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Effect of the porosity the upstream building on the natural
ventilation of the downstream building and the reliability of its
computational fluid dynamics simulation
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Abstract: Natural ventilation can reduce the concentration of indoor pollutants, including that of biological
aerosols. It does this mainly by cross ventilation. However, in closely built-up cities, the shielding effect
between buildings will significantly reduce the ventilation effect. Previous studies rarely considered the
effects of a building’s characteristics on other buildings. This preliminary study takes two buildings and
investigates the influence of the position and size of nine different windows on their cross ventilation
potential. It focuses on only one direction of incoming flow where the distance between the two buildings is
two times the width of the building, first, analyzing the reliability of the computational fluid dynamics
(CFD) simulation based on steady Reynolds-Averaged Navier-Stokes equations. The results reveal that the
reliability of the computational fluid dynamics simulation in some cases is insufficient and that with a
simulation of 20% porosity it is difficult to reproduce the wind pressure on a downstream building by
computational fluid dynamics in comparison to 10% or 5% porosity. The different simulation reliability
may be caused by the instability of the airflow between the buildings. However, using data from the wind
tunnel, we found that the cross ventilation potential of the downstream building decreases with the increase
of the window area of the upstream building., which is contrary to general beliefs.
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1 Introduction

The architectural wind environment mainly

explores the air movement between buildings and

[1]

inside and outside"”, and normally uses on-site

measurement, wind tunnel experiments, and

computational fluid dynamics (CFD). On-site

measurement is generally adopted during the

preliminary stage of studies in compact urban

[2-3] [4]

environments , and cross

ventilation™”*,

, indoor air quality

Compared with on-site
measurement, wind tunnel experiments can provide
relatively stable results, and researchers prefer this
approach to explore interference effects between
building®*', by

to wind-

two  buildings'™, on tall

backpropagation neural networks-",

coupled motion"'",  for

[12]
’

induced interference

excitation mechanisms to air in wakes of

buildings'*', to inside and outside air"'”, by

<[15]

buildings''™,  when  considering

[16]

surrounding

opening characteristics on a facade"™ , by turbulent

[17]

incoming air'"', and to velocity field and pollution

dispersion"'®,

In recent years, CFD has rapidly developed,

and is now widely used by researchers to

investigate the airflow factors inside and outside

buildings, such as in the evaluation of green
[19]
b

2021 naturally

[26]

buildings roof  geometry"

ventilated roofs?*®!, and internal obstacles
Further, the CFD setting has been considered in
various models such as large eddy simulation

(LES)
(RANS) equations of the standard k€ model, the

and Reynolds-Averaged Navier-Stokes

NERE:2096-6717(2021)01-0229-14

re-normalisation group (RNG) ke model, the
realizable ke model, the shear stress transport
(SST) kw model, and the turbulent Reynolds
stress model (RSM). These studies showed that
the LES model simulation results agreed reasonably
well with the experimental data by van Hooff et
al. ¥ and Jiang and Chen"*®!. The SST k-w model
displayed the best performance among 3D steady
RANS models-**". Ramponi and Blocken"*! found
that diffusion is an important transport mechanism
that requires selecting the correct amount of
physical diffusion to reduce the numerical diffusion
in the cross-ventilation of buildings, and suggested
using high-resolution grids and at least second-
order accurate discretization schemes. lLakehal and
Rodi“?" found that most RANS models had
difficulties in generating the separation region on
the roof, and over-predicted the recalculation
region behind the building. Smal®* found that it
was impossible to reproduce the airflow of cross-
ventilation by CFD in a building shielded by 8
buildings in Tominaga’s wind tunnel
Hawendi and Gao™"

through CFD that although the external boundary

experiment-*), predicted
wall of a building reduced the ventilation airflow
rate by approximately 50%, it improved wind
comfort.

To date, no studies have considered the effect
of the hollow characteristics of upstream buildings
on downstream buildings, such as through cross
ventilation, but this situation often occurs in real
life. Thus, this study focuses on the hollow

characteristics of the upstream building to find out



FU Linliset al. :Effect of the porosity the upstream building on the natural ventilation of the

No. 1

downstream building and the reliability of its computational fluid dynamics simulation 231

its impact on the cross ventilation potential of the

downstream building, which can reduce the
concentration of indoor pollutants, including that
of biological aerosols. The study only investigates
the distribution of upstream and downstream
buildings that are not on the same straight line. As
early research, it only considers two buildings, the
elemental form of the building group, and the
hollow characteristics in terms of elevation and
window area on the upstream building.

The large eddy simulation was used in the
early stage of the study, but the LES simulation
time was too long, and the calculation results are
unstable for 3 months. After considering the time
cost and hardware conditions, it was decided to use
average model for

the steady-state Reynolds

Our previous study discussed the
common RANS models: the

standard k€ model,

calculation.
reliability of 5
the re-normalisation group
(RNG) ke model, the realizable £¢ model, the
shear stress transport (SST) k-w model, and the
turbulent Reynolds stress model (RSM), for one
situation (10% window in the middle) and found

SST  kw
[35] .

that the model has the highest

reliability We used this model to reproduce 9

different window areas and positions for the
upstream building through CFD and compare the
results with experimental data in the wind tunnel
to evaluate the reliability of the CFD simulation for

engineering applications.
2 Experimental methods

2.1 Experimental models
The
models are similar to Tominaga and Blocken'**) and

Karava et al. ') with a length scale of 1:100. The

upstream and downstream building

building model dimensions are 0. 2 m X 0.2 m X
0. 16 m (depth X width X height), and the
distance between the two buildings is fixed at 0. 4
m, which is twice the building width. The study
focuses on only one approaching wind direction that
is perpendicular to the windward side of the
upstream building. The upstream building is
hollow with a couple of symmetrical openings at
the windward and leeward facades. A total of nine
experimental cases under different geometrical
settings are summarized in Table 1, and their
schematic diagram is shown in Fig. 1. Pressure taps
are installed on the walls of the downstream

building, as shown in Fig. 2.

Table 1 Detailed configuration of models

Opening location A/ Y% Ay /Y%
. Abbreviation
Configuration (elevation above ground) (Windward (Leeward
) ) (e.g. LsW=low 5% window)
Inlet/mm Outlet/mm window) window)
C1 21 21 5 5 L5W
C2 13 13 10 10 L10W
C3 0 0 20 20 L20W
C4 67 67 5 5 M5W
C5 62 62 10 10 MI1oW
C6 53 53 20 20 M20W
C7 113 113 5 5 H5W
C8 111 111 10 10 H10W
C9 106 106 20 20 H20W

2.2 Wind tunnel settings
The experiments were carried out in the

atmospheric boundary layer (ABL) wind tunnel at

Hunan University of Science and Technology,
which has a cross-section of 3 m X 4 m C(height X

width), and is 21 m in length. A combination of
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Fig. 1 Schematic diagram of configuration
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Fig. 2 Measurement points of downstream building in

spires and surface roughness was used to create an
approach-flow wind profile representative of the
lower part of an approximate ABL in the outskirts.
The mean streamwise velocity of this incoming
flow obeys a power law with an exponent of 0. 18,

as shown in Eq. (1).

[%: (ﬁ)(),lé% (1)

where U, and Uy (m/s) are the mean streamwise
velocity at height = (m) and at the reference of
building height H(m), respectively.

The turbulent kinetic energy « is obtained
measurement of the

using three-component

variances in the velocity fluctuations. This
distribution can be approximated by using the

following relation in Eq. (2). %

’L?I) ——0.058exp(—0.19(%)) @

where k(z) (m®/s”) is the turbulent kinetic energy
at height z(m).

Fig. 3 depicts the measured velocity curve of
the incoming wind and the energy curve of the
turbulent flow in the wind tunnel. The measured
Uy at a reference height of 0. 16 m from the ground
is 4.5 m/s, to yield a building Reynolds number of
approximately 47 000. This Reynolds number is
close to 45 000 in the experiment of Tang and
Kwok. "2, and Blocken"'*, which
means that the flow enters a completely turbulent
the flow field in the

atmosphere is completely similar to the flow field

Tominaga

state. In this state,

of a wind tunnel, so-called Renault independence.

7r
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Fig.3 Approaching flow profiles

Experimental data acquisition included the

approaching wind speed, wind pressure, static
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pressure, turbulence, etc. The 3-components of
velocity and local reference pressure in real-time
were measured using a Cobra probe, and 301
pressure taps were tested with a frequency of 332. 5
Hz within a 30-second time interval for each

experiment,

3 CFD settings

3.1 Computational domain and grid

The CFD model was identical to the wind
tunnel experiment model, and the thickness of the
walls and ceiling was set to 3 mm. The
computational domain was constructed based on the
best practice guidelines in the literature [ 27, 29,
36, at a distance of 5H from the building at the
top and sides of the computational domain, and
15H between the building and the outlet boundary
downstream of the building, and 3 times the height
of the

unintended streamwise gradients in the approach
[36]

building to limit the occurrence of

flow profiles~™, The resulting domain dimensions
were 5. 32 mX 1. 8 mX0. 96 m (L XW X H),
which is consistent with the computational domain
illustrated by Van Hooff et al. ™,

domain size and building model grid are shown in

The calculation

Fig. 4, considering M10W as an example.

(c)
Fig. 4 (a)Computational domain(m)
(b)Grid of ground (c¢)Gird adjacent to upstream

building (d)Top view of grid near downstream building

3.2 Boundary conditions

The boundary conditions of the domain in
Fluent were as follows: ground and building
surfaces were defined as the wall; the top and both

the sides of the -calculation domain were in

symmetry; the outlet is vent outflow; the inlet is
velocity inlet. The velocity and turbulent energy
curves were reproduced to use user-defined
functions (UDF) compiled with the profiles from
wind tunnel experimental data. A logarithmic inlet

velocity profile was constructed based on a fit with

the power-law profile as described in Eq. (3)17,
U(Z) — uiln<m> (3)
K 2o

where uf; (m/s) is the friction velocity in the wind
tunnel experiment, « is the von Karman constant
(0.42), and =z is the height coordinate, The
logarithmic law is preferred over the power-law
because it yields the value of uy that is required for
the profile of the turbulence dissipation rate e. The
aerodynamic roughness length, =z, (m), is
determined based on a fitting procedure use the
measured velocity profile yielding 2, =0. 000 9 m at

a reduced scale. Eq. (4) describes the calculation of

the turbulent dissipation rate using Eq. (2)F7,
e(2)  k(z+z0) (4
The specific dissipation rate w for the SST kw
model is calculated to use Eq. (5)F7,
e(»)
w(z) = Ck () (5

where C, is an empirical constant equal to 0. 09.

This part adopts the settings in Van Hooff et al. "

and Gousseau et al. %7,

Using the Fluent software licensed by ANSYS
for calculation, previous studies showed that the
reliability and accuracy of the SST 4w model
simulation are the highest'® *"**J  And in our last

simulation of porous buildings™*

, we also found
that the SST model is more accurate than other
RANS models. Therefore, all the cases presented
here are simulated using this model. All the control
equations are discretized by the second-order finite
volume method, and the Semi-Implicit Method for
Pressure Linked Equations (SIMPLE) algorithm is
used for the pressure-velocity coupling. The
cubic

computational grid was built as fully

structured mesh whose quality was among 0. 95 and
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1, the total number of grids is about 6 million. The
residual of continuity and others was set as 1077,
With the Intel Xeon 32-core processor, all the
models were calculated within two months.

3.3 Data processing method

The mean wind pressure coefficients of each

point were obtained using Eq.(6) for the
experimental and simulation results'®!.
Cp = P—P (6

Sk
where C, is the mean wind pressure coefficient of
each point, P(Pa) is the wall pressure, P,(Pa) is
the reference pressure, p (kg/m’) is the air
density, and Uy (m/s) is the airflow velocity at the
building height. The

pressure coefficients of each surface are calculated

normalized mean wind

to use Eq. (7).

. CPI'
Sep, = C
P

where S, is the normalized mean wind pressure

D

coefficient of the i-face in the downstream building
where ¢ represents A, B, C, D, and E. Cpis the
surface mean wind pressure coefficient of the i-face
in the downstream building and ‘Fp‘ is the
absolute mean of the average wind pressure system
at all the measuring points in the downstream
building. The nine cases are L5W-0.12, L10W-
0.11, L20W-0.18, M5W-0.12, MI10W-0.13,
M20W-0. 15, H5W-0. 13, HI10W-0. 16, H20W-
0.19. S, is defined as the i-face normalized wind
pressure coefficient of the wind tunnel experiment.
The error between simulation and experiment is

presented in Eq. (8) as follows

2

S5

where E is the error between the simulation and

experimental results.

4 Errors analysis of CFD simulations

The viscosity model, setting method and

experimental verification of CFD have been
completed in paper [35] (for the 10% aperture
ratio), so this paper discusses different aperture
ratios and locations. The simulation reliability of
nine different porous cases in the upstream is
analysed. The top surface of the downstream
building is defined as A, the windward facade as B,
the left side along the incoming wind direction as
C, the right side along the incoming wind direction
as E, and the leeward facade of the downstream
building as D. The exploded view is shown in
Fig. 5. To reduce the influence of variation in the

the

coefficients of the nine models are normalized. In

incoming wind speed, mean pressure

other words, the ratio of the wind pressure
coefficient of each surface to the mean wind
pressure coefficients of the five faces (equal to the

the

measuring points in the downstream building) is

mean wind pressure coefficients of all

considered. Further, the CFD numerical errors
compared to the experiment are listed in Table 2,
where Expl and Exp2 are the first and second time

experimental results in the wind tunnel.

Fig. 5 Exploded view of each surface of the downstream
building: A-top surface; B-windward facade; C-left surface;

D-leeward facade; E-right surface

Cp;
E= SPEI (8 Table 2 Standardized numerical analysis of nine different models
%
Configuration L5W L10OW L20W M5wW Miow M20W H5W H10W H20W
Error to Expl 28 60 198 21 11 534 8 46 78
Error to Exp2 36 24 36 27 10 61 23 23 34
Average error 32 42 117 24 11 298 16 35 56
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Each row in Table 2 shows that the reliability
of the simulation results in cases using the same
RANS model of SST kw is different. Under all
conditions, the 10% aperture ratio in the middle of
the upstream building (M10W) has the highest
accuracy, with errors of 11% and 10%, when
compared to Expl and Exp2, respectively.

In the third row. the errors of the 20%
aperture ratios at low, middle, and high positions
(L20W, M20W, and H20W), are an average of
117%, 298%, and 56%.,

speculated that different hole characteristics have

respectively. It is

different effects on the airflow between buildings,
resulting in different airflow stability around the
downstream buildings, so the simulation results
using the RANS model are different.

When each error between Expl and Exp2 is
M10W, all

diversity. This indicates that the wind pressure on

compared, except show obvious
the model is unstable in the two sequential
experiments,

Inshort, the M10W simulation reliability is the
highest, with an average error of 11%, and the
M20W simulation reliability is the worst, with an
average error of 298%. When the building has a
large opening, the airflow through the upstream
building, that is, the cross ventilation, disturbs
the airflow around the downstream building,
resulting in a large error in the simulation results
of the large opening.

In the following section, the nine different
conditions are grouped into three elevations
including low, middle, and upper based on the
height of the upstream building window for detailed

analysis.

5 Reliability analysis of cross ventilation
potential

5.1 Opening at a low position
The influence of different opening sizes on the

simulation reliability of the lower opening of the

upstream building is considered. To analyze the

pressure change at typical locations, the average

wind pressure coefficient distribution on the
waistline and backline of the downstream building
is used to determine the difference between
different occlusion situations. Fig. 6 is a schematic
diagram of the middle backline and the middle
waistline based on the profile of the mean
coefficient of pressure (C,) from the wind tunnel
measurement on the downstream building surface.
Fig. 7 shows C, along the middle backlines and
middle waistlines on L5W, L10W, and L20W. The
red dot and the black square separately denote the
wind pressure coefficients in Expl and Exp2,

respectively.

The middle
Waistline

| The middle |
B

(a) (b)
Fig. 6 Schematic diagram of

(a)Middle backine (b)Middle waistline

Middle backline Middle waistline
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Fig.7 Middle backline and middle waistline of
(a)LSW (b) L10W (C)L20W

In the experiment,the pressure on the left and
right sides of the downstream building may not be
symmetrical due to the blockage of the upstream
building and the effect of the wind. In the smoke

experiment, the airflow passing through the
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upstream  building hit the surface of the
downstream building, and unlike in the single

experiment, the airflow relatively

affected the building

However, although the surface wind pressure

building
continuously surface.
distributions of repeated experiments are different,
they have obvious similarities. In many
experiments, including experiments repeated after
3 months, the C facade and the E facade are not
completely symmetrical. This is different from
common sense but is actually presented by
experimental and simulated data.

The simulation results among three different
porosities at a low position show the following:

1) From Fig. 7(a), it is clear that when the
upstream building has a small opening at a low
position (L5W), the diversity of the pressure
measurement in the two experiments is large. In
Fig. 7(b) and (¢), when the upstream building has
a medium-size or large-size opening ( L10W,
L20W), the pressure difference between the two
experiments is small.

2) In the test, compared with the other two
cases, the average C, shown in Fig, 7 (a) is the
most unstable on these two curves.

3) Fig. 7(a) depicts the simulation results of
the surface pressures of the downstream building in
L5W, which are in good agreement with the
experimental results,

4) Fig. 7 (b) shows that in L10W, the
underestimation of C, by CFD is presented on the
waistline from 1 to 7 points on the windward facade
B. However, the fitting of the other surfaces is
much better.

5) In Fig. 7 (c), the simulation results are
overestimated in the backline (1 to 9 points on the
windward facade B), as well as in the waistline.
The overestimation of C, by CFD on the backline is
more obvious than the waistline.

Fig. 8 shows the photos of a smoke effect

taken in a wind tunnel, with the opening position

at a low level. Fig. 9 shows the schematic diagram

of the vertical middle plane and horizontal plane at
a height of 0. 08 m from the bottom of the ground.
The diagrams of the velocity vector on these two

planes are shown in Fig. 10.

(c¢)L20W
Fig. 8 Smoke visualization: windows at

low position with 5%, 10%, 20% porosity

32

1200
0

Q 100
y

(a) Vertical middle plane

1200
Wind
/k
z 0
¢
y

(b ) Horizontal plane at a height of
0.08 m from the Eottom of the ground

Fig. 9 Schematic diagram between the two buildings

From Fig. 8 and Fig. 10, the following can be

determined:
1) As shown in Fig. 8(a) and 10(a), in the
vertical velocity vector diagram, when the

upstream building has a small opening at a low
position (1L5W), the airflow passing through the
upstream building shows an upward trend at the
exit,

2) In Fig. 8(b) and the vertical velocity vector
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(c¢)L20W

Fig. 10 Velocity vector diagram of the vertical middle

plane and the horizontal plane at a height of 0. 08 m
between the two buildings

diagram in Fig. 10 (b), the outflow of the cross-
ventilation in the LI0W case is longer than that in
the .L5W, and the cross-ventilation is also showing
an upward trend.

3) Fig. 8 (¢) and Fig. 10 (¢) show that in
L20W, the air crossing from the upstream building
destroys the original airflow vortex between the
buildings, and directly crashes the downstream
building in a manner that is more powerful than the
above-mentioned two cases. The conflict between
the crossing air and return air results in the
instability of the airflow. The airflow around the
downstream building is unstable, and the steady-
state Reynolds average model cannot reproduce
such unstable fluctuations. Thus, this could be the
reason for a larger CFD error when compared to the
two experiments whose errors are 198% and 36 %,
respectively, as shown in Table 2.

In short, it is clear that when the size of the
opening at a low position of the upstream building
increases, the damage caused by crossing air to the
return airflow between the buildings is enhanced.
Further., the reliability of the simulation results is
less accurate when the size of the opening
increases.

5.2 Opening at a middle position

The effect of different aperture ratios on the
simulation reliability of the middle opening of the
upstream building is analysed. The C, along the

middle backlines and the middle waistlines on

M5W, MI10W, and M20W are considered, as
shown in Fig. 11, where the red dot and the black
the wind pressure
and Exp2,

Fig. 12 shows the photos of smoke visualization

square separately indicate

coefficients in Expl respectively.
taken in a wind tunnel, with the position of the
opening at a middle level. The diagrams of the
velocity vector on the vertical middle plane and the

horizontal plane are shown in Fig. 13.
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Fig. 11 Middle backline and middle waistline of
(a)M5W, (b) M10W and (c) M20W

The main observations from Fig. 11, 12, and
13 are as follows:

1) According to Fig. 11 (a),
upstream building has a small opening (M5W), the

when the

pressure measurement diversity in the two
experiments is large. This is the same as when the
opening is low.

2) In Fig. 11 Ca) and (b), the simulation
results of C, in the waistline of the windward
surface (1 to 7 points on B) of the downstream
building in the M5W and M10W configurations are
lower than the wind tunnel experiment. However,
the other surfaces of M10W show good fitting
Fig. 11(o)

results of C, are overestimated on all surfaces of the

results. shows that the simulation

downstream building in the M20W configuration,

the backline and waistline of windward of the
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(b)MI10W

(c)M20W
Fig. 12 Smoke visualization: windows at middle

position with 5%, 10%, 20% porosity

(e)M20W
Fig. 13  Velocity vector diagram of the vertical middle
plane and the horizontal plane at a height of 0. 08 m
between the two buildings

downstream building being the most noticeable.

3) From smoke visualization in Fig. 12 and the
velocity vector diagram depicted in Fig. 13 (a),
(b), and (c), it is seen that as the opening rate at
the middle position increases, the outflow distance
of cross-air increases, and the damage to the
original airflow between the buildings enhances.
Compared to the L20W configuration, the vortex is
destroyed when the opening is at the middle
position, but the original airflow between the
buildings is not destroyed. This could be why the
simulations of M5W and M10W are more reliable
24 % and 11 %,

when their errors are

respectively, as shown in Table 2.

Inshort, when the size of the opening at the
middle position of the upstream building increases.,
the damage caused by crossing air to the return
airflow between the buildings also increases.
However, the reliability of the simulation results
does not decrease with an increase in the aperture
ratio, and the accuracy of the M1IOW simulation is
the greatest. This is different from the discussion
in section 5. 1.

5.3 Opening at a high position

Fig. 14(a), (b), and (c¢) show the schematic
diagrams of the mean wind pressure coefficient of
the middle backline and the middle waistline on
H5W, H10W, and H20W, respectively. Fig. 15
shows the photos of smoking effect with the
window position at a high level. Fig. 16 shows the
simulation results of velocity vector of the vertical
middle plane and the horizontal plane at a height of

0. 08 m from the ground between the buildings.
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Fig. 14 Middle backline and middle waistline of
(a)HSW (b)HI0W (c)H20W

The most important observations from Fig.
14, 15, and 16 are as follows:

1) As seen in Fig. 14(a), when the upstream
building has a small sized opening at a high position
(H5W), the pressure measurement diversity in the

two experiments is large. Fig. 8, 11, and 14 show
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(b)HIOW

(c)H20W
Fig. 15 Smoke visualization: windows at high

position with 5%, 10%, 20% porosity

(¢)H20W

Fig. 16 Velocity vector diagram of the vertical middle
plane and the horizontal plane at a height of 0. 08 m
between the two buildings

that when the ratio of the opening of the upstream
building is not less than 10%, the surface pressure
fluctuation of the downstream building is small.
2)As seen in Fig. 14(a), in the configuration
of H5W, the simulation results of C, on the
windward surface of the waistline (1 to 7 points on
facade B) on the

underestimated compared to the

downstream building are
experimental
results. However, the fitting results of the HIOW
configuration on all the surfaces are much better,
as shown in Fig. 14(b). Fig. 14(¢) shows that the
simulation results of C, of M20W are overestimated
on the backline (1 to 9 points on facade B) on the

windward surface, as well as on the waistline (1 to

7 points on facade B).

3) The smoking photos in Fig. 15 and velocity
vector diagrams in Fig. 16(a), (b), and (¢) show
that when a window is at a high position, the
change in the size of the opening rarely influences
the vortex between the two  buildings.
Consequently, the simulation results of openings at
a high position of the upstream building are better
than openings at a low position. The average error
of HIOW is 35% compared with 42% of L10W,
and the average error of H20W is 56 % compared to
117% of L20W.

In short, when the opening is at a high
position of the wupstream building, different
opening ratios of the upstream building have less
effect on the airflow between the buildings, and the
simulation reliability decreases as the aperture
ratios increase.

5.4 Cross ventilation potential

As the reliability of CFD simulation in such
problems is not high, the subsequent analysis is
based on experimental data. The potential for cross
ventilation is determined by the pressure difference
between the windward and leeward facades of the

building. The experimental values are shown in
Table 3.

Table 3 Coefficient of pressure difference (AP) between

the windward and leeward in experiment

Position G, 5% 10% 20%
Corwindward 0.14 0. 06 0.05
High Crrleeward —0.17 —0.17 —0.17
APy, 0.31 0.23 0.22
Corwindward 0. 09 0.08 0.01
Middle Cpteeward —0. 20 —0.18 —0.19
AP, 0.29 0.26 0.20
Corwindward 0.13 0.05 0.03
Low Cpteeward —0.17 —0.19 —0.20
APy, 0.30 0.24 0.23

The most important observations from Table 3
are as follows:
1) Along with the increase in the opening

area, the pressure difference gradually decreases.
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The pressure difference of 20% opening rate is
reduced by 30% in comparison to 5%, which is the
exact opposite of our feeling that the larger the
opening, the greater the amount of ventilation. It
was observed in the experiment that the crossing
airflow filled the return area between the two
buildings. and at the same time crowded out the
bypass airflow that would hit the windward facade
of the downstream building.

2) In all cases, the average wind pressure on
the leeward side is almost constant, while the
pressure on the windward side changes
significantly. This shows that the change in the
pressure difference before and after the building is
caused by the pressure change on the windward
side. This is consistent with the above analysis.

3) The change of the opening height-high,
middle and low-has no obvious effect on the
pressure difference.

In short, the pressure difference between the
front and rear of the downstream building
decreases with the increase of the opening area of

the upstream building, and has little relationship

with the opening position.

6 Conclusions

Based on a strict comparison with the wind

tunnel experiment, this analyses the

paper
reliability and accuracy of CFD simulation of
surface pressure of downstream building under
different opening conditions of upstream buildings.
The following conclusions have been obtained:

1) The data of multiple experiments show that
the wind pressure distribution on the surface of the
blocked block is not strictly symmetrical, for
example, the C facade and the E facade are not
completely the same. Moreover, in repeated
experiments, the pressure distribution cannot be
completely reproduced. These are different from
general beliefs, but they were indeed observed in
our experiments. Smoke experiments showed that
the air flow behind the upstream building was
flapping on the downstream building. However, in
general, the wind pressure distribution on the

surface of the downstream building was similar

during the decompression experiment.
2 ) The

configurations showed that the reliability varied for

standardized values of nine
the different configurations. The highest reliability
was observed for M10W with an average error of
11%, and the worst accuracy was observed for
M20W with an average error of 298%.

3) The analysis of C, on the middle backline
and middle waistline of the cube showed that when
the upstream building had a small opening, such as
L5W, M5W, and H5W, the repeated experiments
of pressure measurement varied drastically. When
the upstream building has an opening ratio of 20% .,
the airflow passing through the upstream building,
that is, the wind passing through the upstream
building, has a greater impact on the original
airflow vortex between the two buildings, which
leads to unstable airflow around the downstream
building. RANS model seems difficult to reproduce
this phenomenon.

4) When the opening was at a low or high
position, the reliability of the CFD simulation
decreased with an increase in the opening rate.

5) In the velocity vector diagram, conflictis
seen between the crossing air and return air
between buildings that changed with different
aperture ratios when there was an opening in the
middle or lower part of the building. However,
when the window was opened at the upper part of
the facade, the change of the size of the opening
showed a rare influence on the vortex between the
two buildings.

6) The cross ventilation potential of the
downstream building decreases with the increase of
the size of the opening of the upstream building and
has little relationship with the opening position,
which is contrary to general beliefs.

The limitations of this study are also obvious.
This study has focused only on one wind direction,
one spacing, and one steady-state RANS model of
SST k-w. The LES model needs to be considered
inthe future. And the paper only discusses the
distribution of the center lines of the upstream and
downstream buildings that are not on the same

straight line. This study also found that when the



FU Linliset al. :Effect of the porosity the upstream building on the natural ventilation of the
No. 1 downstream building and the reliability of its computational fluid dynamics simulation 241

building opening is located at the bottom., the
accuracy of the CFD prediction decreases and the
cause of the decrease in prediction accuracy will
also be analyzed in subsequent studies. In addition,
the architectural model adopted in this article has
certain specificity, and the follow-up research can

be further studied for general architecture.
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