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1. INTRODUCTION 
Due to the housing problems of the urban population that 
emerged as a result of industrialization, high-rise apart-
ments and housing estates became common in many cities. 
Positioning buildings appropriately by considering the effe-
cts of wind and pressure in the design phase of these struc-
tures and living spaces affect many parameters such as the 
flow structures created by different pressure areas, effects 
of natural ventilation and energy efficiency in heating and 
cooling. 

Hui et al.[1], examined the effect of the flow between two 
rectangular and square buildings of the same height using 
experiments and the PIV method. Menga et al. [2] nume-
rically examined the effects of different turbulence models, 
flow velocity and grid types on CAARC buildings. As a re-
sult of the analyses, it was observed that the flow separation, 
vortex and dead zone effects were directly affected by wind 
direction and caused a change in pressure. The maximum 
positive wind pressure coefficients occurred at a distance 
of approximately 0.8 - 0.85H to the wind surface and the 
maximum negative surface pressure occurred at the front 
side of the top surface. Tamura et al. [3] conducted resear-
ches in the wind tunnel in low, medium and high buildin-
gs from 0 to 90 degrees in 5-degree intervals and different 

wind directions. At the end of the experiment, the correla-
tion of the absolute values of the wind force components 
was found to be substantial and significant. Zhaoa et al. [4] 
examined the characteristics of high pressure coefficients 
in high building walls and the effect of building shape on 
pressure coefficients. The effects of the height-width ratios 
and height-thickness ratios of oval-shaped building models 
on the pressure coefficient were examined. The results in-
dicated that the windward side of the building was expo-
sed to positive pressure while lateral, rear and top surfaces 
were in negative pressure areas. Xu et al. [5] performed a 
set of wind tunnel tests to examine the winds around 40 
super high building models in various configurations inclu-
ding basic models of the same height, conical and triangular 
models, corner-modified models, composite models, spiral 
models and inclined models. It was observed that circular, 
corner chamfer, sharp-edged, spiral square and polygonal 
models produced the best results in terms of aerodynami-
cs and wind characteristics. Hubova [6] examined the flow 
structures around two buildings placed in a boundary layer 
wind tunnel with obstacles and coarse elements of different 
heights inside. Mean velocity, turbulence intensity, integral 
length turbulence scale and power spectral densities were 
calculated in different wind directions. Wang et al. [7] exa-
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mined the flow pattern, wind capacity and wind energy on 
the canopy roof of a building. The maximum wind potential 
generated by the flow distribution on a reference building 
was determined using various heights, protrusions and the 
inclination angles of the canopy roof. In the results, it was 
found that there was no change under the flat canopy, that a 
slight change occurred when the protrusion was added, and 
that the best wind distribution was achieved in triangular 
canopy models with an inclination angle of 20°. Li et al. [8] 
experimentally examined the wind effects on the 88-storey 
Jin Mao Building in Shanghai, which is the tallest building 
in China with a height of 420.5 meters. Force coefficients 
for different wind directions, wind velocities and abruptly 
changing weather conditions were calculated by measuring 
power spectral densities and acceleration responses. 

In the present study, the flow structures around four con-
secutive buildings placed both horizontally and vertically at 
different distances were examined. The streamline, velocity 
vector and turbulence kinetic energy changes around the 
buildings were presented in the analyses. 

2. MATERIAL METHOD 
The studied building is a building group in the form of a 
housing estate with 4 flats on each floor, 4 blocks and a to-
tal of 12 storeys [9]. In the analyses performed, the sizes of 
the buildings were reduced by 1/250 and the model buil-
dings were designed in the dimensions of 120×100×160mm 
(H). The purpose of building models is to achieve dynamic 
similarity, which is the ideal situation if the model size ra-
tios are the same as the prototype. The building scale was 
determined in accordance with the studies in the literature. 
As shown in Figure 1, the distance between the consecutive 
buildings was displayed as S2 and the distance between the 
adjacent buildings was displayed as S1.  

Figure 1. Building model and mesh structure 

The distances between the buildings have been selected ac-
cording to the Planned Areas Zoning Regulation for Turkey. 
Numerical calculations were made for two different distan-
ces: S1=0.5H-S2=0.5H (Model 1) and S1=H-S2=H (Model 2).  

In the analyses, the mean velocity value was determined as 
12 m/s from the 10-year average meteorology values for Si-
vas [10] and the Reynolds number was calculated as 179000. 
The ANSYS-FLUENT 14.0 program was used for numerical 
calculations [10].  4500000-5000000 quadrilateral elements 
(Figure 1) were used in the 3D analyses. Average skewness 
and mesh quality values for the elements were calculated as 
1.095×10-6 and 0.68064. The RNG k-ε turbulence model and 
Standard Wall Function [10] were preferred in the analyses 
as the flow was turbulent. At the end of the analyses, the 
flow movements at both medium and roof height of the bu-
ilding were obtained and the pressure distributions on the 
surfaces in all directions of the buildings were calculated.

3. RESULT AND DISCUSSION
Figure 2 shows comparison of the pressure coefficient values 
on the building with previous studies [12, 13]. It is observed 
that the distributions of the pressure coefficients on the bu-
ilding surfaces were very close to each other.

Figure 2.  Comparison of the pressure coefficient values   on the building 
with previous studies

Figure 3 shows the streamline, velocity vector and turbulence 
kinetic energy changes at heights of y=0.08 m and y=0.016 m 
if the distances between the buildings are S1=0.5H-S2=0.5H. 
The flow to the front surfaces of the two front buildings were 
separated from the front corners of the buildings by moving 
upwards and downwards from the stagnation point in both 
buildings. The flow that was separated from the bottom 
corner of the building created the vortex rotating counterc-
lockwise behind the building. The flow that was separated 
from the rear corner of the building below created the vor-
tex rotating clockwise behind the building and merging with 
the vortex on the lower side surface. The vortex center is 
symmetrically located in the points x/h=6.1 and z/h=0.3. It 
was observed that there were flow separations on the outer 
side surface of the building although the flow continued wit-
hout generating any vortexes. The flow that was separated 
from the top corner of the two buildings in the back created 
the large vortex rotating clockwise while the flow that was 
separated from the bottom corner created the small vortex 
rotating counterclockwise. The center points were determi-
ned as x/h=7.5 and z/h=0.7 for the large vortex and as x/
h=7.6 and z/h=0.3 for the small vortex. Maximum velocities 
occurred between the front two buildings due to jet flow. 
Turbulence kinetic energy was at the highest value in the 
bottom corner of the front top building and the top corner 
of the front bottom building. Apart from these areas, it was 
observed that the turbulence kinetic energy values around 
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both the front and rear buildings decreased. When the flow 
conditions at roof height were examined (Figure 3, y=0.016 
m), it was observed that vortex formation did not occur. 

While the highest velocity rate was 1.17, minimum veloci-
ties with ongoing effects in a large area occurred on the side 
surfaces of the building. It was observed that both the maxi-
mum velocity and turbulence kinetic energy values were hi-
gher compared to the values at medium height and that the 

changes in the front buildings sustained their effect on the 
building in the back.

In the case of S1=H and S2=H (Figure 4), larger vortexes were 
formed behind the front building with the increase of the 
distance between the buildings and the symmetric vortexes 
that were formed in the rear buildings were at almost the 
same dimensions as the distance S1=S2=0.5H. Larger velo-
city zones were formed behind the front building and jet 

       y=0.08m                                                                                                      y=0.016m

Figure 3. (a) Streamlines (b)velocity vectors (c)velocity distribution (d) turbulent kinetic energy for S1=0.5H - S2=0.5H model
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flow was observed here as well at a weaker level due to the 
vertical increase in the distance between the buildings. In 
this model, as can be observed from velocity distributions, 
the biggest velocity values were obtained in the top and bot-
tom corners of the front building while the velocity changes 
on the buildings in the S1=S2=0.5H model are smaller. When 
the turbulence kinetic energy changes were examined, it 
was observed that the area with the highest kinetic energy 
for the front building extended to the rear of the building. 
The changes in the rear building were observed as similar to 

the case of S2= 0.5H. In roof height (Figure 4, y=0.016m), it 
was observed that the maximum velocities effected a larger 
area in the top and bottom sections of the front buildings. 
Similarly to the kinetic energy changes at the half height of 
the building (H/2), the turbulence kinetic energy changes at 
roof height (H) were at high values in the upper and lower 
sections of the front buildings and very low values in the 
rear buildings .  

Figure 5 shows the velocity and turbulence kinetic energy 

          y=0.08m                                                                                                   y=0.016m

Figure 4. (a) Streamlines (b)velocity vectors (c)velocity distribution (d) turbulent kinetic energy for S1=H - S2=H model
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profiles of the models that were calculated at different points 
in the horizontal direction at the half-height level. Velocity 
values did not decrease in the wake region of the buildings 
and reverse flow zones were formed. It was observed that 
the velocity between the two buildings increased due to jet 
flow. It was observed that while velocity between the rear 
buildings increased in the case of S1=0.5, this change in velo-
city occurred on the front side of the buildings with the inc-
rease in the distance. It was observed that the jet flow effect 
ended at the points x/H=8 and x/H=9 and the decrease in 
velocity continued. This reduction effect in velocity disappe-
ared in the following points. In the turbulence kinetic energy 
profiles behind the model, turbulence 

 
Figure 5. Velocity   and kinetic energy distributions for building medium 

height a) Model 1 S2=S1=0.5H, b) Model 2 S1=S2=H

kinetic energy values increased due to the turbulent boun-
dary layer on the top side surface of the building above and 
the bottom side surface of the building below. This increase 
ended in the following positions behind the model.

Figure 6. Pressure coefficients for the front and rear building in Model 1 
(S1=0.5H, S2=0.5H) a) Front, roof and rear surface (A, E, C) b) Side, roof and 

side surface (B,E,D)

Figures 6 and Figure 7 show the pressure distributions cal-
culated along the middle-axis in the front (A), roof (E) and 
rear (C) surfaces of the front and rear buildings .  In the fi-
gure, it is observed that the pressure coefficients (Cp) on the 
front (A) surface, which was directly exposed to wind, are in 
positive values and increase depending on height. The pres-
sure coefficient was observed to be Cp = -0.5 in the rear bu-
ilding while the maximum value for the front building was 
Cp =0.8. It was observed that the critical pressure value was 
Cp = -1.4 for the front building and Cp = -0.3 for the rear bu-
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ilding due to the flow that was separated from the front cor-
ner of the flat roof (E) and the negative pressure coefficient 

progressively decreased along the middle-axis. On the rear 
(C) surface of the building, it was observed that the negative 
pressure coefficient value was Cp = -0.5 in the front building 
and Cp = -0.3 in the rear building. When the pressure dist-
ributions on the right (B), roof (E) and rear (D) surfaces on 
the front and rear buildings were examined, it was observed 
that the model side surfaces (B and D) and model roof (E) 
were fully under the influence of negative pressure. It was 
observed that the pressure coefficients on the rear building 
surface decreased compared to the front building with valu-
es of Cp = -0.38 in surface B, Cp = -0.31 in surface E and Cp = 
-0.35 in surface D. After the distance between the buildings 
was increased (Figure 7), it was observed that the pressure 
coefficients on the front surface of the first building were 
positive and increased depending on height as was the case 
in the model S1=0.5H and S2=0.5H. The pressure coefficients 
on surface C were higher compared to the previous model. 
The effect of negative pressure continued in surfaces B, E 
and D, and the pressure distribution calculated on surface B 
consisted of higher negative pressure coefficients compared 
to the other surfaces. In the model S1=0.5H and S2=0.5H, 
while the lowest pressure coefficient in surface B was Cp = 
-0.8, the pressure coefficient on the same surface was calcu-
lated as Cp = -0.65 after the distance was increased.

4. CONCLUSIONS
In the present study, the flow structures, turbulence kinetic 
energy changes and pressure coefficients around four buil-
dings that were placed at distances of S1=0.5H-S2=0.5H and 
S1=H-S2=H were examined. It was observed that vortex for-
mation and the flow structures both on the rear building and 
between the two buildings were affected after the distance 
between the buildings was changed. It was seen that the po-
sitive pressure coefficient occurred only on the entire front 
surface of the first building while the front surface of the rear 
building was fully under the influence of negative pressure. 
Side surfaces (B and D), roof and rear surfaces (E and C) in 
all buildings are fully exposed to negative pressure. After the 
distance between the buildings was increased, the pressure 
coefficients decreased, particularly in surfaces A and B.  
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