns into laminar flow, and the subgrid
eddy viscosity on the wall should be equal to zero. )e
subgrid eddy viscosity obtained by the Smagorinsky eddy
viscosity model is not zero, which is inconsistent with the
reality. )e dynamic Smagorinsky model proposed by
Lilly [19] and Germano et al. [20] improves the Sma-
gorinsky model. )is model can give the correct as-
ymptotic relationship on the solid wall, but if the model
coefficient becomes negative, there will be numerical
instability sometimes. )eWALE viscosity model [21–24]
can obtain the ideal subgrid eddy viscosity distribution
without applying the wall function or adjusting the model
constant near the wall, which can well predict the flow
near the wall. )erefore, in this paper, the subgrid eddy
viscosity model, wall-adapting local eddy (WALE) model,
dynamic Smagorinsky model, and Smagorinsky model are
embedded into the LBM with multiple-relaxation-time
format. )ree LBM large eddy simulation models, mrt-
lbm-wale, mrt-lbm-dsm, and mrt-lbm-sm, which can
simulate the flow around a bluff body with high Rayleigh
number, are constructed by using the subgrid eddy vis-
cosity to modify the kinematic viscosity of LBM. Finally,
the three turbulence models are used to simulate and
analyze the three-dimensional steady wind flow field of a
single high-rise building with the atmospheric boundary
layer CAARC standard model, and the numerical results
are compared with the wind tunnel test results.

2. MRT-LBM Large Eddy Simulation

2.1. MRT-LBM Evolution Equation. )e classic D3Q19
model is shown in Figure 1.

)e discrete speed is

ei �

0 1 −1 0 0 0 0 1 −1 1 −1 1 −1 −1 1 0 0 0 0

0 0 0 1 −1 0 0 1 −1 −1 1 0 0 0 0 1 −1 1 −1
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(1)

where C� 1, and the evolution equation of multiple relax-
ation LBM is [25–27]

f x + eiδt, t + δt(  � f(x, t) − M
−1

m − m
eq

 , (2)

where x is the spatial position; ei is the molecular discrete
velocity vector; t is the time; f represents the distribution
function on the lattice node; m is the moment, meq repre-
sents the moment equilibrium state; M represents an or-
thogonal transformation matrix, and

m � Mf, f � M
−1

m. (3)

Macroparameters ρ (density), p (pressure), and velocity
u� (ux, uy) can be obtained by solving the moment of
distribution function F. Here ρ� ρ0 + δρ, among ρ0 �1,
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δρ�Σfi, ρu�Σfiei, and p� δρcs2, Cs represents the
speed of sound, and Cs � 1/

�
3

√
, M �
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0 0 0 −2 −2 2 2 1 1 −1 −1 0 0 1 1 −1 −1 0 0
0 0 0 0 0 0 0 1 1 0 0 0 0 −1 −1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 −1 −1
0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 −1 −1 0 0
0 0 0 0 0 0 0 1 −1 −1 1 0 0 1 −1 −1 1 0 0
0 0 0 0 0 0 0 −1 1 0 0 1 −1 1 −1 0 0 1 −1
0 0 0 0 0 0 0 0 0 1 −1 −1 1 0 0 −1 1 1 −1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

In the classical D3Q19 model, the elements in the
moment are

m � ρeεjxqxjyqyjzqz3pxx3πxxpwwpxypyzpzxtxtytz 
T
, (4)

where jx � ρux, jy � ρuy, and jz � ρuz.

)e equilibrium state is

m
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ρ
, 0, 0, 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
,

(5)

where u2 � u2
x-u2

y, and the distribution function expression
of equilibrium state is

f
eq
i � wi δρ + ρ0

eiu

c
2
s

+
eiu( 

2

2c
4
s

−
uu

2c
2
s

  . (6)

)e weighting coefficient wi is taken as the value:

w0 �
1
3
,

wi �
1
18

(i � 1, 2, 3, 4, 5, 6),

wi �
1
36

(i � 7, 8, 9, 10, . . . .., 18).

(7)

Relaxation matrix S is as follows:

S � diag 0SeSε0Sq0Sq0SqSvSπSvSπSvSvSvStStSt . (8)

In the multiple relaxation model, the shear and volume
viscosities are

v �
1
3

1
SV

−
1
2

 δt,

ε �
2
9

1
Se

−
1
2

 δt.

(9)

In: relaxation parameters SV is shear viscosity, Se is
volume viscosity, and Sq and Sε represents free parameters.

2.2. Realization Method of MRT-LBM-LES Large Eddy
Simulation. In LES, the subgrid vortices are viscous:

vt � CsΔ( 
2
w, (10)

where w is the LES operator and Cs as the LES model
constant. In this paper, the constant value of wale model Cs

is 0.2 because the constant value of the wale model is usually
0.2.)e Smagorinsky constant value is usually in the curve of
0.1-0.2. In this paper, Cs of SM and DSM is taken as 0.12. Δ is
a filter function.

In the Smagorinsky model, w �
�����
2SijSij


, Sij � 1/2

(zvi/zxj + zvj/zxi), the dynamic Smagorinsky model is a
modification of the Smagorinsky model, where Cs is dy-
namically calculated according to the decomposed motion
scale information. )erefore, it may change in time and
space, and the solution method refers to [14]. )e WALE
model is affected by the effects of both the rotation rate
tensor and the strain rate tensor on Vt, [21]

w �
G

d
ijG

d
ij 

3/2

SijSij 
5/2

+ G
d
ijG

d
ij 

5/4,

Ωij �
1
2

zvi

zxj

−
zvj

zxi

 ,

G
d
ij � SikSkj +ΩikΩkj −

1
3
δij SijSij −ΩijΩij ,

(11)

where it is required to solve the subgrid eddy viscosity of
wale viscosity model and only need to solve Ωij and Sij. Ωαβ
)e Cartesian node of LBM can be used as the difference
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Figure 1: D3Q19 model of 19 velocities in 3-D.
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node, and then calculated by the finite difference method, Sij

can use the nonequilibrium moment f
eq

k solution:

Sij � 
18

k

ckickjf
eq

k , f
eq

k � M
−1

Mf − m
eq

( . (12)

Consider vt after t, and the total Vall of MRT-LBM is
taken

Vall � v0 + vt, (13)

whereVall is the total effective kinematic viscosity coefficient,
v0 is the kinematic viscosity coefficient, equal to UL/Re; U
fetch flow velocity; L is the characteristic length; and Re is the
Rayleigh number.

In the evolution equation of MRT-LBM, MRT-LBM
large eddy simulation is realized by updating the relaxation
coefficient of the relaxation matrix by using the effective
motion viscosity coefficient. In addition, the subgrid scale
model adopts WALE, DSM, and SM eddy viscosity models,
so the model can be called MRT-LBM-WALE and MRT-
LBM-DSM.

3. Numerical Study

3.1.GeometricModeling andMeshing. )eCAARC standard
model is a standard high-rise buildingmodel proposed at the
Federal Aviation Advisory Committee in 1969, which is used
to test the wind tunnel test results of various high-rise
building models simulating natural wind. In recent years,
domestic and foreign scholars have also checked the CFD
simulation results based on this model [10, 11]. )e geo-
metric dimension of the CAARC standard die is 30.48
(Dx)× 45.72 (Dy)× 182.88 (H) m3, and 20 pressure mea-
suring points are evenly arranged on the 2/3H height
horizontal plane of the model. See Figure 2 for the geometric
dimensions of the model, the arrangement of surface
pressure measuring points, and the inflow direction.

In this paper, the CAARC standard model is analyzed by
full-scale modeling, and the calculated watershed is
1800m× 600m× 1000m, the buildings are placed 1/3 for-
ward along the river basin, and the blocking rate of the river
basin meets the requirements of less than 3%.)e geometric
dimensions of the model and the layout of pressure mea-
suring points are shown in Figure 2. )e discretization of its
spatial domain adopts adaptive grid division, that is, 0.5m
grid is used near the CAARC wall, 8m grid is used far away
from the wall, and the grids in the transition area of the two
grids are 4m, 2m, and 1m, respectively. )e grid division of
the computing domain is shown in Figure 3.

3.2. Setting of Boundary Conditions. )e inflow conditions
used in the numerical simulation are the same as those used
in the wind tunnel test. )e velocity inflow boundary
condition simulates the exponential distribution of the wind
speed profile in the atmospheric boundary layer, that is,

U � U0
Z

Z0
 

α

, (14)

where Z0 and U0 are the wind speed at the reference height
(top of the model) and the reference height, respectively.
According to the wind tunnel test [11], the wind speed at the
reference height (182.88m) and the reference height of the
building are taken, respectively, (the test wind speeds of class
B and class D wind fields are 11.7m/s and 12.7m/s, re-
spectively); Z, U is the height of a point in the basin and the
average wind speed at that point; α is the ground roughness
index. For class B and class D wind fields, 0.16 and 0.3 are
taken, respectively [28].

Because the outflow is basically completely developed,
the velocity outflow boundary condition adopts the fully
developed outflow boundary condition (outflow) [29], and
the gradient of any physical quantity of the flow field along
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Figure 2: Geometric dimensions of CAARC standard mould and
layout of pressure measuring points.

Figure 3: Grid division of the computing domain.
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the outlet normal direction is zero, that is, zϕ/zn＝0. Both
sides and top sides of the basin adopt periodic boundary
conditions, PBC, [30] and building surface and ground
adopt (wall) [31] boundary conditions without sliding.

4. Calculation Results and Analysis

4.1. Distribution of Wind Pressure Coe�cient at 2/3H Height.
Using the large eddy simulation (LES) method of the LBM
mentioned above, namely, MRT-LBM-WALE, MRT-LBM-
DSM, and MRT-LBM-SM, three turbulence models are
constructed to numerically simulate the wind �eld of
CAARC standard model building, and the wind pressure

coe�cients under two working conditions of 0° and 45° wind
angle of class B and class D sites are calculated, respectively
[32, 33].

In the CAARC standard model wind tunnel test, the
dimensionless wind pressure coe�cient Cp takes the �ow
pressure at the top height H of the scale model as the ref-
erence wind pressure; that is, the pressure coe�cient is
calculated by the following formula [34–44]:

CP �
2 P − P0( )

ρU2
0

, (15)

where P is the average pressure of standard pressure mea-
suring points, and the measuring points are shown in
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Figure 4: Average wind pressure coe�cient at 0° wind direction angle. (a) Class D wind farm. (b) Class B wind farm.
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Figure 5: Average wind pressure coe�cient at 45° wind direction angle. (a) Class D wind farm. (b) Class B wind farm.
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Figure 2; P0 is the static pressure at the top height H; ρ is the
air density, with the value of 1.225 kg/m3; and U0 is the wind
speed at the top height H.

In this paper, the numerical calculation results of the
pressure coefficient at the height of 2/3H(122m) are com-
pared with the test results of the NPL, National Physical

wale sm dsm

(a)

flow

wale sm dsm

(b)

wale sm dsm

(c)

dsmflow

flowflow wale sm

(d)

Figure 6: Calculation results of average wind pressure coefficient on the surface of class D wind field at 0° wind direction angle.
(a) Windward side. (b) Crosswind surface. (c) Leeward side. (d) Top surface.
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Laboratory, and the TJ-2 wind tunnel test results of Tongji
University [22] at the standard pressuremeasuring point.)e
numerical calculation results are shown in Figures 4 and 5.

It can be seen from Figures 4 and 5 that for the simu-
lation study of the CAARC standard model, the numerical
results of the three turbulence models are consistent with the
test results, and the overall trend of the numerical results is
in good agreement with the test results, which is closer to the
test results of the TJ-2 wind tunnel of Tongji University.
Among them, for the windward side, the numerical results of
the three turbulence models are close or slightly lower than
the experimental values, which are in good agreement.
Under the wind direction angle of 0°, there is only one
windward surface. Under the wind field of class D, the
numerical results of theWALEmodel at the maximumwind
pressure are 2.28% lower than those of TJ-2 test, and the
results of SM and DSM are 0.24% higher than those of TJ-2,

respectively. Under class B wind field, the results of the
WALE model at the maximum wind pressure are 5.38%
lower than TJ-2, SM is 2.65% lower than TJ-2, and DSM is
6.77% lower than TJ-2. )ere are two windward surfaces at
45° wind direction angle. )e numerical results of the three
turbulence models are in good agreement with the test
results of NPL and TJ-2, the test results of TJ-2 are more
consistent with the long windward surface of the building,
and the test results of NPL are more consistent with the short
windward surface of the building.

)e results of the three turbulence models are different
from the experimental results for the positions belonging to
the gas separation zone, such as the side and leeward surface.
Under the wind direction angle of 0°, under the wind fields of
D and B, the numerical results of the three turbulence
models on the side are closer to the TJ-2 test results and
between the two test results on the leeward side. )e change

Partial magnification

(a)

Partial magnification

(b)

Figure 7: Velocity distribution at 2/3H height of the wale model of class D wind field. (a) 0° wind angle. (b) 45° wind angle.
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law of the test results on the leeward side is more stable,
while the change law of the numerical results of the three
turbulence models on the leeward side is more intense. )e
reason is that the LES method can catch some low-frequency
pulsating components missing in the test incoming flow due
to the limitation of laboratory cross section, so the test
results are different from the numerical results. Comparing
the simulation results of turbulence models on the side and
leeward side under class B wind field with the TJ-2 test
results, the maximum error of the WALE model is 21.7%,
SM is 28.1%, and DSM is 24.4%.

Combined with the numerical results of the average
wind pressure coefficient on the leeward side under the wind
direction angle of 45°, the simulation results of each tur-
bulence model are between TJ-2 and NPL test results under
class D wind field. Comparing the simulation results of
various turbulence models on the leeward side under class B
wind field with the TJ-2 test results, the maximum error of
the WALE model is 19.7%, the maximum error of SM is
17.6%, and the maximum error of DSM is 16.1%.

On the whole, there is little difference among the sim-
ulation results of the three turbulencemodels.)e windward
side is under positive pressure, and all bear negative pressure
on the crosswind side and leeward side. )e numerical
simulation results are between the NPL and TJ-2 test results.
)e WALE model has the highest accuracy, and the overall
trend is the closest to the test results; DSM has less error and
more stable value than SM. )e errors of the three turbu-
lence models are less than 30%, which meets the require-
ments of engineering application.

4.2. Isoline of Wind Pressure Coefficient. )e wind pressure
coefficient contours CP of the windward, side, leeward, and
top surfaces of the three turbulence calculation models are
shown in Figure 6. Taking the numerical simulation results
under class D wind field with 0° wind direction angle as an
example, the differences between the three turbulence
models are compared.

Under the action of frontal incoming wind, the wind-
ward side is under positive pressure, and the other sides are
under negative pressure. )e positive pressure borne by the
CAARC standard mould is the largest in the middle of the
windward surface and decreases to both sides and down-
ward, and the bottom is the smallest. )is is because the
wind speed in the wind field increases exponentially with the
height, so the wind pressure coefficient of the upper part of
the building is larger than that of the lower part. )e leeward
side of the building bears negative pressure (suction), and
the suction presents the law of large in the upper part, small
in the lower part, slightly large on both sides, and small in the
middle. )e air flow on the side and top of the building is in
the separation zone, and the test results of each turbulence
calculation model domain are different, but they all meet the
test requirements. In general, the three turbulence models
are closer to the NPL test results.

When the incoming flow is at 0° and 45° wind direction
angles, the velocity distribution of 2/3H height horizontal
plane after the air flow is blocked and is shown in
Figures 7(a) and 7(b), respectively. In both cases, two large
vortices were generated on the leeward side. )is causes
suction. Figure 8 shows the vector diagram of wind speed
passing through the center line of the building. Take the
calculation results of the wale model of class D wind field as
an example.

When the fluid flows through the flow surface of the
building, the boundary layer separation occurs. In the
positive pressure zone, the inertial force and pressure dif-
ference of the fluid overcome the viscous force of the fluid
and make the fluid flow smoothly downstream along the
solid wall. In the negative pressure area, the inertial force of
the fluid should not only overcome the viscous force, but
also overcome the reverse pressure generated by the strong
negative pressure. Under certain conditions, the fluid par-
ticles near the solid wall will stagnate or even move up-
stream; that is, eddy current will be formed. )e boundary
layer separation will form a separation zone and wake at the
rear of the building.

Partial magnification

Figure 8: Velocity distribution of the wale model of class D wind farm passing through the center line of building.

8 Shock and Vibration



As can be seen from Figure 8, at about 2/3 of the height,
the air flow has a frontal stagnation point, and the velocity
direction of this point is perpendicular to the positive
windward surface. Above this point, the flow rises and
crosses the top surface of the building. Below this point, the
air flows downward and flows to the ground, and the air on
the windward side rolls downward. )erefore, a horizontal
rolling is formed on the windward side of the building close
to the ground, forming a standing vortex area. )e distri-
bution of wind pressure coefficient is shown in Figure 6(a).
On the leeward side, a large vortex and some small vortices
are formed along the height direction of the building. )e
distribution of wind pressure coefficient is shown in
Figure 6(c). A certain vortex is also generated at the corner of
the building roof, which causes suction. Generally speaking,
the air flow has a downward trend towards the windward
side and flows around both sides and the top surface. At the
same time, it can be seen from the velocity diagram that the
flow structure around the square column is highly complex,
full of collision, separation, vortex, surround, and reflux.)e
vortex is rolled down around the velocity line above the
square column, and the velocity line at the bottom is rolled
up. )e vortices are intertwined and flow downward.
)erefore, the downstream flow field of the square column is
highly vortex and disorder, which is one of the reasons for
the low accuracy of numerical simulation in the separation
zone of the square column.

5. Conclusions

)ree turbulence models are constructed based on three
large eddy simulation (LES) methods, namely, MRT-LBM-
WALE, MRT-LBM-DSM, and MRT-LBM-SM.)e CAARC
standard high-rise buildings are numerically simulated,
respectively, and the numerical results are compared with
the test results of TJ-2 of Tongji University and NPL Na-
tional Physical Laboratory.)e following conclusions can be
drawn:

(1) )e flow around a bluff body in the atmospheric
boundary layer is very complex. It is full of phe-
nomena such as collision, separation, vortex, en-
circlement, and backflow. )e stress characteristics
of the building wall can only be measured by a test,
while the numerical simulation can better reflect the
flow characteristics of the wind environment around
the high-rise building and the distribution of surface
wind pressure.

(2) On the windward side, the wind pressure coefficient
of the numerical simulation results is in good
agreement with the experimental results, and there is
positive pressure on the windward side. It is the
largest in the middle of the windward side and
minimum on both sides and below. )e leeward side
of the building bears negative pressure (suction).
Generally, the negative pressure on both sides is
slightly larger, the middle is small, and the negative
pressure distribution on the whole back is relatively
uniform. )e side of the building bears suction, and

the test value is greater than the calculated value. )e
results of the three turbulence models are different
from the experimental results, but the maximum
error is also within 30%. )is indicates that the
numerical simulation based on the MRT-LBM-LES
model can meet the accuracy of engineering
application.

(3) )e numerical simulation based on the MRT-LBM-
LESmodel can better simulate the smaller turbulence
scale and more truly restore the turbulence char-
acteristics around the building in practice.
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