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Abstract 
Purpose  
This study researches a numerical analysis of pressure distributions of wind on irregular buildings 
over wind angles of 0° and 180° with different projection ratios(PR). Wind is an important design 
parameter that should be considered at the initial part of the design phase in terms of energy 
potential. For this reason, wind effects in building design is extensively analyzed in this study. The 
study aims to analyze the effect of irregular building form, projection ratios, the re-entrant corner 
distances and wind incidence angles on the wind flow and on pressure distributions of wind at all 
surfaces. 
Design/Methodology/Approach  
Two L-shaped and T-shaped building models which have the identical building area and building 
height but have different projection ratios were analyzed by Computational Fluid Dynamics (CFD) of 
ANSYS. In line with the aim, pressure distributions of wind on and around various irregular buildings 
are analyzed for the same height level. Model dimensions were reduced to 1/100 scale to save 
computing time. 
Findings  
From the study, it has been noticed that the plan shape, projection ratios, distances from the re-
entrant corner, considerably influence the wind behavior of buildings. It was noticed that when 
projection ratio decreased to half, the negative pressure values two times greater in L and T models. 
When L and T models with the same building area are compared, the highest negative pressure was 
seen in the L model with the highest projection ratio PR (0.80). In all T models, the highest negative 
pressure coefficients were noticed on D and F surfaces for both wind angles. In all L models, the 
highest negative pressure coefficients were found on F surface for both wind angles. 
Originality/Value  
Studies on the effects of wind on the building are generally seen as an engineering problem. There 
are limited number of studies on this subject in architecture. However, this is an issue that needs to 
be investigated, which also concerns architecture. There are many studies in the literature on the 
wind behavior of irregular buildings. However, projections in plan and distances from the re-entrant 
corner’s effect on pressure coefficients were not be studied comprehensively. The obtained results 
from the CFD analysis will provide extensive information related to wind effects on buildings. this 
resource will create awareness about wind for architects and architecture students and can be used 
as a resource in the design phases. 
 
Keywords: Building form, projections, wind pressure coefficients, computational fluid dynamics 
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INTRODUCTION 
Wind is an important design parameter that should be considered at 
initial part of the design phase. Understanding the behavior mechanism 
of buildings under the influence of wind is important in designing our 
buildings correctly. It is possible to notice a rising interest in analyzing 
wind load effects on buildings in engineering field.  
Wind pressure is a significant design output parameter for analyzing the 
response of all surfaces of buildings under the wind loads. Wind pressure 
depends on various factors such as building dimension and shapes, wind 
incidence angle, built environment and wind characteristics (Xu, Yang, 
Yoshida, and Tamura (2017); Mou et al., (2017); Zhao and He (2017), 
2017; Sy, Yamada, and Katsuchi (2019); Li et al., (2020);Y. He et al. 
(2019).  
Mean pressure coefficients are one of the crucial design parameter to 
perceive wind load effects on buildings. Generally, buildings are 
organized considering medium pressure coefficients for a curtain 
surfaces and medium pressure coefficient may vary highly in case of the 
buildings designed having irregular form. The wind analysis of buildings 
having irregular forms are extremely complicated due to the complex 
flow mechanism in irregular formed buildings. Examining the medium 
wind pressure coefficients on all surfaces of the buildings having 
irregular plan shaped is significant. Besides, pressure distribution on all 
surfaces will guide related to wind characteristic of buildings 
(Bhattacharyya and Dalui (2018); Bairagi and Dalui (2020); Mallick et al., 
(2020); Liu et al., (2020); Chen et al.,(2021), Kummitha et al.,(2021); Zhou 
et al., (2021); Hu et al., (2019); Peng et al., (2020). It has been mentioned 
in many studies that the effect of pressure distribution is quite 
complicated in irregular formed buildings. (Bandi et al.,  2013); R.Kar and 
Dalui (2016); Tanaka et al.,(2012); Bhattacharyya and Dalui (2020); Liu 
et al. (2020); Sanyal and Dalui (2020)). Mallick et al. (2020) analyzed 
wind behavior of buildings via the corner modifications and various wind 
angles (Mallick, Kumar, & Patra, 2019). Bhattacharyya and Dalui 
examined E formed high buildings wind behavior. (Bhattacharyya & 
Dalui, 2018). Sanyal and Dalui (2021) were analyzed internal corners 
effects on wind behavour of Y formed high building. Medium pressures 
and wind load effects were analyzed in detail for different angle. (Sanyal 
& Dalui, 2021).  Paul and Dalui (2021) analyzed on optimum form for a 
regular formed high building exposing wind load. They aim to minimize 
pressure coeffieints on all facades. (Paul & Dalui, 2021). Al-Najjar and Al-
Azhari (2021) studied wind effects on different formed tall buildings. (Al-
Najjar & Al-Azhari, 2021). Bairagi and Dalui (2020) examined pressure 
variation on a regular and setback high-rise buildings. The authors 
created the buildings having various setbacks (Bairagi & Dalui, 2020).  
Jendzelovsky and Antal (2021) investigated on pressure variations on tall 
buildings for an equilateral acute triangle  form with experimentally and 
numerically (Jendzelovsky & Antal, 2021). The aerodynamic behavior of 
other irregular forms as E form (Bhattacharyya, Dalui, & Ahuja, 2014) and 
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C form (Mallick et al., 2019) was evaluated for many wind incidence 
angle. Pal, Raj, and Anbukumar (2021). Pal et al. (2021) investigated on 
wind behavior of square and fish formed high-rise buildings (Pal et al., 
2020).  Behera et al.,(2020) studied on wind tunnel tests in order to 
explore the effect of buildings on each other for different ratios in plan. 
The highest pressure values on windward facade of the main model were 
examined. It was noticed that the highest pressure coefficients reduced 
related to the approaching the main model. Tse et al., (2021) examined 
the corner effects on wind behavior, especially on pressure distributions 
on surfaces. It was noticed that the decrease in the corner ratios were 
more effective for minimize the wind behavior.  (Tse et al., 2021).  
To receive the wind effects on buildings, four methods have been 
discovered and followed from past to present. These are full-scale 
measurements, wind tunnel tests, theoretical studies and simulations. 
However, these field studies are both time-consuming and costly. In 
recent years, numerical approaches based on computational fluid 
dynamics (CFD) simulations are being commonly utilized architects for 
many studies related to understanding the wind behavior. Computational 
Fluid Dynamics (CFD) method is more economical and commonly 
accessible compared to the other methods. It provides solving the 
complex flow conditions via strong mathematical equations 
(Weerasuriya, 2013). CFD have a significant role in every stage of 
building design.  
Various researches have been realized in order to investigate wind flow 
and understand wind behavior of buildings. There is considerable study 
related to regular forms such as square and rectangular building forms. 
However, there in not more comprehensive studies related on irregular 
plan shaped buildings.   
Ahmad and Kumar (2002) examined the plan shape effect on pressure 
distributions in low-rise buildings. Gomes et al., (2005) analyzed the L 
and U formed buildings. They noticed that models present similar 
behavior for normal wind angle different form the other angles.  Kushal 
et al., (2013) realized that the building form greatly influenced the 
pressure distributions of wind on all surfaces. Verma et al., (2013) 
studied the wind angle effects for regular plan formed models. 
Bhattacharyya et al. (2014) examined  pressure variations for all surfaces 
of E formed model for various wind angles. Chakraborty et al., (2014) 
analyzed of + formed models. They comprised the obtained results from 
the wind tunnel with simulations. Mukherjee et al., (2014) studied on the 
effects of wind on Y plan formed high rise buildings via measurements 
and CFD analysis. The results show a good agreement. 
The wind effects on buildings is quite significant in the architectural field 
that should be perceived. This study presents the CFD analysis for L and 
T shaped models to examine wind pressure variations for wind angles of 
0° and 180°. The aim is to analyze the effect of irregular plan shapes, 
projection ratios and wind incidence angles on the wind behavior of 
buildings. Wind pressure distributions on all surfaces for L and T formed 



Tuğba İnan Günaydın     
 

 

D
O

I: 
10

.1
53

20
/I

CO
NA

RP
.2

02
1.

17
5 

649 

models are studied in detail over the wind angle of 0° and 180°. This 
research intends to explore the wind effects on buildings having different 
irregular plan geometries. Two L and T shaped buildings were designed 
to have the same height and building area. The models having different 
projection ratios were analyzed by CFD of ANSYS. From the analysis, wind 
pressure variations on and around various irregular formed models are 
examined. The obtained comprehensive results from the CFD analysis 
will provide extensive information related to wind effects on and around 
buildings. Architects and architectural students can utilize from the 
results at the beginning of the design stage.  
  
METHODOLOGY 
To design numerical models properly and provide reliable findings, 
various parameters must be taken into account. The significant ones are 
computational domain, meshing, boundary conditions, solver settings, 
and control of residuals. If parameters are not well considered, the 
analysis represent unrealistic results. ANSYS FLUENT 20.0 software is 
used in this research. Computational Fluid Dynamics (CFD) e of is used 
for the analysis. In recent years, the use of numerical analysis has become 
widespread by ANSYS-FLUENT among architects and engineers. 
In this study model dimensions were reduced to 1/100 scale to save 
computing time. CFD analysis consist of three part as computational 
domain, meshing and boundary conditions The process of the research is 
presented in Table 1. Each step of the research is presented 
comprehensively. 
 
Computational Domain and Meshing  
The computational area must be large enough to avoid reflection of fluid 
flows that can create extreme pressure zones around the buildings 
(Franke, 2006). Also, the distances around the models should be distant 
enough in order to allow the wind flow improvement. (He et al., 2014).  
Huang et al., (2005) displayed the computational domains for high-rise 
single models. The distance between the top of model and computational 
domain and the distance from the inlet should be at least 5H. H is building 
height. Besides, side distances of computational domain are 2 to 3 times 
greater than the building width (W). Besides, the distance between the 
back side of the building and outlet boundary is proposed minimum 15H 
(Franke, 2006). Tominaga et al. (2008)  proposed 5H for side boundaries 
and inlet and minimum 10H from the outlet (Tominaga et al., 2008). 
Designing the computational domain correctly is considerably significant 
in terms of obtaining reliable results  (Blocke et al., 2007). 
 
 
 
 
 
Table 1. Flowchart of the study 
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In this research, the distance is 5H from the sides, inlet and top surfaces. 
Also, the distance from the outlet is 15H (Figure 1). The used grid type is 
a hexahedra grid. The maximum skewness values, mesh quality and other 
parameters for the prediction are provided. Model dimensions were 
reduced to 1/100 scale to save computing time. The position of model in 
computational domain is shown in Figure. 1. 
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Boundary Conditions  
Boundary conditions are considerably significant on solutions inside the 
computational domain. Therefore, they should be chosen properly for the 
reliable results in numerical simulations (Franke, 2006). Inlet, outlet, side 
and top surfaces boundary conditions are considerably significant. In this 
research, inlet boundary is assumed as velocity inlet. Side and top 
surfaces assumed as having symmetric boundary conditions. Besides, 
ground has no-slip. The chosen turbulent model is realizable k-𝜀𝜀 for the 
analysis.  
Boundary layer wind flow near the windward surface was created in the 
inlet of the domain utilizing power law: 
         U/UH = (Z/ZH)α…………………………………………………………………(1) 
Where U is the horizontal wind velocity at an elevation Z; UH is the 
velocity at the reference elevation ZH (10 m/s); ZH is the boundary layer 
height (1.0 m) and α is power law index (0.133). 
 
For solving the pressure-velocity coupling, SIMPLE algorithm of Patankar 
was used (Patankar, 1980). Moreover, Second-Order Upwind Scheme 
was driven for the terms convection and viscous terms. In the study, the 
convergence criterion was assumed as 10-7. 
 
Models 
Two L and T formed models designed as having the same plan area and 
height but having different projections in plan. Wind pressure 
coefficients were analyzed numerically on irregular formed building 
models over wind incidence angles of 0° and 180°. The aim is to analyze 
the effect of plan shape, the reentrant corner, projection ratio of wing and 
wind incidence angles on the wind behavior on buildings. Models could 
be categorized according to building form and their dimensions including 
projection ratio of wing (PR) ratio according to both x and y direction.  
Information about the models is given in Figure 2 and Table 2 in detail. 
Projection value (PR) is calculated for both x and y direction. It is assumed 
as the ratio of the wing to the whole length. All of the models have same 
projection ratio of 0.66 on y direction. The surfaces on models were 
denoted with letters as presented in Figure 2. All of the models have 
projection irregularity in plan which is coded A3 irregularity in the 

Figure 1. Computational 
Domain 
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Turkish Earthquake code. They are all designed as having a building 
height of 30 m. While the model L1 and T1 have the same building area of 
500 m2, the model L2 and T2 have the same building area of 700 m2. 

 

 
              L1                                                 L2 
 

 
                          T1                                                         T2 
 

Table 2. Projections and computational domain information 

 PR1 
(x) 

PR2 
(y) 

Computational Domain (m) 
Model X x Y x Z 

L1 0.66 0.66 330 x 180 x 630 
L2 0.80 0.66 350 x 180 x 630 
T1 0.33 0.66 330 x 180 x 630 
T2 0.4 0.66 350 x 180 x 630 

 
           

 
 

Wind 0o

Wind 180o

Figure 2. Building models 
 

Figure 3. Horizontal lines for 
pressure coefficients 
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To examine wind characteristics of on L and T plan-shaped models, 
pressure coefficients are sliced at the height level of 2H/3, H/2 and H/3, 
as presented symbolically in a simple square form on Figure 3. Another 
important point investigated in the study is the changes in the pressure 
coefficients as they move away from the reentrant corner points. 
Therefore, vertical lines are created on B and C surfaces. These lines are 
at a distance of 10mm, 20mm, 40mm, 60 mm, 80 mm and 100mm 
respectively from the corner point according to 1/100 scale (Figure 4). 
 

        

 
RESULTS AND DISCUSSION 
In the study, wind pressure and velocity variations on and around for L and 
U formed models were analyzed in detail based on the changes in projection 
ratios, building areas, distances from reentrant corners and height levels. The 
obtained findings from the CFD simulations is analyzed comprehensively in 
this section.  
 
Variations on Pressure Coefficients at Model Surfaces  
The variations on pressure coefficients were analyzed compressively for 
all surfaces of all models. The models have the same projection ratios on 
Y direction. However, they have different projection ratios on X direction. 
All models were analyzed for wind incidence angle of 0o and 180o. The 
distribution of pressure coefficients on the surfaces of models were 
presented in Table 3-4. 
The model denoted as L1 is a 30 m irregular building having a L plan 
shaped and it has a projection ratio (PR) of 0.66 on both X and Y direction. 
Wind pressure coefficient distributions on L1 plan shape building model 
over wind incidence angles of 0° and 180° are illustrated in Figure 5-6. 
In L1 and L2 model with an incidence angle of 0°, the surfaces coded as A 
and C exposed to pushing forces and take positive pressure coefficients. 
A and C surfaces can be called as a windward surface. On the other hand, 
leeward and side surfaces take negative pressure coefficients. The 
surface coded as E behave like a leeward surface and F and D the side 
surfaces for incidence angle of 0°. 
In L1 and L2 model with an incidence angle of 180°, the surface E is 
windward surface and take positive pressure coefficients. However, 
negative pressures are observed on E surface nearest to side surfaces 

Figure 4. Vertical lines 
position 
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both D and F surface and on the top surface. All the other surfaces take 
negative pressure coefficients. 
 
Table 3. The highest and lowest pressure coefficients for all surfaces of all models 
for wind incidence angle of 0o 

 L1 

 

L2 

PRx :0.66, 
PRy:0.66 

Area:500m2 

PRx :0.80, 
PRy:0.66 

Area:700m2 
max. cp 

(+) 
max. 
cp (-) 

max. 
cp 
(+) 

max. 
cp (-) 

A 0.767 -0.543 A 0.778 -0.600 
B 0.657 -0.576 B 0.683 -0.771 
C 0.707 -0.676 C 0.700 -0.824 
D - -0.705 D - -0.737 
E - -0.452 E - -0.511 
F - -1.107 F - -1.234 

 

T1 

 

T2 
PRx :0.33, 
PRy:0.66 

Area:500m2 

PRx :0.40, 
PRy:0.66 

Area:700m2 
max. cp 

(+) 
max.cp 

(-) 
max. 

cp 
(+) 

max. 
cp (-) 

A 0.894 - A 0.869 - 
B 0.225 -0.226 B 0.413 -0.288 
C 0.500 -0.182 C 0.777 -0.288 
D 0.368 -0.677 D 0.188 -0.794 
E - -0.296 E - -0.384 
F 0.360 -0.673 F 0.177 -0.787 
G 0.490 -0.108 G 0.776 -0.301 
H 0.229 -0.216 H 0.417 -0.301 

 
In L1 model for the incidence angle of 0°, the surface A behaves windward 
surface and take positive pressure coefficients. However, negative 
pressures are observed on A surface nearest to the F surface and on top 
surface. This is similar in L2 model. While, maximum positive pressure 
coefficient on the surface A of L1 model was 0.767, absolute value of 
maximum negative pressure was 0.543. B surface expose to both positive 
and negative forces. Negative forces were observed on the top of the L1 
model nearest to the reentrant corner. Besides, higher positive pressure 
coefficients were observed nearest to the surface C. It is similar in L2 
model. While, maximum positive pressure coefficient was 0.657 on the B 
surface, absolute value of maximum negative pressure was 0.576. C 
surface behave like a windward surface. However, negative pressure 
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coefficients are observed on the C surface nearest to D surface and on top 
surface. This condition is similar with L2 model. On the C surface, 
maximum positive pressure coefficient was 0.707, the absolute value of 
maximum negative pressure was 0.676. D and F surfaces are side surfaces 
and they are directly under negative pressure. While the maximum 
absolute negative pressure coefficient was 0.705 on D surface, it was 
1.107 on F surface. E was the leeward surface and expose to negative 
pressure. On the E surface, maximum negative pressure was 0.452. 
In L1 model for the incidence angle of 0°, negative pressure coefficients 
on side surfaces (F and D) are higher than the leeward surface (E). The 
greatest negative pressure coefficients were observed on surface F 
(1.107). Besides, the maximum positive pressure coefficient was 
observed on the A surface (0.767). 
 
Table 4. The highest and lowest pressure coefficients for all surfaces of all models 
for wind incidence angle of 180o 

 L1 

 

L2 

PRx :0.66, PRy:0.66 
Area:500m2 

PRx :0.80, 
PRy:0.66 

Area:700m2 
max. cp 

(+) 
max. cp (-

) 
max. 

cp 
(+) 

max. 
cp (-

) 
A - -0.400 A - -

0.43
9 

B - -0.342 B - -
0.38

8 
C - -0.342 C - -

0.38
8 

D - -0.654 D - -
0.73

1 
E 0.727 -0.544 E 0.73

3 
-

0.69
4 

F - -1.069 F - -
1.24

9 

 

T1 

 

T2 

PRx :0.33, PRy:0.66 
Area:500m2 

PRx :0.40, 
PRy:0.66 

Area:700m2 
max. cp 

(+) 
max.cp 

(-) 
max. 

cp 
(+) 

max. 
cp (-

) 
A - -0.252 A - -

0.30
6 

B - -0.334 B - -
0.36

7 
C - -0.334 C - -

0.36
7 
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D 0.094 -0.770 D 0.06
7 

-
0.81

2 
E 0.769 -0.141 E 0.73

4 
-

0.25
5 

F 0.107 -0.766 F 0.06
8 

-
0.79

2 
G - -0.329 G - -

0.37
4 

H - -0.328 H - -
0.36

5 
 
In L1 model for the incidence angle of 180°, the surface E is windward 
surface and take positive pressure coefficients. However, negative 
pressures are observed on E surface nearest to side surfaces both D and 
F surface and on the top surface. All the other surfaces take negative 
pressure coefficients. The maximum absolute negative pressure 
coefficient on surface A was 0.400. B and C surfaces showed similar 
behavior. The maximum absolute value of pressure coefficient was 0.342 
on both B and C surfaces. The maximum absolute negative pressure 
coefficient was 0.654 on the D surface.  Also, E surface showed the 
greatest positive pressure coefficient was 0.727. Besides, the greatest 
absolute negative pressure coefficient was 0.544 on that surface. 
Moreover, in L1 model for incidence angle of 180o the greatest negative 
pressure coefficient was 1.069 on the surface F. 
 

 
 
 

Figure 5.  Mean Pressure 
coefficients in Model L1 for 0˚ 
wind incidence angle 
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While, maximum positive pressure coefficient on the surface A of L2 
model was 0.778, greatest pressure coefficient was 0.600. On B surface, 
maximum positive pressure coefficient was 0.683 and greatest negative 
pressure was 0.771. On C surface, greatest positive pressure coefficient 
was 0.700 and the greatest negative pressure was 0.824. While the 
greatest negative pressure coefficient was 0.737 on D surface, it was 
1.234 on F surface. On the E surface, the greatest negative pressure was 
0.511. 
For L2 model for the incidence angle of 0°, Negative pressure values on 
the side surfaces (F and D) are higher than negative pressure values on 
the leeward surface (E). Moreover, Surface C displays more critical 
negative pressure coefficients than the E surface. The greatest negative 
pressures coefficients were observed on surface F (1.234). Besides, the 
maximum positive pressure coefficient was observed on the A surface 
(0.778). 
In L2 model for wind angle of 180°, the maximum negative pressure 
coefficient on surface A was 0.439. B and C surfaces showed similar 
behavior. The greatest pressure coefficient was 0.388 on both B and C 
surfaces. The greatest negative pressure coefficient was 0.731 on D 
surface.  Also, E surface which was the windward surface, showed the 
greatest positive pressure coefficient was 0.733. Besides, the greatest 
negative pressure coefficient was 0.694 on that surface. Moreover, the 
greatest negative pressure coefficient was 1.249 on surface F. (Figure 7-
8). 
 

Figure 6. Mean Pressure 
coefficients in Model L1 for 
180˚ wind incidence angle 
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In T1 and T2 model with an incidence angle of 0°, the surfaces coded as 
A, G and C exposed to pushing forces and take positive pressure 
coefficients. In that condition, A, G and C surfaces behave like a windward 
surface. On the other hand, negative pressure coefficients were observed 
in all surfaces except A surface, and positive pressure coefficients are 
noticed except E surface. E is the leeward surface for 0°wind angle. 
 

 

Figure 7. Mean Pressure 
coefficients in Model L2 
for 0˚ wind incidence 
angle 
 

Figure 8. Mean Pressure 
coefficients in Model L2 
for 180˚ wind incidence 
angle 
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In T1 and T2 model with an incidence angle of 180°, the surface E is 
windward surface and take positive pressure coefficients. However, 
negative pressures are observed on E surface nearest to side surfaces 
both D and F surfaces. Positive pressure values are observed at a small 
value in the regions of the D and F surfaces close to the G and C surfaces. 
All the surfaces take negative pressure coefficients. 
In T1 model for the incidence angle of 0°, maximum positive pressure 
coefficient on surface A was 0.894. It did not have negative pressure 
coefficient. All the other surfaces have both positive and negative 
pressure coefficients. B and H surfaces expose to both positive and 
negative forces and these values are similar. While, greatest positive 
pressure coefficient was 0.229 on H surface, greatest negative pressure 
was 0.226. On C and G surfaces, greatest positive pressure coefficient was 
0.500 and the greatest negative pressure coefficient was 0.182. D and F 
surfaces are side surfaces. While the greatest negative pressure 
coefficient was 0.677, the maximum positive pressure coefficient was 
0.368 on that surfaces. E was the leeward surface and expose to negative 
pressure. The greatest negative pressure coefficient was 0.296 on E 
surface. 
 

 
 
In T1 model for the incidence angle of 180°, the surface E is windward 
surface and take positive pressure coefficients. However, negative 
pressures are observed on E surface nearest to side surfaces both D and 
F surface. Besides, D and F, the side surfaces take both positive and 
negative pressure coefficients. All the other surfaces take negative 
pressure coefficients. The highest negative pressure coefficient on 
surface A was 0.252. B and C surfaces and G and H surfaces showed 
similar behavior. The maximum absolute value of pressure coefficient 
was 0.334 on that surfaces. The maximum absolute negative pressure 
coefficient was 0.770 on the side surfaces of D and F surface. The greatest 

Figure 9. Mean Pressure 
coefficients in Model T1 
for 0˚ wind incidence 
angle 
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negative pressure coefficients were observed on D and F surfaces. Also, 
the E surface which was the windward surface, showed the highest 
positive pressure coefficient was 0.769. Besides, the greatest negative 
pressure coefficient was 0.141 on that surface. (Figure 9-10). 
 

 
 
In T2 model for the incidence angle of 0°, maximum positive pressure 
coefficient on the surface A was 0.869. It did not have negative pressure 
coefficient. All the other surfaces have both positive and negative 
pressure coefficients except E surface. It shows only negative pressures. 
B and H surfaces expose to both positive and negative forces and these 
values are similar. While, highest positive pressure coefficient was 0.417 
on the H surface, the highest negative pressure was 0.301. The highest 
positive pressure coefficient was 0.777, negative pressure coefficient was 
0.301 on C and G surfaces. D and F surfaces are side surfaces. While the 
greatest negative pressure coefficient was 0.794, the maximum positive 
pressure coefficient was 0.188 on that surfaces. E was the leeward 
surface and expose to negative pressure. On the E surface, the absolute 
value of maximum negative pressure was 0.384. 
In T2 model for the incidence angle of 180°, the surface E is windward 
surface and take positive pressure coefficients. However, negative 
pressures are observed on E surface nearest to side surfaces both D and 
F surface. Besides, D and F the side surfaces take both positive and 
negative pressure coefficients. All other surfaces take negative pressure 
coefficients. The greatest negative pressure coefficient on surface A was 
0.306. B and C surfaces and G and H surfaces showed similar behavior. 
The highest pressure coefficient was 0.374 on that surfaces. The highest 
negative pressure coefficient was 0.812 on the side surfaces of D and F 
surface. The greatest negative pressure coefficients were observed on D 
and F surfaces. On the other hand, the E surface which was the windward 
surface, showed the highest positive pressure coefficient was 0.734 

Figure 10. Mean Pressure 
coefficients in Model T1 
for 180˚ wind incidence 
angle 
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Besides, the greatest absolute value of negative pressure coefficient was 
0.255 on that surface. (Figure 11-12). 
 

 
 

 
 
To summarize the obtained significant results, when L1 and L2 models 
were compared, elongation of the surface C, or in other words, the 
increase of the projection ratio from 0.66 to 0.80, the positive and 
negative pressure coefficients increased in all L-shaped models for both 
0˚ and 180˚ wind incidence angle. These increases are more noticeable in 
negative pressures rather than positive pressures. Moreover, these 
negative pressure coefficient increases are more clearly observed on B, C 
and F surfaces in L models where the wind angle is 0˚. On the other hand, 

Figure 11. Mean Pressure 
coefficients in Model T2 
for 0˚ wind incidence 
angle 
 

Figure 12. Mean Pressure 
coefficients in Model T2 
for 180˚ wind incidence 
angle 
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in L models where the wind angle is 180 degrees, these negative pressure 
coefficient increases are more clearly seen on the D, E and F surfaces. In 
both cases where the wind angle is 0 degrees and 180 degrees, the 
maximum negative pressure in all L models is on the F surface. Moreover, 
In L models, the highest negative pressure was recorded on the F surface 
when the wind angle was 180 degrees as 1.249. When the wind angle is 
180 degrees, similar negative pressures are noticed on the B and C 
surfaces on both L 1 and L2 model. Besides, in the case where the wind 
angle is 0 degrees, a significant increase in negative pressure coefficients 
was observed on C surface in L2 model compared to the L1 model. In 
other words, the increase in the projection ration caused a rise in the 
negative pressure coefficient on the C surface. On the other hand, when 
we look at windward surfaces in L1 and L2 models, when the wind angle 
is 0 degrees, total positive pressure coefficients on A and C surfaces is 
considerably higher than the E surface when the wind angle is 180 
degrees. 
In T models for 0˚ wind incidence angle, with elongation of the surface C 
and G, or in other words, the increase of the projection ratio from 0.33 to 
0.40 in the line of X direction, while the positive and negative pressure 
coefficients on the B, C, G and H surfaces rise, the positive pressure 
coefficients on the D and F surfaces decrease significantly. However, 
negative pressure values increased on D and F surfaces. In addition, a 
slight decrease was observed in the positive pressure coefficient on the A 
surface. Moreover, as the E surface got longer, the negative pressure 
coefficient on its surface increased. With elongation of the surfaces C and 
G, all negative and positive pressure coefficients increased. In T models 
for 180˚ wind incidence angle, with elongation of the surfaces C and G, 
while the positive pressure coefficients on the D, E and F surfaces 
decrease, the negative pressure coefficients increase. In shortly, with 
elongation of the surfaces C and G, while all positive pressure coefficients 
decreased, all negative pressure coefficients increased in T models for 
180˚ wind incidence angle. Besides, in T models for 0˚ wind incidence 
angle, while all negative pressure coefficients increased, positive 
pressure coefficients increased except A, D and F surfaces. When we look 
at windward surfaces in T1 and T2 models, when the wind angle is 0o, 
total positive pressure on A, C and G surfaces is considerably higher than 
the E surface when the wind angle is 180 degrees. While the highest 
positive pressure coefficient was observed in T1 model for 0˚ wind 
incidence angle, the highest negative pressure coefficient was noticed in 
T2 model for 180˚ wind incidence angle. 
 
Pressure coefficients on horizontal lines 
The surfaces are sliced respectively at 2H/3, H/2, and H/3 height level 
were given in Figure 3. In Figure 13, the Cp values of all surfaces were 
given for L1 model for the incidence angle of 0o and 180o. In L1 model for 
the of 0o wind incidence angle, cp coefficients on windward surfaces (A 
and C surface) increased along the height of the building. Moreover, on 
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leeward surface (E surface) and the side surfaces (D and F surface), cp 

coefficients increased slightly along the height of the building. On the 
contrary, cp coefficients on B surface tend to decrease along the height of 
the building. However, these coefficients tend to increase as they near to 
the windward surfaces of the surface of A and C. In L1 model for the of 
180o wind incidence angle, all cp coefficients increased in all surfaces as 
the building height increased. Moreover, this increase is clearly observed 
in the E surface. 
 

 

 
 
 
 

Figure 13. Pressure 
coefficients of L1 model along 
the horizontal lines for 0o 
and 180˚ wind incidence 
angle, respectively 
 



 Numerical Study of Wind induced Pressures on Irregular Plan Shapes   
 

 

IC
O

NA
RP

 –
 V

ol
um

e 
9,

 Is
su

e 
2 

/ 
Pu

bl
is

he
d:

  2
1.

12
.2

02
1 

664 

 

 

 
 

Figure 14. Pressure 
coefficients of L2 model along 
the horizontal lines for 0o 
and 180˚ wind incidence angle, 
respectively 
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In Figure 14, the Cp values of all surfaces were given for L2 model for the 
incidence angle of 0o and 180o. In L2 model for the 0o wind incidence 
angle, cp coefficients on windward surfaces (A and C surface) increased 
along the height of the building. Moreover, on leeward surface (E surface) 
and the side surfaces (D and F surface), cp coefficients increased slightly 
along the height of the building. On the contrary, cp coefficients on B 
surface tend to decrease along the height of the building. However, these 
coefficients tend to increase as they near to the windward surfaces of the 
surface of A and C. In L2 model for the of 180o wind incidence angle, all cp 

Figure 15. Pressure 
coefficients of T1 model along 
the horizontal lines for 0o 
and 180˚ wind incidence angle, 
respectively 
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coefficients increased in all surfaces as the building height increased. 
Moreover, this increase is clearly observed in the E surface. 
In Figure 15, the Cp values of all surfaces were given for T1 model for the 
incidence angle of 0o and 180o. In T1 model for the 0o wind incidence 
angle, while a regular increase or decrease was not observed in the 
pressure coefficients on B,D,F and H surfaces, it was noticed that the 
pressure coefficients increased with height of the building on all other 
surfaces. All these features are similar to the T1 model for the 180o wind 
incidence angle. However, the rise in pressure coefficients is clearly 
observed in A and E surfaces for the 180o wind incidence angle 
(windward and leeward surfaces, respectively). 
 
 

 

 
 

Figure 16. Pressure 
coefficients of T2 model along 
the horizontal lines for 0o 
and 180˚ wind incidence angle, 
respectively 
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In Figure 16, the Cp values of all surfaces were given for T2 model for the 
incidence angle of 0o and 180o. In T2 model for the 0o wind angle, the 
increase in the pressure coefficients is clearly observed in A and E 
surfaces (windward and leeward surfaces, respectively). There was no a 
regular increase or decrease on the other surfaces. In T2 model for 180o 

wind incidence angle, the pressure coefficients tend to increase along the 
building height except surfaces of D and F. Moreover, the rise in the 
pressure coefficients is clearly observed in A and E surfaces for the 180o 

wind incidence angle (windward and leeward surfaces, respectively). 
 
Pressure coefficients on vertical lines  
The changes on pressure coefficient on the vertical lines designed at 
different distances from the corner of the building are shown in Figure 17 
on the L1 formed models for the situation where the wind comes at an 
angle of 0o. It has been noticed that the pressure coefficients decrease on 
B surface as the vertical lines move away from the corner point of the 
building. Furthermore, the pressure coefficients on all vertical lines 
decrease approximately to 5 meters of the building height, then increase 
to 20 meters of the building and then decrease again and negative 
pressure coefficients are noticed following 25th meter. The highest 
positive and negative pressure values were noticed on the line 1 meter 
away from the reentrant corner on the B surface. These highest pressure 
coefficients are 0.65 and -0.57. Also, for L1 model, a regular increase or 
decrease were not observed on the pressure coefficients on C surface, as 
the distance between vertical lines and re-entrant corner increase. The 
highest positive and negative pressure coefficients on surface C were 
noticed on the vertical lines nearest to the middle of the C surface. The 
highest ones were noticed on vertical line which is 10 meter distance 
from the re-entrant corner. In other words, the highest pressure 
coefficients were observed on the vertical line in the middle of the C 
surface. The highest positive and negative pressure coefficients are 0.70 
and -0.67, respectively. Moreover, the behavior of the pressure 
coefficients across the building height is similar to that on the B surface. 
The changes on pressure coefficient on the vertical lines are shown in 
Figure 18 on the L2 formed models for the situation where the wind 
comes at an angle of 0o. On B surface, as the distance between vertical 
lines and the re-entrant corner increase, the pressure coefficients 
decreased as similar to surface B of L2-shaped model. Furthermore, the 
highest positive and negative pressure coefficients noticed on B surface 
were 0.68 and -0.68, respectively. These values were noticed on the 
vertical line from the 1 meter away from the corner. Also, the highest 
positive pressure coefficient on the C surface were noticed on the vertical 
line of 20 meter away from the re-entrant corner. The highest negative 
pressure coefficients were observed on vertical line 6-meter distance 
between the re-entrant corner. The highest positive and negative 
pressure coefficients on C surface are 0.69 and -0.81, respectively. 
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Moreover, the behavior of the pressure coefficients across the building 
height is similar to surfaces of L1 model. 
 

 

 
 
The changes on pressure coefficient on the vertical lines designed at 
different distances from the corner of the building are shown in Figure 19 
on the T1 formed models for the situation where the wind comes at an 
angle of 0o. On B surface, as the distance between vertical lines and re-
entrant corner increase, the pressure coefficients decreased. 
Furthermore, the highest positive and negative pressure coefficients 
noticed on B surface were 0.19 and -0.15, respectively. These values were 
noticed on line 1 meter distance from the re-entrant corner. Pressure 
coefficients on all vertical lines on B surface of the T1 model showed 
similar behavior along the building height except the vertical lines which 
were distanced from 8 and 10 meter away from the re-entrant corner. At 
these vertical lines, the pressure coefficients showed sharp decreases 
along the height of the building. On the other hand, for T1 model, a regular 

Figure 17. Pressure 
coefficients along the vertical 
lines of the L1 model for 
normal incident flow (0o) to 
surface B and surface C 
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increase or decrease were not observed on the pressure coefficients on C 
surface related to the position of the vertical lines. 
 

 

 
 
The greatest positive pressure coefficients on the C surface were noticed 
on the vertical lines nearest to the middle of the C surface from 6-meter 
distance from the re-entrant corner and the highest negative pressure 
coefficients were observed on line distance of 1 meter from the re-entrant 
corner. The highest positive and negative pressure coefficients on C 
surface are 0.47 and -0.13, respectively. Furthermore, the pressure 
coefficients on all vertical lines increased approximately to 25 meters of 
the building height, then decrease and negative pressure coefficients 
were only observed on vertical lines away from 1 meter and 2 meter away 
from the re-entrant corners. 
The changes on pressure coefficient on the vertical lines designed at 
different distances from the corner of the building are shown in Figure 20 
on the T2 formed models for the situation where the wind comes at an 

Figure 18. Pressure 
coefficients along the 
vertical lines of the L2 
model for normal incident 
flow (0o) to surface B and 
surface C 
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angle of 0o. On B surface, as the distance between vertical lines and re-
entrant corner increase, the pressure coefficients decreased. 
Furthermore, the greatest positive and negative pressure coefficients 
noticed on B surface were 0.40 and -0.25, respectively.  
 

 
 

  
 
These values were noticed on line 1-meter distance from the re-entrant 
corner. Pressure coefficients on all vertical lines on B surface of the T2 
model showed similar behavior with T1 model along the building height 
except the vertical lines which were distanced from 8 and 10 meter away 
from the re-entrant corner. At these vertical lines, the pressure 

Figure 19. Pressure 
coefficients along the 
vertical lines of the T1 
model for normal incident 
flow (0o) to surface B and 
surface C 
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coefficients showed sharp decreases along the height of the building. On 
the other hand, for T2 model pressure coefficients were generally 
increased on C surface, as the distance between vertical lines and re-
entrant corner increase. Furthermore, the highest positive pressure 
coefficient on the C surface were noticed on line of 20-meter distance 
from the re-entrant corner. 
 
The highest negative pressure coefficients were observed on vertical 
line 1 meter away from the re-entrant corner. The highest positive and 
negative pressure coefficients on C surface are 0.65 and -0.26, 
respectively. Furthermore, the pressure coefficients on all vertical lines 
decreased up to approximately 5 meters of the building height, then 
increased and again started to decrease from the 25-meter height level 
of the building.  
 

 

 

Figure 20. Pressure 
coefficients along the 
vertical lines of the T2 
model for normal incident 
flow (0o) to surface B and 
surface C 
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Velocity Distributions 
In Figures 21 (a) and 21 (b) the streamlines on mid-horizontal plane and 
on condition of 0o, and 180o wind angle, was given. Wind flows sharply at 
high velocity from the windward surface closest to the windward corners. 
The break and speed up of the flow noticed at the corners and the wind 
flow reverses just behind these corners, creating negative pressure 
regions. At 0o wind angle, two symmetrical eddies appear in the trace 
region of the T-formed building. It was like simple shaped buildings. 
However, solely a huge and unsymmetrical vortex appears behind the 
model at L Shaped building. 
 

       
a) 

       
b)  

 
When wind flow comes to the building the flow divided into two different 
areas as illustrated in Figures 22-24. Nearest to that areas, significant 
flows occur. The leeward surface of the model is usually wake area and 
smaller negative pressures is noticed. This causes drag forces in the 
leeward direction on surface of the building. The separated streams are 
reattached at the building's downwind rear stagnation point.  
Wind flows around the different building forms were presented in 
Figures 22-24. On height level of z=H/3, turbulent flow is observed on the 
side surfaces of the all models. Moreover, the velocity in the track zone 
decreases and reverse flow zones are formed. The greatest velocity 
happens on side surfaces. It is observed that the maximum velocity region 
expanded with increasing height in all models for both wind incidence 
angle on the side surfaces. On the other hand, it is noticed that the drop 

Figure 21. Streamlines around 
the L-shaped and T shaped 
model on the horizontal mid-
plane (H/2), a) normal 
incident flow (0o) and b) 180o 
incident flow, respectively 
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in the velocity in track area reduced with rising in height. At trace region, 
velocity decreases in all models in the velocity region. However, as the 
building height decreases, the velocity drops in track zone increases. 
Velocity region in L2 model is wider than L1 model. On the other hand, 
the velocity region at T2 models is larger than T1 models.  
 

 
a)                                                          b) 

 
 

 
a) 

 
b) 

 
 

Figure 22. Velocity 
distributions around L1 
model for normal incident 
flow (0o) a)z=H/3,b)z=2H/3, 
respectively 

Figure 23. Velocity 
distributions around L2 
model for z=H/3 and 2H/3 
level a) normal incident flow 
(0o) b)180o incident flow, 
respectively 
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a) b) 

 
 

 
a) 

 
b) 

 
Conclusions 
In this study, the variations on pressure coefficients for irregular formed 
buildings were analyzed for wind angles of 0° and 180°. The study aims 
to examine the significance of irregular plan shape, projection ratios, 
wind incidence angles, height levels, building areas and the re-entrant 
corner’s distance on wind flow mechanism and variations on pressure 
distributions. L and T-shaped models which have similar building height 
but have dissimilar plan area and projections in plan were analyzed in 
detail. ANSYS Fluent 20.0 software is applied for analyzing the models. 
Flow is assumed as fully turbulent, steady and three dimensional. From 
analysis broad conclusions were obtained. As a result of the studies, it has 
been observed that the plan shape, wind incidence angle, projection 

Figure 24. Velocity 
distributions around T1 
model for normal incident 
flow (0o) a)z=H/3, b)z=2H/3, 
respectively 

Figure 25. Velocity 
distributions around T2 
model for z=H/3 and 2H/3 
level a) normal incident flow 
(0o) b)180o incident flow, 
respectively 



Tuğba İnan Günaydın     
 

 

D
O

I: 
10

.1
53

20
/I

CO
NA

RP
.2

02
1.

17
5 

675 

ratios of models, distances from the reentrant corner significantly affect 
the wind characteristics of models. The findings were evaluated based on 
projection ratios, wind incidence angles, building areas, the position of 
horizontal and vertical lines and wind flows.   
If models were investigated according to the projection ratios and 
building areas, it was noticed that in L models while the increase in the 
projection ratio (PR) was considerably influence on positive and negative 
pressures. It was significantly observed in negative pressure coefficients. 
All pressure coefficients raise with the expansion of projection ratio (PR). 
On the other hand, it was noticed in all T models for the both wind 
incidence angles that while the positive pressure coefficients decrease 
with increase in the projection ratio and building area, negative pressure 
coefficients rise with the high projection ratios(PR).  With the increase in 
building area, the highest negative pressures were seen in L2 and T2 
models. When L and T models with the same building area are compared, 
the highest negative pressure was seen in the L model with a high PR 
(0.80). In L and T formed buildings, it was noticed that the negative 
pressure coefficients two times greater when the PR value decreased to 
half. In all T models, the greatest negative pressure coefficients were 
noticed on the D and F surfaces for both wind angles. In all L models, the 
greatest negative pressure coefficients were noticed on F surface for both 
wind angles. 
When we looked at the pressure coefficients for building height level of 
2H/3, H/2 and H/3, it was observed that they increased related to 
building height’s increase on all surfaces on all models for both 0˚ and 
180˚ wind incidence angle. On the other hand, when we looked at the 
pressure coefficients on vertical lines which were replaced various 
distances from re-entrant corner, it was observed that the re-entrant 
corners distance significantly effects pressure coefficients. In general, it 
has been observed that the pressure values on the B surface decreased in 
all models, and increased on the C surface as moved away from the re-
entrant corner. 
When wind flows around the different building forms were examined, in 
all models, highest velocity occurs on side surfaces. It is observed that the 
maximum velocity region on side surfaces expanded with increasing 
height. In trace region, velocity decreases in all models. Wind is an 
important design parameter that should be considered from the initial 
stage of architectural design. This research intends to provide an 
awareness on buildings behavior exposing wind loads in order to create 
solutions for different conditions on each part of architectural design 
phase especially architects and architectural students The obtained 
results from the CFD analysis will supply extensive data about the wind 
load effects on irregular buildings. 
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