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Numerical simulation of wind flow around the architectural buildings 
 
 

Abstract. Taking into account the high rate of construction in the modern big cities, it is very important 
to save the natural aerodynamics between the buildings. It is necessary to explore the ventilation of space 
between architectural structures, making a preliminary prediction before construction starting. The most 
optimal way of evaluating is to build a mathematical model of air flow. In this paper considered the 
aerodynamics between two high-rise buildings. A mathematical model of the wind flow around obstacles 
was carried out. In this paper were studied existing criteria about the distance between architectural 
objects and obtained graphics. There were considered elements of program realization of a numerical 
method and the cases of non-stationary two-dimensional flow calculation algorithms. The results of test 
calculations and plot are presented. This mathematical model allows to precisely calculate the optimal 
distance between the two buildings, which will take into account the climatic features, and will preserve 
the natural ventilation. 
Key words: Navier-Stokes equation, large eddy simulation method, splitting method, aerodynamics. 

 
 
Introduction 
 
The high rate of construction in modern cities 

(including the Almaty) leads to the increasing of the 
architectural buildings amount. Due to the increase 
in population and in order to save space, mostly are 
currently constructed high-rise buildings. This leads 
to disruption of the natural aerodynamics of the city. 
Because of this, there is an increase of gas 
contamination of the city, the accumulation of heavy 
metals in the lower atmosphere and disruption of the 
local climate. 

Building norms and rules now used in the 
construction and design of buildings, do not include 
the aerodynamic criteria and coefficients for 
indicating the optimum distance between buildings 
of different heights. The distance between buildings 
is considered to be the clear distance between the 
outer walls and other structures. The distances, 
which are specified between the objects while 
designing the buildings, can not ensure the free 
movement of wind vortex. This leads to disruption 
of the natural air flow. 

 
Mathematical Model 
 
The Navier-Stokes equations, obtained from the 

mass conservation law and Newton's second law, 

are the basis for the construction of mathematical 
model for wind flow around technogenic obstacles. 
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Here   – the velocity vector, t  – time, ρ – the 

density, p  – the hydrodynamic pressure fluid, 
 /  - molecular kinematical viscosity. 

To minimize the number of calculations and 
experimental tests and to get the optimal flow 
pattern, it is necessary to convert all the parameters 
(flow rate, length, etc.) in the dimensionless 
parameters [1, 3-6]. The two streams are 
dynamically similar if dimensionless number, which 
determine flows, are equal. 

Dimensionless variables are described as 
follows: [11-13]: 
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Hence the equation of fluid motion and the 
continuity equation (1) in dimensionless form: 
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Numerical Algorithm 
 
Consider the Navier - Stokes equation in the 

form of integral conservation laws for an arbitrary 
fixed volume   with boundary d  [5, 10]: 
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Grid functions will be defined in the center of 

the cell and the values of flows across the border in 
divided cells. The volume of the cell is denoted by 
grid functions. 

Now we perform discretization of the equation 
(2) by the control volume (CV) and the control 
surface (the CS) 
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A similar representation: 
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For the numerical solution of equation (4) 

splitting scheme by physical parameters is used [2, 
7-9, 12, 13]. At the first stage it is assumed that the 
transfer of momentum carried out only by 
convection and diffusion. The intermediate velocity 
field is found by 5-step Runge - Kutta method. At 
the second stage the pressure field is found based on 
the intermediate velocity field. Poisson equation for 
the pressure field is solved by Jacobi method. In a 
third step it is assumed that the transfer is carried 
out only by the pressure gradient.  
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Boundary Conditions 
 
Two types of boundary conditions are used: 

Dirichlet and Neumann. For the pressure P on all 
borders except the output is used Neumann 
boundary condition. To the velocity components is 
used Dirichlet boundary condition. Here 0u  - the 
input velocity profile. 

 

 
Figure 1 – Scheme of boundary and initial conditions. 
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Computational grid 
 
Computational area was divided into 12 of 

subdomains of different sizes. Each subdomain is a 
grid unit, which contains a portion of a curved, 
irregular, unstructured grid. The number of grid 
points is selected in such way that oscillations 
wouldn’t  arise while solving the problem and the 
results would be correct at high Reynolds numbers. 
Thus, the computational grid contains over 100,000 
control volumes. The mesh condensed between the 
buildings and near the streamlined surfaces of 
buildings. This allows to carry out more accurate 
calculation. Further away from the vortex zone, size 
control volumes increases. 

 
Results  
 
For the experiment, 9 floor (27 meters) and 5 

floor (15 m) buildings have been considered as 

technogenic obstacles. Wind flow conditionally 
moves from high to low buildings. The following 
model examines “calm”, according to the Beaufort 
wind velocities scale. This wind velocity is in the 
range from 0 to 0.2 m/s. Various parameters were 
used to find the optimum distance. They are 
described in Building norms and rules of RK 3.01-
01-2002 [14] and other normative documents. [15] 

Figures 2 - 10 illustrate the results of wind flow 
around the technogenic obstacles for various 
distances between buildings (l = 20; 25; 31; 35 m) 
and for different wind speeds (= 0.1; 0.2 m / s).  

According to the fire protection requirements, 
which are set out in the document [14], the 
minimum distance between the buildings of 4-floor 
height or higher must be not less than 20 meters. 
However, implementation of this model showed that 
at such distance a wind vortex didn't appeared 
between the buildings. Consequently, there is no air 
circulation in this diapason. 

 
 
 

a) b) 

 
Figure 2 - The horizontal velocity components of (v= 0.1 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 20 (m) at different times (at t=0.001, t=2). 
 
 

 
a) b)  

  
Figure 3 - The horizontal velocity components of (v=0.2 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 20 (m) at different times (at t=0.001, t=2). 
 
 

In the following case the length of outbuildings 
(balconies, porch, etc.) has been added to the 
previous value and the distance of 25 m was 

obtained. The results showed that the vortex occurs 
at the initial moment, but over time it disappears, 
that is, wind circulation is intermittent. 
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a) b)  

c)  d)  
Figure 4 - The horizontal velocity components of (v=0.1 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 25 (m) at different times (at t=0.001, t=2). 
 
 
 

a) b)  

  
Figure 5 - The horizontal velocity components of (v=0.2 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 25 (m) at different times (at t=0.001, t=2). 
 
 
 

After that, the standard IBC (International 
Building Code), which is used in the United States, 
was considered. Here, the distance between the two 
buildings is calculated according to the following 
formula [15]: 

 
2 2

1 2( ) ( )MT M M     
 

where MT - the required distance, 21, MM   - the 
height of the first and second buildings respectively.  

The resulting distance between buildings was 
equal to 31 m, and satisfies all the standards 
specified in the national standards. The model also 
showed that the vortex at a given distance wouldn’t 
arise. 
 

 
 

Figure 6 - The scheme of calculating the distance 
between the two high-rise buildings according to IBC 

2009 1613.6.7 [15] 
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a) b)  

 
Figure 7 – The horizontal velocity components of (v=0.1 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 31 (m) at different times (at t=0.001, t=2). 
 
 

a) b)  

c)  d)  
Figure 8 – The horizontal velocity components of (v=0.2 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 31 (m) at different times (at t=0.001, t=2). 
 
 

a) b)  

  
Figure 9 – The horizontal velocity components of (v=0.1 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 35 (m) at different times (at t=0.001, t=2). 
 
 

a) b)  

  
Figure 10 – The horizontal velocity components of (v=0.2 m/s) of flow around the technogenic obstacles with 

streamlines, which are calculated by using the DNS for the distance l = 35 (m) at different times  
(at t=0.001, t=0.5, t=1, t=2). 
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Here the length of outbuildings (balconies, 
porch, etc.) has been added to the previous value 
and obtained an approximate distance of 35 m. The 
model showed that the vortex produced between 
buildings, and therefore the natural aerodynamics 
between buildings is not broken. 

 
Conclusion 
 
In this paper, a mathematical model of wind 

flow around technogenic obstacles was built. It was 
based on full two-dimensional Navier - Stokes 
equations. 

According to data, obtained as a result of the 
study, can be said, that the current standards and 
regulations for construction does not guarantee the 
necessary aerodynamics of the local areas. It should 
be noted that the advantages of this approach is the 
ability to create a model of wind flow around 
buildings as close as possible to reality. Thus, it is 
possible to assess in advance the optimality of the 
selected distance. This prevents the probability of 
choosing the wrong distance between close standing 
buildings, which will lead to a breach of natural 
circulation of air. 
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