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Abstract:    To reduce the wind-induced drag and improve the wind-resistance performance of a high-rise building, steady suction 
control is introduced into the building structure. Based on validation of the numerical methods by experiment with suction control 
over the flow separation of a 3D backward-facing step, the Reynolds stress equation model is used to investigate the drag reduction 
(DR) properties of a high-rise building whose side faces are controlled by all-height suction. Effects of the orifice geometrical 
parameters and suction flux parameters on the DR and the separation control are analyzed, and the detailed flow fields are shown 
to clarify the mechanism of suction control. The results indicate that suction control is very effective in reducing the wind loads on 
the high-rise building model, and only the dimensionless suction flux dominates. Lastly, the power consumed and the counterforce 
induced by suction are discussed, the suction models become the “zero-drag” model under certain suction angles. 
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1  Introduction 
 

As a result of the extensive utility of high- 
strength and light-weight materials in construction, 
civil engineering structures, such as high-rise build-
ings and large-span structures, tend to be more flexi-
ble and have a lower damping ratio. Therefore, they 
are very sensitive to wind excitation, and the 
wind-resistance design has gradually become the 
dominant factor in structural designs (Kareem et al., 
1999; Kijewski-Correa et al., 2006; Luo and Han, 
2009). Wind-resistance design for high-rise buildings, 
such as the strength, displacement and habitational 
comfort, are confronted with severe challenges under 
strong wind conditions, and the claddings frequently 
suffer from destruction, creating substantial costs. 
Consequently, it is very important and necessary to 
investigate the physical mechanism of wind loads on 

high-rise buildings, and to take aerodynamic meas-
ures to reduce the wind loads and wind-induced re-
sponses. 

Apparently, the most effective way to reduce 
wind-induced responses is to eliminate the excitation 
source, and knowledge of the aerodynamic measures 
for drag reduction can dramatically improve the 
wind-resistance performance of these structures. 
According to Fox et al. (2008), the pressure drag, 
which was mainly generated by the flow separation in 
the boundary layer, occupied more than 90% of the 
wind-induced drag on the bluff bodies. Flow separa-
tion can lead to complex flow fields around high-rise 
buildings, and can bring extreme suction forces on the 
corners of the side face and top face, together with 
significant suction forces on the leeward face, down-
stream the side face and the top face (Simiu and 
Scanlan, 1996). Consequently, it is necessary to adopt 
flow control techniques to restrain or avoid the sepa-
ration, and among these techniques, the suction con-
trol method has already been widely used in the do-
mains of aerospace (Greenblatt and Wygnanski, 2000; 
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Huang et al., 2004; 2007), pipeline transportation 
(Uruba et al., 2007), and fluid machinery (Song et al., 
2005). 

The suction method is an active means to control 
the overall flowfield around the bluff or streamlined 
body, though it requires power to drive the suction 
mechanism. The basic principle of suction control is 
to remove the low-velocity fluid from the boundary 
layer and to deflect the high-momentum free-stream 
fluid towards surfaces of the body (Greenblatt and 
Wygnanski, 2000; Schlichting and Gersten, 2000), 
with the aim of restraining or avoiding separation, 
thereby increasing the lift force and decreasing the 
drag force. 

To reduce the wind-induced drag and improve 
the wind-resistance performance of high-rise build-
ings, the steady suction control is introduced into the 
building structures, and the performance of wind-load 
reduction for an all-height suction high-rise building 
is numerically investigated through the Reynolds 
stress equation model (RSM). Effects of the orifice 
geometrical parameters and the suction flux parame-
ters on the drag reduction (DR) property are analyzed, 
and detailed flow fields (including the Reynolds- 
averaged stream and vorticity fields) are shown to 
clarify the mechanism of suction control. Moreover, 
the power consumed and the counterforce induced by 
suction are discussed. The overall aim of this paper is 
to provide the preliminary reference information for 
practical application of the all-height suction to 
high-rise buildings. 

 
 

2  Numerical methods 
 

The analytical model, with a height of 600 mm 
(H=600 mm) and a width (depth) of 162 mm (B=D= 
162 mm), was a high-rise building baseline model 
which had been investigated through wind tunnel 
tests (WTT) by Zhang et al. (2004). In the WTT, the 
high-rise building model had a length scale of 
1/S=1/300, and the mean velocity at the top of the 
model was set to VH=13.5 m/s (which was also de-
fined as the referenced velocity V∞ in this study). 
Thus, the Reynolds number based on width of the 
model and the VH was about 1.51×105. Only the 
models with one face normal to the wind direction 
and the all-height suction models with a change of 

suction in the horizontal plane were studied in this 
research. 

Fig. 1 shows a sketch of suction control on an 
arbitrary cross-section of the model, where the slot 
size d denotes the width of the slot and g denotes the 
distance from the left-side of the suction slot to the 
front corner of the side face. According to the previ-
ous study on comparison of the DR property for the 
suction models with six slot schemes on the side face 
(g=0, g=3%D, g=5%D, g=8%D, g=10%D and the 
suction slot locates at the rear of the side face, re-
spectively) (Zheng, 2010), the optimal slot position 
on the side face was g=3%D, so the value of g=3%D 
was adopted for all the models in this study. The suc-
tion angle θ denotes the direction of air suction, and is 
defined as 0° when the suction direction is identical to 
the wind direction. θ reflects the relationship between 
the component velocity normal to the side face Vc and 
the along-wind suction velocity component Vca 
(Vca=Vccot θ). 

 
 
 
 
 
 
 
 
 
 
 
 
 

The computational domain, with a length of 6 m, 
a width of 3 m and a height of 2 m, was discretized by 
the multi-block structured and non-uniform or-
thogonal grid. Before the parameter analysis, four 
near-wall grid resolutions were initially compared to 
check the grid independence, which will be discussed 
in the following sections. 

The Reynolds-averaged Navier-Stokes (RANS) 
equations were adopted to match the grid resolution, 
and discretizations of the incompressible governing 
equations were accomplished by the Computational 
Fluid Dynamics (CFD) code FLUENT 6.2, using the 
finite-volume method. 

The turbulence model of RSM was used to close 
the RANS equations, and the non-equilibrium wall 

Fig. 1  Sketch of suction control on an arbitrary cross-
section of the model 
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function was introduced to simulate the low-Reynolds 
flow near the wall. The second-order upwind and the 
second-order central differencing scheme were 
adopted to discretize the convective terms and the 
diffusive terms in the N-S equations, respectively. 
Moreover, the pressure-velocity decoupling of the 
discretized equations was implemented by the 
semi-implicit method for pressure-linked equations 
(SIMPLE) algorithm, which is suitable for steady 
calculations. 

The inflow boundary condition was pro-
grammed by the user defined function (UDF) in 
FLUENT. The inflow velocity profile was set as the 
power law V(z)=V10(Sz/10)0.22 (the mean velocity at 
the height of 10 m was set to V10=7.148 m/s) to 
simulate the terrain roughness of C type in Chinese 
Load Code (GB50009-2001, 2002), where z is the 
height away from the ground. The turbulence kinetic 
energy and turbulence dissipation rate were expressed 
by the empirical formulae (Tu et al., 2008; Zheng and 
Zhang, 2008): 

 
k(z)=1.5[I(z)×V(z)]2,                         (1) 
ε(z)=0.093/4k(z)3/2/l,                           (2) 

 
where the turbulence intensity I(z) was adopted from 
the third type of the terrain roughness (corresponding 
to the terrain roughness of C type in GB50009-2001) 
in the Australian/New Zealand Standard, expressed as 
 

( )=0.271, 5 m, 
( )= 0.0357 ln( ) 0.3255, 5 m,

I z Sz
I z Sz Sz >

≤⎧
⎨ − +⎩

   (3) 

 
and the turbulence length l was set as 0.07H. 

The outflow boundary condition was set as the 
fully developed turbulence in the outlet. For the suc-
tion slots, the boundary was set as the velocity-inlet 
boundary condition under suction, and it was changed 
to the no-slip wall boundary when there was no suc-
tion. As for the other surfaces of the computational 
domain and the analytical model, the no-slip wall 
boundary condition was used to simulate the wall 
boundary in the wind tunnel test. 

Applicability of the numerical methods stated 
above were verified by an experiment conducted by 
Uruba et al. (2007) with suction control over the flow 
separation of a 3D backward-facing step (Zheng, 
2010), and the results indicated that the dimensionless 

reattachment length xr/h (h denotes the step height) 
from the numerical simulation and experiment 
showed good agreement for the tested suction flow 
coefficient with a maximum error of 10%, and thus 
validating the numerical methods. 

 
 

3  Definitions for main parameters 
 

The quantity of the DR is characterized by the 
coefficients of pressure reduction for test points (CPRi) 
and for surfaces (CPR) of the suction model, which are 
defined as 

 
CPRi=1−CPCi/CPBi,                          (4) 
CPR=1−CPC/CPB,                            (5) 

 
where CPCi and CPBi is the mean pressure coefficient 
for point of the model with and without suction, re-
spectively, and CPC and CPB is the area-weighted- 
averaged mean pressure coefficient for surface of the 
model with and without suction, respectively. Ac-
cordingly, the coefficients of drag reduction (CDR) and 
along-wind base moment reduction (CMR) are defined 
to denote reduction for the drag and the along-wind 
base moment of the suction model, respectively. 
When 0<CDR (or CMR)≤1.0, it means that suction can 
reduce the drag or the base moment of the baseline 
model, and CDR (or CMR)>1.0 means that the suction 
has changed the direction of the drag force or the base 
moment. 

The dimensionless suction flux CQ is defined as 
the ratio of air mass flux through one of the slots over 
the referenced mass flux: 

 
CQ=ρcQc/(ρeQ∞)=ρcdVcH/(ρeDV∞H),            (6) 

 
where the density of the suction air and the incoming 
flow are both set to ρc=ρe=1.225 kg/m3, and Qc and 
Q∞ are the volumes flux through one of the slots and 
the referenced flux. CQ is defined as negative for 
suction. 

 
 

4  Grid independence checking 
 

Fig. 2 shows the near-wall grid configuration 
around planes z/H=2/3 of the baseline models or the 
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suction models, and the grid near the slots are locally 
refined (there are 5, 8 and 12 grid cells to discretize 
the slot with d=3, 5 and 8 mm, respectively). The 
overall number of grid cells for different cases in-
volved in this study was about 1.08–1.20 million. The 
grid quality around planes z/H=2/3 of the baseline 
models with different near-wall grid resolutions (the 
minimum near-wall grid size normal to the model was 
2 mm (D/81), 3 mm (D/54), 5 mm (nearly D/32) and 
9 mm (D/18), respectively) are shown in Fig. 3, where 
x′ and the numbers 0–4 are used to determine loca-
tions of the mesh centers around planes z/H=2/3. The 
grid quality was expressed by the wall unit y+=Δyuτ/ν, 
where half of the least grid size normal to surfaces of 
the baseline models were Δy=1.0, 1.5, 2.5 and 4.5 mm, 
respectively. uτ=(τw/ρe)0.5 is the frictional velocity, 
where τw is the near-wall shear stress, and ν is the 
kinematic viscosity. 

As shown in Fig. 3, y+ for the baseline model 
with Δy=2.5 mm are mainly located between 30 and 
300, which is under consideration by the wall func-
tion formulation. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Comparison of CPBi around planes z/H=2/3 of 
the baseline models is shown in Fig. 4, CPBi is close to 
each other except for the grid scheme with Δy=4.5 
mm. So the baseline model with Δy=2.5 mm is suit-
able for the computation. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison of CPCi around planes z/H=2/3 of 

the suction models (CQ=−0.0457, θ=15° and d=5 mm) 
is shown in Fig. 5, CPCi for the test points are close to 
each other except for point 4, so the suction model 
with Δy=2.5 mm is also suitable for the computation. 
Furthermore, convergence of numerical computation 
for the suction models with less near-wall grid size is 
worse than that for the suction model with Δy= 
2.5 mm, because the stretch ratio of the grid for the 
former models are larger than the latter model when 
using the same overall number of grid cells. Under the 
circumstance, the suction models with Δy=2.5 mm are 
analyzed in this study. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 2  Near-wall grid configuration around plane z/H=2/3
of the baseline model or suction models 
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Fig. 3  Near-wall grid quality y+ around planes z/H=2/3 of 
the baseline models with different grid resolutions 
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Fig. 4  Effect of near-wall grid size on CPBi of the test points 
on the plane z/H=2/3 
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Fig. 5  Effect of near-wall grid size on CPCi of the test points
on the plane z/H=2/3 
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5  Results and discussions 
 

Effects of θ and d on the along-wind CDR and 
CMR of the suction models under CQ=−0.0457 are 
shown in Fig. 6. Though CDR and CMR are slightly 
decreased with increasing increments of θ or d, the 
maximum variation between all the models is less 
than 15%. Therefore, θ or d shows little influence on 
the DR of the suction models under the same CQ. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Moreover, the Reynolds-averaged pressure and 
stream fields around planes z=2H/3 of the suction 
models under the extreme suction angles (θ=15°, 90° 
and 165°) are compared in Fig. 7 for the suction 
models under CQ=−0.0457 and d=5 mm, and Fig. 8 
shows the vorticity fields around planes z=2H/3 of 
these models with a spacing of 100 per second, where 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the value is larger for the contours inside. The results 
indicate that θ or Vca shows little influence on the DR 
of the suction models under the same CQ. 

Put simply, the suction works as a sink: only its 
capacity (CQ) is important for the DR, while the ori-
fice geometrical parameters (such as θ and d) and the 
suction velocities (such as Vc and Vca) show little 
influence on the DR. 

The effect of CQ on CPR for the surfaces, 
along-wind CDR and CMR of the suction models is 
shown in Fig. 9, and the models involved in the fol-
lowing section have a suction angle θ of 15° and a slot 
size d of 5 mm. With increasing increments of the 
absolute value of CQ, the values of CPR, CDR and CMR 
increase rapidly (with the odd exception of CPR for the 
side face when the absolute value of CQ is less than 
0.0229), and the DR for the windward face, the 
along-wind drag and the along-wind base moment are 
more significant than that for the leeward face and the 
top face. However, too large absolute value of CQ will 
be restrained in the practical application, due to the 
consideration of the energy requirement, discomfort 
for the environment and the suction-induced noise. 

As CPR for the side face or the top face is mainly 
determined by the flow separation and reattachment, 
and CPR for the leeward face is mainly related to the 
curvature and width of the wake, removal of the 
separation by suction can significantly influence the 
property of DR for these faces. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 8  Comparison of the Reynolds-averaged vorticity magnitude around the suction models 

(a) θ=15°; (b) θ=90°; (c) θ=165° 
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Fig. 6  Effects of the suction angle and the slot size on CDR
and CMR 
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On one hand, separation flows downstream 

along the side face are controlled by suction, so the 
suction forces are decreased. On the other hand, the 
flows near the slots are accelerated in the counter- 
wind direction by suction, and the small scale vortices 
appear near the slots, so the suction forces are greatly 
increased in these regions. To sum up, two kinds of 
effects determine CP on the side face, and the effect of 
the small scale vortices will be dominating under less 
negative CQ. These statements explain why there is no 
improvement of CP on the side face when the absolute 
value of CQ is less than 0.0229. 

To depict effect of CQ on the space distribution 
of CPRi for the suction models, Fig. 10 shows contours 
of CPRi on surfaces of the suction models under 
CQ=−0.0229, −0.0457 and −0.0686, respectively. The 
big arrowheads in the figures denote the direction of 
the exterior flow, and the small arrowheads denote the 
direction of the air suction. 

CPRi are almost positive for the entire surfaces of 
the suction models except for the front corners of the 
side face and top face (Fig. 10), so it can be concluded 
that suction is very effective on the DR for the 
high-rise building. CPRi on two sides of the windward 
face, front corners of the side face and top face are 
notably changed, denoting the intensive control of the 
flows on these zones; however, it is relatively uniform 
on the leeward face. 

Moreover, the distribution regularity of CPRi on 
the surfaces is almost the same for the suction models 
with different CQ, though CPRi is larger under larger 
absolute value of CQ, and changes of CPRi on the 
leeward face and top face are less than that on the 
windward face and side face as CQ is changed. 
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To analyze the mechanism of suction control on 

the DR for the high-rise building model, the Reynolds- 
averaged streamlines around planes z/H=2/3 of the 
models with and without suction are compared in 
Fig. 11, and Fig. 12 shows contours of the vorticity 
magnitude around planes z/H=2/3 of these models. 
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As shown in Fig. 11a, the region around the 

baseline model exhibits several flow phenomena, 
such as separation and recirculation. There are sig-
nificant large scale vortices near the side face, with 
little reattachment occurring, so the curvature and 
width of the wake are very large. A wide region with 
large vorticity magnitude appears near side faces of 
the baseline model in Fig. 12a; however, the near-wall 
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Fig. 12  Contours of the vorticity magnitude around planes
z/H=2/3 of the models with and without suction 
(a) CQ=0; (b) CQ=−0.0229; (c) CQ=−0.0457; (d) CQ=−0.0686
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Fig. 11  Comparison of the Reynolds-averaged streamlines
around planes z/H=2/3 of the models with or without suction
(a) CQ=0; (b) CQ=−0.0229; (c) CQ=−0.0457; (d) CQ=−0.0686
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vorticity magnitude downstream the side face is very 
small. 

From Figs. 11b–11d and Figs. 12b–12d, it can be 
seen that suction can bring more flow around the 
windward face (as the vorticity magnitude is greatly 
increased on corners of the windward face), restrain 
the flow separation and development of the vortices, 
and make the streamlines deflect to the side face, so 
that the large scale vortices near the side faces dis-
appear. As well, much more flow reattachment can be 
observed and the vorticity magnitude away from the 
side face is notably reduced. The reattachment flows 
re-separate at the trailing edge of the side face, which 
results in a narrow wake with high vorticity magni-
tude behind the leeward face. However, the regions 
near the slots have two visible cavities, which mean 
that there are small scale vortices in these regions (the 
phenomenon is not very evident because of the rela-
tive coarse grid near the side face), so the suction 
forces are greatly increased. Therefore, attention 
should be paid to the aerodynamic modifications for 
corners of the slots to restrain the development of the 
vortices. 

With increasing increments of the absolute value 
of CQ, more flow around the windward face is gen-
erated, while the flows re-separate at the trailing edge 
of the side face, which results in less curvature of the 
recirculation, a narrower wake and a higher vorticity 
magnitude for the wake. So the all-height suction 
model with larger CQ will have more significant DR.  

Simiu and Scanlan (1996) pointed out that when 
the flowfield around the bluff body without suction 
had a larger curvature of the recirculation and wider 
wake, the wind-induced drag would be larger. So for 
the mechanism of suction control on the DR for the 
high-rise building, it can be concluded that suction 
can bring more flow around the windward face, re-
strain the flow separation and decrease curvature of 
the recirculation and width of the wake. 

Effect of suction on the length of the wake can be 
discussed in two aspects. First, suction can reduce the 
curvature of the recirculation and the width of the 
wake, so the length of the wake will increase; second, 
suction will remove part of the along-wind momen-
tum from the separation flows, so the distance of its 
movement in the wake will decrease. These state-
ments explain why the length of the wake for the 
suction models are close to the baseline model around 

the planes z/H=2/3. 
Furthermore, the Reynolds-averaged streamlines 

around planes x=0 of the models with and without 
suction are compared in Fig. 13. The circulation zone 
and size of the large scale vortex behind the leeward 
face is notably reduced with increasing increments of 
the absolute value of CQ. 

In addition, the separation flow restrained by 
suction control is accompanied with a reduction of the 
boundary layer thickness near the side face. Accord-
ing to Newton’s law of viscosity, reducing the 
boundary layer thickness can lead to an increase of 
the shear stress near the side faces, which is accom-
panied by the increase of the near-wall vorticity 
magnitude and the friction drag (though it is small 
compared to the pressure drag). The phenomena are 
confirmed by the contours of the vorticity magnitude 
in Fig. 12, where the high vorticity magnitude region 
near the side face is reduced by suction, and the vor-
ticity magnitude along the side face is increased. 

For a high-rise building with its side faces con-
trolled by all-height suction, the power input for suc-
tion can be calculated by the following formula de-
rived from the kinetic energy theorem (Zheng, 2010) 

 
P=2×ρcQcV2/2=ρcdHVc(Vc

2+Vca
2),            (7) 

 
where V is the compositional velocity superposed by 
Vc and Vca. Based on Eqs. (6) and (7), as DR for the 
all-height suction model is mainly determined by CQ, 
and P is proportional to cubic of Vc, the suction 
models with large ρc and d together with θ=90° are 
preferred under the same CQ. 

Furthermore, the counterforce is caused by the 
air suction, and the component force against the wind 
direction can be derived from the momentum theorem 
(Zheng, 2010): 

 
Fy=2ρcdHVcVcos θ=2ρcdHVcVca,            (8) 

 
and the equivalent against-wind drag coefficient and 
base moment can be calculated: 

 
CD′=Fy/(ρcV∞

2DH/2),                         (9) 
Mx′=Fy×H/2.                                   (10) 

 
Thus, CD′ or Mx′ is another way to compute DR, and 
suction models with larger d and less θ can bring more 
DR. 
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According to Eqs. (7)–(10), P, CD′ and Mx′ are 
greatly influenced by the orifice geometrical pa-
rameters (such as θ and d) and the suction velocities 
(such as Vc and Vca), and the optimal suction model 
cannot be put forward directly, but are restricted to the 
harmony of the relationship among the wind loads of 
the baseline model, the power input and the equiva-
lent against-wind force. 

Furthermore, the overall drag coefficient will be 
acquired by superposing CDC (the wind-induced drag 
coefficient for the suction model) and CD′. When CDC 
is equal to CD′, the overall drag coefficient for the 
suction model is equal to zero, and then we call the 
model a “zero-drag” model. Fig. 14 shows compari-
sons of CDC and CD′ of the suction models with 
d=5 mm. For less negative CQ (CQ=−0.0229), CDC is 
much larger than CD′, so the direction of the overall 
drag coefficient is identical to the wind direction. 
While for more negative CQ, the suction models be-
come the “zero-drag” model when θ is close to 30° 
under CQ=−0.0457 or located at (45°, 60°) under CQ= 
−0.0686. 

Using CDR′=CD′/CDB to denote the quantity of 
DR contributed by the counterforce induced by suc-
tion, and comparisons of CDR and CDR′ for the suction 
models with d=5 mm are shown in Fig. 15. For the 
suction models with less negative CQ (such as 
CQ=−0.0229) and larger θ, CDR is larger than CDR′, so 
the DR induced by the aerodynamic control is 
dominating. With increasing increments of the abso-
lute value of CQ, CDR′ is gradually more significant 
than CDR for the suction models with less θ. Moreover, 
the overall drag reduction (superposed by CDR and 
CDR′) is very significant. For example, when a suction 
model has θ=45° and d=5 mm under CQ=−0.0457 (the 
power input for suction is P=58.8 W), its overall drag 
reduction reach to 0.673, so the drag is greatly re-
duced. 

 
 

6  Conclusions 
 

After validation of the numerical methods, the 
DR property for a high-rise building controlled by 
all-height suction is investigated through the turbu-
lence model of RSM, and the main influence pa-
rameters on the performance of drag reduction are 
analyzed. The main conclusions are summarized as 
follows. 

(a)

(b)

Fig. 13  Comparison of the Reynolds-averaged streamlines
around planes x=0 of the models with and without suction 
(a) CQ=0; (b) CQ=−0.0229; (c) CQ=−0.0457; (d) CQ=−0.0686
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The suction method is very effective on the DR 
for the high-rise building model, and the sole pa-
rameter to determine the DR is the dimensionless 
suction flux CQ. With increasing increments of the 
absolute value of CQ, the values of CPR for the sur-
faces, along-wind CDR and CMR of the suction model 
increase rapidly. Though the orifice geometrical pa-
rameters (such as θ and d) and the suction velocities 
(such as Vc and Vca) show little influence on the DR 
under the same CQ, they are strongly related to the 
energy consumed and the counterforce induced by 
suction. The detailed flow fields (including the  
Reynolds-averaged stream and vorticity fields) 
around the models with and without suction are pre-
sented to discuss the mechanism of suction control. It 
is concluded that suction can bring more flow around 
the windward face, restrain the flow separation and 
decrease the curvature of the recirculation and width 
of the wake. 

According to Cheng et al. (1996) and Simiu and 
Scanlan (1996), the Reynolds number effects would 
have little influence on the flow field and the mean 
pressure coefficient of the sharp-edged high-rise 
buildings if the Reynolds number was larger than 
1×104. Therefore, the results acquired in this paper 
would have a high applicability for real high-rise 
buildings (H=180 m) with a high Reynolds number 
(1×107–1×108). However, the proposed suction 
method may yet be some distance from practical ap-
plication, and some details (mainly on the energy 
requirement, discomfort for the environment, instal-
lation of the suction equipments, and the suction- 
induced noise) should be further discussed and bet-
ter-established.  
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