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Abstract

Wind is a significant architectural design parameter to be considered during the initial phase of the design stage. However, there are 

very few studies on the wind behaviour of buildings in the architectural field. Understanding the behaviour of buildings under wind 

loads is significant to developing solutions at every stage of the design phase. 

This study presents the numerical examination of wind pressure distributions on U-plan-shaped buildings with four different depth 

ratios of 0.5, 1, 2, and 4 over a wind incidence angle of 0°. Models were examined with 2 and 5 m/s wind velocity values. This study aims 

to examine the effect of depth ratios and wind velocity values on an irregular building. Wind pressure distributions around models, 

wind velocity distributions, wind flows and streamlines have been comprehensively evaluated. 

As a result of the studies, it has been observed that according to the wind pressure distributions around building models, when the 

U1, U2 and, U7, U8 models are compared, it can be seen that the negative pressure difference decreases slightly as the depth ratio 

decreases. Furthermore, as the wind velocity increased, the negative pressure difference decreased. It was observed that there was 

no significant difference in terms of positive pressure values. Moreover, it was observed that from the height level of H/3 to 2H/3, the 

vortex region decreases. This vortex area is more significant in the U7 model, which has a depth ratio of 0.5. The vortex area increases 

as the depth ratio decreases.

Keywords

wind, irregular plan, computational fluid dynamics (CFD), pressure distributions

1 Introduction 
Wind is one of the significant loads to be considered at 
every stage of the architectural design phase. It is a signif-
icant architectural design component, and there is increas-
ing interest in analysing wind load effects on buildings 
from an engineering perspective. However, understanding 
the behaviour of buildings under wind load is also signifi-
cant in the architectural field.

There are various studies in the literature related 
to the analysis of wind flow mechanisms and under-
standing of wind characteristics on buildings (Al-Najjar 
and Al-Azhari, 2021; Bhattacharya and Dalui, 2020; 
Jendzelovsky and Antal, 2021; Mallick et al., 2020; Paul 
and Dalui, 2021). Significantly, the wind behaviour of 
irregular plan-shaped buildings is a significant subject 
to be analysed. Some of the irregular forms were stud-
ied by researchers in the literature (Bhattacharyya and 
Dalui, 2018; Chakraborty et al., 2014; Gomes et al., 2005; 

İnan, 2021; Li et al., 2020; Mallick et al., 2019; Mukherjee 
et al., 2014; Sanyal and Dalui, 2021).

There are very few studies on the wind behaviour 
of buildings in the architectural field. Moreover, the 
behaviour of the buildings under wind velocities has not 
been generally understood by architectural students. 
Understanding the behaviour of buildings under wind 
loads is significant to developing solutions at every stage 
of the design phase. In this study, wind behaviour in build-
ings is evaluated from an architectural point of view. This 
study presents the numerical examination of wind pres-
sure distributions on U-plan-shaped buildings with four 
different depth ratios of 0.5, 1, 2, and 4 over a wind inci-
dence angle of 0°. Models were examined with 2 and 5 
m/s wind velocity values. This study aims to examine the 
effect of depth ratios and wind velocity values on the wind 
behaviour of an irregular building.
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2 Research methodology
In this study, the Computational Fluid Dynamics (CFD) 
package of ANSYS FLUENT 20.0 is used for the analy-
sis. CFD. In accordance with suggestions in the literature 
(Franke, 2006; Tominaga et al., 2008), the computational 
domain used for the analysis in this study is presented in 
Fig. 1. While 5H is taken for the top, inlet and side walls, 
15H is taken from the outlet in this study. In meshing, 
grid quality and quantity ascertain computation time and 
results. In this study, a hexahedra grid type is chosen to 
predict results. 

This study uses velocity inlet as inlet boundary with 
wind and turbulence quantities. Outlet is modelled as out-
flow boundary, side walls and top wall have symmetrical 
boundary conditions, and ground (bottom wall) has no-slip 
boundary conditions. These boundary conditions are used 
during the numerical simulation in ANSYS FLUENT 
20.0. A realisable k-ε turbulent model is performed in the 
analysis. The SIMPLE algorithm of Patankar was used 
to solve the pressure-velocity coupling (Patankar, 1980). 
Second-Order Upwind Scheme was used for the convec-
tion terms and the viscous terms of the governing equa-
tions. In the analyses, for all of the transport parameters, 
the convergence criterion has been defined as 10-7.

2.1 Models
Four U-shaped buildings with the same height, width and 
wing length but having different depth plan ratios were 
analysed by applying the Computational Fluid Dynamics 
(CFD) package of ANSYS 20. For this purpose, wind pres-
sure distributions on and around U-plan-shaped buildings 
were analysed for the wind velocity value of 2 m/s and 
5 m/s over a wind incidence angle of 0°. While U1, U3, 
U5 and U7 models were exposed to 2 m/s, the others were 
exposed to 5 m/s wind velocity.

Models could be denoted as U1 to U8 according to depth 
ratio (DR) and wind velocity values. Moreover, other par-
ticular information about the models is given in Fig. 2 
and Table 1. Depth ratio (DR) is determined as the ratio 
of building wing length to the length between building 
wings. The depth ratios calculated in the models are 0.5, 
1, 2, and 4. All surfaces are coded with letters as shown in 
Fig. 2. All models are designed as having a building height 
of 30 m. While the models coded as U1, U3, U5 and U7 
were exposed to 2 m/s wind velocity, the others were under 
5 m/s wind velocity. These wind velocities were chosen 
based on the wind map of Niğde/Turkey, and average and 
minimum velocity values were used in the study analysis.

3 Discussion and results
In this study, ANSYS Fluent Computational Fluid Dynamics 
(CFD) software 20.0 package program is used to analyse 
wind pressure and velocity distributions around shaped-
plan-shaped buildings. The results from the analysis are 
examined comprehensively in this part. 

In the study, wind pressure coefficients are sliced at the 
height level of 2H/3, H/2 and H/3, as shown on the U4 
model – Fig. 3. The aim is to examine wind characteris-
tics around U-plan-shaped buildings with different depth 
ratios and height levels.

Fig. 1 Computational domain

Fig. 2 Building models

Table 1 Parameters and computational domain dimension

Model DR Wind
(m/s)

Computational Domain (m) 

X × Y × Z

U1 4 2 325 × 630 × 180

U2 4 5 325 × 630 × 180

U3 2 2 330 × 630 × 180

U4 2 5 330 × 630 × 180

U5 1 2 340 × 630 × 180

U6 1 5 340 × 630 × 180

U7 0.5 2 360 × 630 × 180

U8 0.5 5 360 × 630 × 180
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3.1 Wind Pressure Distributions around building 
models
Wind pressure distributions around shaped-shaped build-
ing models were analysed for different wind velocity and 
depth ratio (DR) conditions. All models were evaluated 
at the height of H/3, H/2, and 2H/3 levels. Graphs of the 
selected models were presented to avoid excessive graphing 
when evaluating the study. In shaped-shaped models, pos-
itive pressure values were observed on windward surfaces 
(A, E, G). Moreover, negative pressure values were noticed 
on leeward (C) and especially on side surfaces (B, D).

In the U1 model, while the positive pressure values 
around the buildings decrease from H/3 level to 2H/3 
height level, negative pressure values decrease from H/3 to 
H/2 height level (Fig. 4). After, it started to increase to the 
2H/3 level. U2 shows similar behaviour as U1. However, 
considerable high-pressure values were noticed around 
the buildings due to the high wind velocity value (Fig. 5). 
When the models U1 and U7, which were exposed to 2 m/s 
wind velocity, were compared, it was observed that there 
was no significant difference in terms of positive pressure 
values. However, significant differences were observed in 
negative pressure values. It was observed that the negative 
pressure values around the U7 model – 0.5 depth ratio – 
are approximately twice that of the U1 model with a depth 
ratio of 4 (Fig. 6).

When the models U2 and U8 that were exposed to 5 m/s 
wind velocity were compared, it was observed that there 
was no significant difference in terms of positive pressure 
values. However, significant differences were observed 
in negative pressure values. The negative pressure values 
around the U8 model – depth ratio of 0.5 – are approxi-
mately 1.5 times that of the U2 model with a depth ratio 
of 4 (Fig. 7).

When the models U1 and U2, which have the same 
depth ratio of 4, were compared, it was observed that pos-
itive pressure values around the U2 model, which was 

exposed to 5 m/s wind velocity, are approximately eight 
times that of the U1 model. Besides, negative pressure val-
ues are about 11 times greater than U1. 

On the other hand, when the models U7 and U8, which 
have the same depth ratio of 0.5, were compared, it was 
observed that positive pressure values around the U8 model, 
which was exposed to 5 m/s wind velocity, are approxi-
mately eight times that of the U7 model. Besides, negative 
pressure values are about eight times greater than U7.

Fig. 3 Horizontal lines for pressure coefficients

       (a)                                   (b)                                   (c)
Fig. 4 Wind pressure distributions around buildings for U1 (DR:4, wind 

velocity 2 m/s); (a) z = H/3, (b) z = H/2, (c) z = 2H/3

               (a)                           (b)                               (c)
Fig. 5 Wind pressure distributions around buildings for U2 (DR:4, wind 

velocity 5 m/s); (a) z = H/3, (b) z = H/2, (c) z = 2H/3

        (a)                                  (b)                                    (c)
Fig. 6 Wind pressure distributions around buildings for U7 (DR:0.5, 

wind velocity 2 m/s); (a) z = H/3, (b) z = H/2, (c) z = 2H/3

         (a)                                   (b)                                    (c)
Fig. 7 Wind pressure distributions around buildings for U8 (DR:0.5, 

wind velocity 5 m/s); (a) z = H/3, (b) z = H/2, (c) z = 2H/3
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When the U1, U2 and, U7, U8 models are compared, it is 
seen that the negative pressure difference decreases slightly 
as the depth ratio decreases. Besides, as the wind velocity 
increased, the negative pressure difference decreased.

3.2 Velocity distributions
Figs. 8 and 9 show the streamlines on the horizontal plane 
of H/3 and 2H/3 height levels for wind directions of 0° 
for the U1 and U7 models. It was noticed that wind flows 
sharply away at high velocity from the windward surface 
(A and E) nearest to the side surfaces. The flow separation 
and acceleration of flow are noticeable on the outside cor-
ners, and wind flow reverses just behind these corners. Two 
similar vortices appear in the wake region of the U-shaped 
models. Significant negative pressures were noticed on 
and around side surfaces and the leeward surface.

Moreover, the vortex region gets smaller from the 
height level of H/3 to 2H/3. This vortex area is more sig-
nificant in the U7 model, which has a depth ratio of 0.5. 
The vortex area gets larger as the depth ratio decreases. 

Wind flows around shaped-shaped models were presented 
in Figs. 10–13. At the height of z = H/3, turbulent flow is 
observed on the side surfaces of all models. Moreover, the 
velocity in the track zone decreases and reverse flow zones 
are formed. Maximum velocity occurs on the side surfaces 
of buildings. It is observed that the maximum velocity 
region on the side surfaces of the models expanded with 

increasing height in all models. In the trace region, veloc-
ity decreases in all models in the velocity region. However, 
as the height of the model decreases, the velocity drops in 
the track zone increases. When the models of U1 and U2, 
which were exposed to the same depth ratio and different 
wind velocities, were compared, it was noticed that the U2 
model had considerable high-pressure values. Moreover, 
while the pressure areas on the side surfaces of the U2 

(b)
Fig. 8 Streamlines around the U1-shaped model: (a) z = H/3, (b) z = 2H/3

(a)

(a)

(b)
Fig. 9 Streamlines around the U7-shaped model: (a) z = H/3, (b) z = 2H/3

(a)

(b)
Fig. 10 Velocity distributions around U1 model; (a) z = H/3, (b) z = 2H/3
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and U8 models, which are exposed to high wind velocity, 
decrease with height, an increasing trend is observed for U1 
and U7, which are exposed to low wind velocity.

4 Conclusions
This paper presented the numerical examination of wind 
pressure and velocity distributions around irregular U-plan-
shaped models having different depth ratios and wind 

velocities. While U1, U3, U5 and U7 models were exposed 
to 2 m/s, the others were exposed to 5 m/s wind velocity. 
The models U1 and U2 have the same depth ratio of 4.00. 
U3 and U4 have the same depth ratio of 2.00, U5 and U6 
have the same depth ratio of 1.00 and U7 and U8 have the 
same depth ratio of 0.50. This study aimed to examine the 
effect of depth ratios and wind velocities on wind pressure 
distributions around all models. With this aim, the ANSYS 
Fluent 20.0 Computational Fluid Dynamics (CFD) software 
program was used for the numerical analysis. The flow was 
considered steady, fully turbulent and three-dimensional.

Based on the wind pressure distributions around build-
ing models, when the U1, U2 and, U7, U8 models are 
compared, it is seen that the negative pressure difference 
decreases slightly as the depth ratio decreases. Besides, 
as the wind velocity increased, the negative pressure dif-
ference decreased. It was observed that there was no sig-
nificant difference in terms of positive pressure values 
(Tables 2–3). 

(a)

(b)
Fig. 11 Velocity distributions around U2 model; (a) z = H/3, (b) z = 2H/3

(a)

(b)
Fig. 12 Velocity distributions around U7 model; (a) z = H/3, (b) z = 2H/3

(a)

(b)
Fig. 13 Velocity distributions around U8 model; (a) z = H/3, (b) z = 2H/3

Table 2 Comparison of pressures according to the  
wind velocity changes

DR V Positive Pressure (P) Negative Pressure (N)

U1 4 2

U2 4 5 8 × U1 11 × U1

U7 0.5 2

U8 0.5 5 8 × U7 6 × U7
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When the models U1 and U2, which have the same depth 
ratio of 4, were compared, it was observed that positive 
pressure values around the U2 model, which was exposed 
to 5 m/s wind velocity, are approximately eight times that 
of the U1 model. Besides this, negative pressure values are 
about 11 times greater than U1. When the models U1 and 
U7, which were exposed to 2 m/s wind velocity, were com-
pared, it was observed that there was no significant differ-
ence in terms of positive pressure values. However, sig-
nificant differences were observed in negative pressure 
values. It has been observed that the negative pressure 

values around the U7 model – depth ratio 0.5 – are approx-
imately twice that of the U1 model with a depth ratio of 4. 
The higher pressure changes were noticed in these models.

Based on the velocity distributions, the vortex region 
becomes smaller from the height levels of H/3 to 2H/3. 
This vortex area is larger in the U7 model, with a depth 
ratio of 0.5. The vortex area gets more prominent as 
the depth ratio decreases. In the trace region, velocity 
decreases in all models in the velocity region. However, 
as the height of the model decreases, the velocity drops in 
the track zone increases. When the models of U1 and U2, 
which were exposed to the same depth ratio and different 
wind velocities, were compared, it was noticed that the U2 
model had considerable high-pressure values. Moreover, 
while the pressure areas on the side surfaces of the U2 
and U8 models, which are exposed to high wind velocity, 
decrease with height, an increasing trend is observed for 
U1 and U7, which are exposed to low wind velocity.
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