
ISSN 2518-1726 (Online),  
ISSN 1991-346X (Print) 

 
ҚАЗАҚСТАН РЕСПУБЛИКАСЫ 

ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫНЫҢ 

ƏЛЬ-ФАРАБИ АТЫНДАҒЫ  
ҚАЗАҚ ҰЛТТЫҚ УНИВЕРСИТЕТІНІҢ 

Х А Б А Р Л А Р Ы 

ИЗВЕСТИЯ 
 

НАЦИОНАЛЬНОЙ АКАДЕМИИ НАУК 
РЕСПУБЛИКИ КАЗАХСТАН 
 
КАЗАХСКИЙ НАЦИОНАЛЬНЫЙ 
УНИВЕРСИТЕТ ИМЕНИ АЛЬ-ФАРАБИ 

N E W S 
 

OF THE NATIONAL ACADEMY OF SCIENCES  
OF THE REPUBLIC OF KAZAKHSTAN 

 
AL-FARABI KAZAKH 

NATIONAL UNIVERSITY  

 
 

ФИЗИКА-МАТЕМАТИКА СЕРИЯСЫ 
 

СЕРИЯ ФИЗИКО-МАТЕМАТИЧЕСКАЯ 
 

PHYSICO-MATHEMATICAL SERIES 
 
 

4 (320) 

ШІЛДЕ – ТАМЫЗ 2018 ж. 
ИЮЛЬ – АВГУСТ 2018 г. 

JULY-AUGUST 2018 
 
 

1963 ЖЫЛДЫҢ ҚАҢТАР АЙЫНАН ШЫҒА БАСТАҒАН 
ИЗДАЕТСЯ С ЯНВАРЯ 1963 ГОДА 
PUBLISHED SINCE JANUARY 1963 

 
ЖЫЛЫНА 6 РЕТ ШЫҒАДЫ 
ВЫХОДИТ 6 РАЗ В ГОД 

PUBLISHED 6 TIMES A YEAR 
 
 
 
 
 
 

АЛМАТЫ, ҚР ҰҒА                                          АЛМАТЫ, НАН РК                                           ALMATY, NAS RK  



Известия Национальной академии наук Республики Казахстан  
  

   
2  

 
Б а с   р е д а к т о р ы 

ф.-м.ғ.д., проф., ҚР ҰҒА академигі Ғ.М. Мұтанов 
 

Р е д а к ц и я  а л қ а с ы: 
 

Жұмаділдаев А.С. проф., академик (Қазақстан)  
Кальменов Т.Ш. проф., академик (Қазақстан) 
Жантаев Ж.Ш. проф., корр.-мүшесі (Қазақстан)   
Өмірбаев У.У. проф. корр.-мүшесі (Қазақстан)   
Жүсіпов М.А.  проф. (Қазақстан)   
Жұмабаев Д.С. проф. (Қазақстан)   
Асанова А.Т. проф. (Қазақстан)   
Бошкаев К.А. PhD докторы (Қазақстан)   
Сұраған Д. корр.-мүшесі (Қазақстан)   
Quevedo Hernando проф. (Мексика), 
Джунушалиев  В.Д. проф. (Қырғыстан)  
Вишневский И.Н. проф., академик (Украина)  
Ковалев А.М. проф., академик (Украина)  
Михалевич А.А. проф., академик (Белорус) 
Пашаев А. проф., академик (Əзірбайжан)  
Такибаев Н.Ж. проф., академик (Қазақстан), бас ред. орынбасары 
Тигиняну И. проф., академик (Молдова) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
«ҚР ҰҒА Хабарлары. Физика-математикалық сериясы». 

ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 

Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.) 
Қазақстан республикасының Мəдениет пен ақпарат министрлігінің Ақпарат жəне мұрағат комитетінде 
01.06.2006 ж. берілген №5543-Ж мерзімдік басылым тіркеуіне қойылу туралы куəлік 
 
Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана. 
 
Редакцияның мекенжайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., 220, тел.: 272-13-19, 272-13-18, 
www:nauka-nanrk.kz / physics-mathematics.kz 
 
 
 

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2018 
 

Типографияның мекенжайы: «Аруна» ЖК, Алматы қ., Муратбаева көш., 75. 
 



ISSN 1991-346X                                                                                      Серия физико-математическая. № 4. 2018 
 

 
3 

 
Г л а в н ы й   р е д а к т о р 

д.ф.-м.н., проф. академик НАН РК Г.М. Мутанов 
 

Р е д а к ц и о н н а я  к о л л е г и я: 
 

Джумадильдаев А.С. проф., академик (Казахстан)  
Кальменов Т.Ш. проф., академик (Казахстан) 
Жантаев Ж.Ш. проф., чл.-корр. (Казахстан)   
Умирбаев У.У. проф. чл.-корр. (Казахстан)   
Жусупов М.А.  проф. (Казахстан)   
Джумабаев Д.С. проф. (Казахстан)   
Асанова А.Т. проф. (Казахстан)   
Бошкаев К.А. доктор PhD (Казахстан)   
Сураган Д. чл.-корр. (Казахстан)   
Quevedo Hernando проф. (Мексика), 
Джунушалиев  В.Д. проф. (Кыргызстан)  
Вишневский И.Н. проф., академик (Украина)  
Ковалев А.М. проф., академик (Украина)  
Михалевич А.А. проф., академик (Беларусь) 
Пашаев А. проф., академик (Азербайджан)  
Такибаев Н.Ж. проф., академик (Казахстан), зам. гл. ред. 
Тигиняну И. проф., академик (Молдова) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
«Известия НАН РК. Серия физико-математическая».  

ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 

Собственник: РОО «Национальная академия наук Республики Казахстан» (г. Алматы) 
Свидетельство о постановке на учет периодического печатного издания в Комитете информации и архивов 
Министерства культуры и информации Республики Казахстан №5543-Ж, выданное 01.06.2006 г. 
 
Периодичность: 6 раз в год. 
Тираж: 300 экземпляров. 
 
Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, ком. 219, 220, тел.: 272-13-19, 272-13-18, 
www:nauka-nanrk.kz / physics-mathematics.kz 
 
 
 

© Национальная академия наук Республики Казахстан, 2018 
 
Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75. 
 



Известия Национальной академии наук Республики Казахстан  
  

   
4  

 
E d i t o r  i n  c h i e f 

doctor of physics and mathematics, professor, academician of NAS RK G.М. Mutanov  
 

E d i t o r i a l   b o a r d: 
 

Dzhumadildayev А.S. prof., academician (Kazakhstan)  
Kalmenov Т.Sh. prof., academician (Kazakhstan) 
Zhantayev Zh.Sh. prof., corr. member. (Kazakhstan)   
Umirbayev U.U. prof. corr. member. (Kazakhstan)   
Zhusupov М.А.  prof. (Kazakhstan)   
Dzhumabayev D.S. prof. (Kazakhstan)   
Asanova А.Т. prof. (Kazakhstan)   
Boshkayev K.А. PhD (Kazakhstan)   
Suragan D. corr. member. (Kazakhstan)   
Quevedo Hernando prof. (Mexico), 
Dzhunushaliyev V.D. prof. (Kyrgyzstan)  
Vishnevskyi I.N. prof., academician (Ukraine)  
Kovalev А.М. prof., academician (Ukraine)  
Mikhalevich А.А. prof., academician (Belarus) 
Pashayev А. prof., academician (Azerbaijan)  
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief. 
Tiginyanu I. prof., academician (Moldova) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
News of the National Academy of Sciences of the Republic of Kazakhstan. Physical-mathematical series.  

ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)  
The certificate of registration of a periodic printed publication in the Committee of information and archives of the 
Ministry of culture and information of the Republic of Kazakhstan N 5543-Ж, issued 01.06.2006  
 
Periodicity: 6 times a year  
Circulation: 300 copies  
 
Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,  
www:nauka-nanrk.kz / physics-mathematics.kz 
 
  
 

© National Academy of Sciences of the Republic of Kazakhstan, 2018 
 
Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty 



Известия Национальной академии наук Республики Казахстан  
  

   
48  

N E W S 

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 

PHYSICO-MATHEMATICAL SERIES 

ISSN 1991-346Х 

Volume 4, Number 320 (2018), 48 – 57 
 

UDC 532.517.4.519.6 
 

*A. Issakhov, A. Abylkassymova, M. Sakypbekova 
 

al-FarabiKazakh National University,Almaty, Kazakhstan 
*e-mail: alibek.issakhov@gmail.com 

 

APPLICATIONS OF PARALLEL COMPUTING TECHNOLOGIES FOR 
MODELING OF THE WIND FLOW AROUND THE ARCHITECTURAL 

OBSTACLES WITH THE VERTICAL BUOYANCY FORCES 
 
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. This paper presents numerical solutions of the wind flow 
around the architectural obstacles with the vertical buoyancy forces. An incompressible Navier-Stokes equation is 
used to describe this process. This system is approximated by the control volume methodand solved numerically by 
the projection method. The Poisson equation that is satisfying the discrete continuity equationsolved by the Jacobi 
iterative method at each time step.For check correctness of mathematical model and numerical algorithm is solved 
test problem. The numerical solutions of the backward-facing stepflow with the vertical buoyancy forces, which was 
compared with the numerical results of other authors. This numerical algorithm is completely parallelized using 
various geometric domain decompositions (1D, 2D and 3D). Preliminary theoretical analysis of the various 
decomposition methods effectiveness of the computational domain and real computational experiments for this 
problem were made and the best domain decomposition method was determined. In the future, a proven 
mathematical model and parallelized numerical algorithm with the best domain decomposition method can be 
applied for various complex flows with the vertical buoyancy forces. 

Keywords: domain decomposition method, flow around the architectural obstacles, backward-facing step flow, 
projection method, vertical buoyancy forces, mixed convection. 

 
1 Introduction 
The increased pace of construction in modern large cities and, in particular, Almaty, leads to a 

tightening of architectural structures. Due to the increase in the population of cities and to save space, 
mostly high-rise multi-storey buildings are being built. As a consequence, this entails such consequences 
as a violation of the natural aerodynamics of the city, which in turn leads to increased gas contamination 
of the city, the accumulation of heavy metals in the lower atmosphere, and to the violation of the local 
climate. The building codes and norms currently used in the construction and design of buildings do not 
contain aerodynamic criteria and coefficients indicating the optimal distance between buildings of 
different heights. When determining these standards, various natural and climatic features are taken into 
account, such as wind loads, insolation, etc. Fire safety requirements are also taken into account. 
However, the above-mentioned documents do not take into account the factor of natural aerodynamics of 
space between neighboring buildings. The distance between buildings and structures is considered to be 
the distance between the outer walls or other structures. As a result, when designing, the distances 
between building objects are laid, which can not provide free movement of the wind vortex, which leads 
to a disturbance of the natural air flow. In this thesis, a model of aerodynamics between two high-rise 
buildings is considered. This mathematical model allows you to accurately calculate the optimal distance 
between the two buildings, which will take into account the climatic features and will preserve the natural 
purge. 



ISSN 1991

In ma
geometry 
recirculati
equipment
other heat 

Many
taking into
papers wh
theoretical
isothermal
by many a
Sparrow a
buoyancy 
in the lam
relatively 
two-dimen
investigate
volume m

In thi
in individ
two-dimen
Figure 1. 
and frictio
parameter

 
2. Ma
Consi

behind the
uniform te

heated to 

stepped w

and the ou

infinite, b

-346X            

any technica
or with subs

ion area has a
t in electrica
t exchanger s
y papers are 
o account th
here special 
l methods fo
l flows in flu
authors, like 
and Chuck [1
force on the

minar flow re
high. Ngo an
nsional squa
ed natural c

method. 
s paper cons

dual flows. N
nsional chan
Numerical r

on coefficien
rs [20]. 

athematical 
ider a two-d
e inverse step
emperature e

a uniform te

wall and the r

utlet lower le

but the simu

                     

al flows of 
sequent re-jo
a significant 
al engineerin
surfaces that 
devoted to th

he buoyancy 
attention wa

for detailed s
uid flows is g
Aung [11, 1

17]. Howeve
e flow stream
egime, where
nd Byon [18

are cavity us
convection in

sidered the in
Numerical so
nnel with a 
esults of inte

nts are presen

Figure 1 - Sc

formulation
dimensional l
p of height s
equal to the

emperature, 

reverse side 

ength ex  of t

ulation doma

                      

practical int
ining, are a c
effect on the

ng, cooling c
appear in the
he motion o
forces. The

as paid to b
study of flow
given in pape
12], Aung et 
er, published 
m or the chara
e the velocit
8] studied the
sing the finit
n rectangula

nfluence of b
olutions for 
backward-fa

erest, such a
nted for the p

chematic repres

n of the prob
laminar conv
s, as shown i
 temperature

which can b

is installed 

the channel a

ain is limited

                     

 
49 

terest, like f
common occ
e performanc

channels of tu
e equipment
f a fluid with

e importance
building equi
ws with sep
ers [10-12]. 
al. [13], Aun
paperson th

acteristics of
ty is relativel
e location ef
te element m
ar shells, par

buoyancy for
a laminar m
acing step to
as velocity an
purpose of ill

 
sentation of the 

blem 
vective flow 
in Fig. 1. Th
e of the inle

be adjusted t

as an adiaba

are appropria

d by the len

          Серия 

flow divisio
currence. The
ce of heat tra
urbine blade
. 
h separation 

e of this proc
ipment [1-3]
paration regi
Heat transfe
ng and Work

his topic do n
f heat transfe
ly low, and 

ffect of the h
method. Ozto
rtially heated

rces on the fl
mixed convec
o maintain t
nd temperatu
lustrating the

 

backward-facin

in a vertica
e straight wa

et air 0T . Th

to any desire

atic surface. 

ate dimension

ngth e xL 

физико-мате

ns, with the
e existence o
ansfer device
es, combustio

and reconne
cess is indic
] and develo
ons [4-7]. A
r in the flow
ku [14], Spar
not take into 
er. These effe
when the tem

heater and the
op and Abu-
d from the s

low and heat
ctive airflow
the buoyanc
ure distributi
e effect of bu

ng step flows. 

al channel wi
all of the cha
he stepped w

ed value wT

The inlet len

ns. These len

ie x . The 

ематическая

e sudden ex
of a flow sep
es, for examp
on chambers

ection of flo
ative of the 

oping experim
An extensive
ws has been in

rrow et al. [1
account the 

fects become 
mperature di
e size of the 
-Nada [19] n
side wall by

t transfer cha
w (Pr=0.7) in
cy effect are
ions, re-bind
uoyancy forc

ith a sudden
annel is main
wall below t

. The upper 

ngth of the c

ngths are ass

smaller sect

я. № 4. 2018 
 

xpansion of 
aration and 
ple, cooling 
s and many 

ws without 
number of 

mental and 
e survey of 
nvestigated 
15, 16] and 
strength of 
significant 

ifference is 
heater in a 

numerically 
y the finite 

aracteristics 
n a vertical 
e shown in 
ing lengths 

ces on these 

n expansion 
ntained at a 
the stage is 

part of the 

channel ix  

umed to be 

tion of the 



Известия Национальной академии наук Республики Казахстан  
  

   
50  

channel before the projection has a height, and the large section below the stage has a height shH  . 
Air flows up the channel with mean velocity 0u and uniform temperature 0T . The gravitational force g  in 

this problem is considered to act vertically downwards. 
To describe this physical problem, was used assumption about constant properties, and was used the 

Boussinesq approximation. This system of equations in an immense form can be written in the form: 
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The dimensionless parameters in the equations given above are defined by the formula: 0uuU  , 

0uV  , sxX  , syY  ,    00 TTTT w  , 2
00upP  , Pr , su0Re  ,

  23
0  sTTgGr w  , where α – the temperature diffusion, ν – the kinematic viscosity, and β – the 

thermal expansion coefficient are estimated at the film temperature   2/0 wf TTT  . 

Boundary conditions: 

(a) Inlet conditions: At the point iXX  and sHY 1 : 0uuU i , 0V , 0 . 

where iu  is the local distribution of velocities at the inlet, which is assumed to have a parabolic 

profile and 0uui  an average inlet velocity, that is, given by formula

  22
0 )()(6 sHHsysHyuui   

(b) Outlet conditions: At the point eXX  and sHY 0 : 0 XU , 022  X , 

0 XV . 

(c) on the top wall:At the point sHY /  and ei XXX  : 0U , 0V , 0 . 

(d) on the wall of the upper stage: At the point 1Y  and 0 XX i : 0U , 0V , 

0 Y . 

(e) on the wall of the lower stage: At point 0X  and 10  Y : 0U , 0V , 0 X . 

(f) on the wall below the stage: At the point 0Y  and eXX 0 : 0U , 0V , 1 . 

The last term on the right-hand side of equation (2) is the contribution of the buoyancy force. The 
length of the downstream flow from the simulation area was chosen to be 70 steps ( eX =70). The upper 

length of the design area was chosen to be 5 steps (i.e. iX =5), and the velocity profile at the input area 

was set as parabolic profile, like   22
0 )()(6 sHHsysHyuui  , and temperature was 

chosen as uniform 0T . 
 

3. The numerical algorithm 
For a numerical solution of this system of equations, the projection method is used [21-24]. The 

equations are approximated by the finite volume method [21-23]. At the first stage it is assumed that the 
transfer of momentum is carried out only through convection and diffusion, and an intermediate velocity 
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field is calculated by the fourth-order Runge-Kutta method [21-23]. At the second stage, according to the 
found intermediate velocity field, there is a pressure field. The Poisson equation for the pressure field is 
solved by the Jacobi method. At the third stage it is assumed that the transfer is carried out only due to the 
pressure gradient. At the fourth stage, the equations for the temperature are calculated by the fourth-order 
Runge-Kutta method. 
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4. Parallelization algorithm 
For numerical simulation was constructed a computational meshby using the PointWise software. 

The problem was launched on the ITFS-MKM software using a high-performance computing. This 
numerical algorithm is completely parallelized using various geometric domain decompositions (1D, 2D 
and 3D). Geometric partitioning of the computational grid is chosen as the main approach of 
parallelization. In this case, there are three different ways of exchanging the values of the grid function on 
the computational nodes of a one-dimensional, two-dimensional, and three-dimensional mesh. After the 
domain decomposition stage, when parallel algorithms are built on separate blocks, a transition is made to 
the relationships between the blocks, the simulations on which will be executed in parallel on each 
processor. For this purpose, a numerical solution of the equation system was used for an explicit scheme, 
since this scheme is very efficiently parallelized. In order to use the domain decomposition method as a 
parallelization method, this algorithm uses the boundary nodes of each subdomain in which it is necessary 
to know the value of the grid function that borders on the neighboring elements of the processor. To 
achieve this goal, at each compute node, ghost points store values from neighboring computational nodes, 
and organize the transfer of these boundary values necessary to ensure homogeneity of calculations for 
explicit formulas. 

Data transmission is performed using the procedures of the MPI library [25]. By doing preliminary 
theoretical analysis of the effectiveness of various domain decomposition methods of the computational 
domain for this problem, which will estimate the time of the parallel program as the time calcT  of the 

sequential program divided by the number of processors plus the transmission time comcalcp TpTT  / . 

While transmissions for various domain decomposition methods can be approximately expressed through 
capacity: 

 

22 21 xNtT send
D

com   
2/122 42 pxNtT send

D
com   (5) 

3/223 62 pxNtT send
D

com 
 

 

where 3N – the number of nodes in the computational mesh, p  - the number of processors (cores), sendt – 

the time of sending one element (number). 
It should be noted that for different decomposition methods, the data transmission cost can be 

represented as )(2 21 pxkNtT send
D

com   in accordance with the formula (5), where )(pk  is the 

proportionality coefficient, which depends on the domain decomposition method and the number of 
processing elements used. 
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Figure 3 - Velocity profile with vertical buoyancy forces for dimensionless number Re=50, CT  1 , 5.0fxx , where 

91.2fx . 

 
Figure 4 - Temperature profile with vertical buoyancy forces for dimensionless number Re=50, CT  1 , 5.0fxx , where 

91.2fx . 

 

 
Figure 5 - The contour of the horizontal velocity component with streamlines for dimensionless numbers Re=50, Pr=0.7 and 

Gr=19.1. 
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Figure 6 - Temperature contour for dimensionless numbers Re=50, Pr=0.7 and Gr=19.1 

 
6. Numerical results for real problem 
For the real problem considered a man-made obstacle 9 floors (27 m) and 5 floors (15 m) buildings. 

The wind flow is conventionally moving from the high building side to the low one. The following 
models consider the calm, according to the Beaufort wind speed scale. The speed of wind is in the range 
from 0 to 0.2 m/s. To find the optimal distance, various parameters prescribed in the above-mentioned 
standards were used. 

According to the fire protection requirements specified in Building norms and regulations of the 
Republic of Kazakhstan 3.01-01-2002, 2.12 *, the minimum distance between houses with a height of 4 
floors or more must be at least 20 meters. However, having constructed this model, a result was obtained, 
showing that at such a distance between the buildings, there was no wind, therefore, air circulation does 
not occur in this interval. 

After that, the IBC (International Building Code) standard used in the USA was considered, where 
the distance between two buildings is calculated according to the following formula:

2
2

2
1 )()( MMMT   , where MT  - required distance, 21, MM   - height of the first and 

second buildings, respectively. 
For the calculations, the area was divided into the 14 design subareas of different sizes. Each 

subregion is a grid block, which contains a part of a curvilinear, uneven, unstructured grid. When creating 
a grid, the number of points is chosen in such a way that no oscillations occur in the solution of the 
problem and the results are correct for large values of the Reynolds number. Thus, the constructed grid 
contains more than 100 000 control volumes. 

 

 
 

Figure 7 - Horizontal velocity-component and streamlines with buoyancy force for Pr=0.7 and CT  1  
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Figure 8 - Temperature component with buoyancy force for Pr=0.7 and CT  1  

 
In the interval between the buildings and near the streamlined surfaces of buildings, the grid is 

thickened, i.e. the sizes of control volumes decrease. This allows for more accurate simulations. As the 
grid is removed from the vortex zone and the dimensions of the control volumes increase the flow around. 
Therefore, in areas that are not of great interest in solving a given problem, net catch is smaller. And in 
the most important zones for the model, the number of nodes is greater, which allows obtaining more 
accurate results. 

In figure 7 shows horizontal velocity-component and streamlines with buoyancy force for Pr=0.7 and 
CT  1 . In figure 8 can be seen temperature component with buoyancy force for Pr=0.7 and 
CT  1 . The distance obtained for existing buildings was 31 m and satisfied all the standards specified 

in the republican standards. This model also showed that a vortex does not occur at a given distance. In 
the following case, the length of extensions to the buildings (balconies, porches, etc.) was added to the 
previous value and an approximate distance of 35 m was obtained. This model showed that a vortex in the 
gap occurs and therefore the natural purging between buildings is not broken. 

 

7. Conclusion 
Numerical studies of the laminar flow were carried out by the zone of joining the flows behind the 

backward-facing step with taking into account the buoyancy forces. This gave a deeper insight into the 
internal flow behind the backward-facing step and the processes of flows reconnection under the influence 
of temperature effects, which in turn gave an idea of the further appearance of secondary zones. The 
distance from the ledge to the canal boundary is 4 times the channel height, for a more detailed study of 
the backward-facing step flows withtaking into account the buoyancy forces [20]. The numerical data of 
the velocity distribution showed the formation of a primary reattachment zone of backward-facing step 
flows. To numerically solve the Navier-Stokes equations system, the projection methodwas used. From 
numerical results can be seen that the realized numerical method gives a small error in comparison with 
the numerical results of other authors [20] for the dimensionless numbers Re=50, Pr=0.7 and Gr=19.1. 

After testing the numerical algorithm with the buoyancy forces, for the real problem considered a 
man-made obstacle with 9 floors (27 m) and 5 floors (15 m). In this problem, the wind speed was 
regarded as calm, according to the Beaufort wind speed scale (from 0 to 0.2 m/s). According to the data 
obtained as a result of the numerical simulation taking into account the buoyancy forces, it can be said 
that the current standards and rules for construction do not guarantee the required aerodynamics of the 
terrain. 

Also in this paper is used a parallel algorithmto obtain fast numerical results. This parallel algorithm 
is based on one-dimensional, two-dimensional and three-dimensional domain decomposition method. The 
numerical results from the 3D cavity flow test problem, which used 1D, 2D and 3D domain 
decomposition method showed that 3D domain decomposition is not time-consuming compared to 2D 
domain decomposition, for the number of processors that does not exceed 250, and 3D domain 
decomposition has more time-consuming software implementation and the use of 2D domain 
decomposition is sufficient for the scope of the problem. That’s why for backward-facing step flow with 
vertical buoyancy force is used 2D domain decomposition. It should also be noted that setting the 
boundary conditions is an important process. In the future, this mathematical model and a parallel 
numerical algorithm can be applied to various complex flows taking into account the buoyancy forces. 
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ПРИМЕНЕНИЕ ТЕХНОЛОГИЙ ПАРАЛЛЕЛЬНЫХ ВЫЧИСЛЕНИЙ ДЛЯ МОДЕЛИРОВАНИЯ 
ВЕТРОВОГО ПОТОКА ВОКРУГ АРХИТЕКТУРНЫХ ПРЕПЯТСТВИЙ С ВЕРТИКАЛЬНЫМИ 

СИЛАМИ ПЛАВУЧЕСТИ 
 
Аннотация. Принимая во внимание высокие темпы строительства в современных крупных городах, 

очень важно сохранить естественную аэродинамику между зданиями. Необходимо исследовать аэродина-
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мику между архитектурными сооружениями, сделав предварительное прогнозное исследование перед 
началом строительства. Наиболее оптимальным способом оценки является построение математической 
модели воздушного потока. В настоящей работе представлены численные решения ветрового потока вокруг 
архитектурных препятствий с вертикальными силами плавучести. Для описания этого процесса 
используется несжимаемое уравнение Навье-Стокса. Эта система аппроксимируется методом контрольного 
объема и решается численно методом расщепление по физическим параметрам. Уравнение Пуассона, 
удовлетворяющее уравнению дискретной непрерывности, решаемому итерационным методом Якоби на 
каждом временном шаге. Для проверки правильности математической модели и численного алгоритма 
решена тестовая проблема. Численные решения обратного потока с вертикальными силами плавучести, 
которые сравнивались с численными результатами других авторов. Этот численный алгоритм полностью 
распараллеливается с использованием различных методов геометрических декомпозиций (1D, 2D и 3D). В 
работе проделан предварительный теоретический анализ различных методов декомпозиции вычислительной 
области и реальных вычислительных экспериментов для этой задачи, и был определен наилучший метод 
разложения доменов. В будущем для различных сложных потоков с вертикальными силами плавучести 
может быть применена проверенная математическая модель и параллельный численный алгоритм с 
наилучшим методом декомпозиции доменов. 

Ключевые слова: метод декомпозиции доменов, обтекание архитектурных препятствий, обратный 
поток, метод проецирования, вертикальные силы плавучести, смешанная конвекция. 

 
А. Исахов, А. Абылкасымова, М. Сакыпбекова 

 
əл-Фараби атындағы Қазақ Ұлттық университеті, Алматы, Қазақстан 

 
ПАРАЛЛЕЛЬДІ ЕСЕПТЕУ ТЕХНИКАСЫНЫҢ СƏУЛЕЛЕНУ  

КЕДЕРГІЛЕРІНІҢ АЙНАЛАСЫНДА ЖЕЛДІҢ АҒЫНЫН ҮЛГІЛЕУ ҮШІН ҚОЛДАНУ 
 
Аннотация. Қазіргі заманғы ірі қалаларда құрылыстың жоғары қарқынын ескере отырып, ғимараттар 

арасындағы табиғи аэродинамиканы сақтау өте маңызды. Архитектуралық құрылыс арасындағы 
аэродинамиканысын зерттеу қажет, құрылысты бастамас бұрын алдын-ала болжамды зерттеуді жасау 
керек.Бағалаудың оңтайлы əдісі ауа ағынының математикалық моделін құру болып табылады. Бұл мақалада 
тік қозғалыс күштерімен архитектуралық кедергілер айналасында желдің ағынының сандық шешімдері 
көрсетілген. Бұл процесті сипаттау үшін сығылмайтын Навье-Стокс теңдеуі қолданылады. Бұл жүйе ақырлы 
көлем əдісімен жуықталып, физикалық параметрлер бөліну əдісімен сандық түрде шешілді. Дискретті 
үзіліссіз теңдеуін қанағаттандыратын Пуассон теңдеуі əр кезеңде Якоби итеративті əдісімен шешіледі. 
Тексеру үшін математикалық модельдің дұрыстығын жəне сандық алгоритмді сынау мəселесі шешіледі. 
Басқа авторлардың сандық нəтижелерімен салыстырылған тік күшінің күштерімен артқа бағытталған 
қадамдық ағынның сандық шешімдері қарастылды. Бұл сандық алгоритм əртүрлі геометриялық доменді 
декомпозиция (1D, 2D жəне 3D) арқылы толығымен параллельленеді. Сандық доменнің əртүрлі 
декомпозиция əдістерінің алдын-ала теориялық анализі жəнеосы мəселе бойынша нақты есептеу 
эксперименттер жасалды жəне ең тиімді домен декомпозиция əдісі анықталды. Келешекте тік қаттылық 
күштерімен əртүрлі күрделі ағындар үшін дəлелденген математикалық модель жəне үздік домен 
декомпозиция əдісімен параллельді сандық алгоритм қолданылуы мүмкін. 

Түйін сөздер: домендідекомпозиция əдісі, архитектуралық кедергілердің ағымы, артқа қарай жүретін 
қадамдық ағын, проекциялау əдісі, тік күші күші, аралас конвекция. 
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