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Abstract
Currently, the development of renewable energy sources is one of
the most important issues. An environmentally friendly and cheap
energy is wind energy. Therefore, it is necessary to study turbu-
lent flows around aerodynamically shaped profiles when creating
new models of wind turbines. It is impossible or too expensive to
study these currents by experiment. Therefore, it is appropriate to
model it using modern package programs. This article presents a
study of a turbulence model in subsonic flow around a NACA0012
airfoil with angles of attack from 0 to 20 degrees. For the numeri-
cal implementation of the turbulence equations, the finite element
method was used, implemented using the software package Comsol
Multiphysics. The k-e model was used to determine the turbulence.
The results obtained were compared with experimental data and
showed good agreement between them, which confirms the ade-
quacy of the proposed turbulence model. The main aspects of the
research methodology are discussed, including modeling parame-
ters and analysis of the data obtained. This study contributes to the
understanding of turbulent flow around airfoils and may be useful
for developing more accurate engineering models.
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1 INTRODUCTION
As shown in the works [1-3], the existing energy supply of the
Republic of Uzbekistan does not meet the needs. The President of
the Republic of Uzbekistan has set the task of doubling the volume
of energy supply of the country by 2030. In this regard, the works
[1-3] propose ways to implement them. One of the ways to solve
the problem is to increase the production of energy supply using
renewable sources.

One of the most important issues in the development of renew-
able energy sources is the creation of efficient wind turbines. Be-
cause, at present, until 2030, the issue of providing a significant part
of energy with renewable energy is set. Therefore, it is appropriate
to continue the research in this field and study the movements of
the parts that are important for wind turbines. Turbulent flows are
formed in renewable energy installations.

Turbulent flows are complex phenomena in the fields of aerody-
namics and fluid dynamics that result from nonlinear interactions
between particles of a liquid or gas. These interactions produce
chaotic and unpredictable movements, making turbulence one of
the most challenging objects to study in flow physics. Understand-
ing turbulent flows has important implications for various engi-
neering fields. In aerodynamics, for example, turbulence affects the
aerodynamic characteristics of airplanes and other aircraft, as well
as the efficiency and safety of their flights. In hydrodynamics, tur-
bulent flows determine the behavior of water in rivers, oceans and
pipelines, which is important for the design of hydraulic structures
and water supply systems [8, 9]. In addition, turbulence plays a
key role in the design and optimization of various mechanisms and
machines such as turbomachines, pumps and fans. The study of
turbulent flows is a current research task, as it contributes to the
development of more accurate and efficient engineering models.
However, despite significant advances in this field, many aspects
of turbulent flows remain poorly understood, which creates a need
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a)

b)

Figure 1: 2D Profile NACA 0012. a ) computational mesh b ) boundary conditions [13].

for further research and development. Thus, understanding turbu-
lent flows is of fundamental importance for various engineering
applications and is the subject of active research nowadays [10-13].

In this study, we focus on the numerical simulation of turbulent
flow around the NACA0012 airfoil. This airfoil is widely used in
aerodynamic research due to its simplicity and good lift perfor-
mance. We will study the flow around the airfoil at various angles
of attack, ranging from 0 to 20 degrees. For numerical modeling we
use the Comsol software package Multiphysics, which provides ex-
tensive capabilities for solving a variety of problems in continuum
mechanics, including modeling turbulent flows.

Aerodynamics research is an important component of wind tur-
bine design and optimization. NACA 0012 is one of the most com-
mon airfoils. Powerful techniques such as computational fluid
dynamics (CFD) can be used to study flow around an airfoil and
determine its aerodynamic characteristics [11-14].

CFD research allows you to conduct virtual experiments by sim-
ulating flow around an airfoil under different conditions. To esti-
mate aerodynamic parameters, various approaches are used, such
as models and , to solve the Navier-Stokes equations and turbulence
equations [7, 14-17].

The main goal of this study is to verify the adequacy of the pro-
posed turbulence model by comparing the obtained numerical data
with the results of experimental measurements. Successful compar-
ison of these results will confirm the applicability of our model to
real engineering problems and increase the level of confidence in
numerical methods in aerodynamics. Later in the article we will
describe in detail the research methodology, present the results
obtained and discuss their significance for practical applications..

1.1 Physical and mathematical formulation of
the problem

The NACA 0012 turbulent airfoil must be operated in virtually
incompressible conditions. Reynolds number per chord Re = 5
million. In Fig. 1 shows the computational mesh and boundary
conditions [17-20].

2 Mathematical model
The Reynolds-averaged Navier-Stokes (RANS) equations and the
NACA 0012 profiles are employed. These differential equations,
which characterize changes in pressure and velocity in a liquid
medium across time and space, serve as the foundation for the
mathematical description of the dynamics of an incompressible
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Figure 2: Pressure coefficient varying depending on the angle of attack of the profile surface [13]

Fluid. Navier-Stokes equations in averaged form take into account
turbulent flows and represent the following system of equations:

Mass conservation equation (continuity equation), which de-
scribes the law of conservation of mass within the computational
domain [4-7]:

mD̄8

mG8
= 0 (1)

The momentum conservation equation, which describes the
change in fluid velocity under the influence of external and internal
forces:
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Where
D̄8 - components of the average velocity field, ?̄- average pressure,

a - kinematic viscosity, g8 9 - components of the stress tensor, d -
density.

Reynolds -averaged Navier-Stokes equations makes it possible
to take into account turbulent effects and their influence on the
flow around the NACA 0012 airfoil. These equations are solved
by numerical methods, such as finite element analysis, using spe-
cialized software packages such as COMSOL Multiphysics. This

approach provides detailed data on the flow characteristics and its
impact on the profile.

The study of a turbulence model : − Y for problems of turbulent
flow in a flow around the NACA 0012 airfoil is the purpose of this
article. The obtained numerical data are compared with known
experimental data available on the NACA Turbulence website Mod-
eling Resource (TMR) [17, 18].

3 Turbulence models.
When the chain of equations for correlations of turbulent quantities
breaks down into equations for first-order correlations, it is obvious
that the turbulence model of the first level of closure : − Y is the
most effective. The k-e model, also known as k-epsilon, is a two-
differential equation model that describes the turbulent kinetic
energy (k) and its dissipation rate (n). Because this model can
simulate turbulent flows with sufficient accuracy at relatively low
computational costs, it has proven to be a reliable tool for solving
many engineering problems.

The system consists of two nonlinear diffusion equations that
describe the turbulent energy mass density k and the turbulent
energy dissipation rate n . This model was proposed by Launder
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Figure 3: The influence of angles of attack on lift coefficients [13].

and Spalding more than 30 years ago and has become the basis for
many engineering calculations.

These nonlinear diffusion equations serve as the basis for model-
ing turbulent flows in many applications. This model has become
available and widely used in various engineering problems due to
the simplification proposed by Launder and Spalding.This model is
currently very popular and is included in many CFD packages[19,
20].
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The empirical constants : − Y of the model take standard values:
�1Y = 1.44 �2 = 1.9, f: = 1.0,fY = 1.2,�0 = 4.04.

4 Solution method
For the standard turbulence model : − Y standard COMSOL Multi-
physics solvers were used [19-23].

5 RESULTS AND DISCUSSION
The change in pressure on the channel wall depending on the
distance is called the distribution of the surface pressure coefficient
[21].

�? =
? − ?∞
0.5d* 2

0

.

where p is the pressure at a point on the surface of the profile, P∞
is the pressure of the free flow, d is the density of the free flow, U0
is the speed of the free flow.

Comparisons of the obtained numerical results with known ex-
perimental data are shown below. In Fig. 2 shows the pressure
coefficients and experimental results for various angles of attack of
the profile surface.

The effect of angles of attack on lift coefficients is shown in Fig.
3

The results of the experiment are similar to the results : − Y

models as shown in Figures 2-3.
In Fig. 4 shows isolines of the flow velocity at different angles of

attack.
The turbulence model : − Yis considered to be the best semi-

empirical model available today.
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Figure 4: Isolines of flow velocity at different angles of attack.

6 CONCLUSION
More than 80 percent of electricity produced in our country is
obtained by burning gas. But these gases can expire with time
and release large amounts of CO toxic gases into the environment.
Therefore, we should switch to a clean source of electricity as much
as possible. Nowadays, the demand for renewable energy sources
is increasing day by day. Therefore, wind energy is a clean and
cheap source of renewable energy. The movement of aerodynamic
wings is very important in converting the mechanical energy of the
wind into electrical energy. Therefore, this paper investigates the
turbulent flow around the NACA 0012 airfoil, which is widely used
in wind turbines. Results were obtained for lift force and power
coefficient at different wind speeds. These results were compared
with the results of experiments at the NACA base.

Studying the flow around the NACA 0012 airfoil using CFD tech-
niques provides useful data to engineers and designers. The data
can be used to improve aerodynamic efficiency, optimize airfoil
shapes and create more efficient wind turbines. Understanding
the aerodynamic characteristics of an airfoil at the level of numeri-
cal modeling helps in the development of innovative technologies
aimed at renewing industrial energy.

The article reviewed shows the results of a standard turbulence
model : − Yin the Comsol software package Multiphysics, which
uses the finite element method. To validate the model, : − Ythe
problems of flow around the NACA 0012 airfoil were considered.
From the results obtained, it is clear that : − Ythe model has high
accuracy for this problem.
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Figure 5: Isolines of the pressure field at different angles of attack
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