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USING OPEN SOFTWARE APPLICATION PACKAGES FOR SIMULATION OF VISCOUS 
INCOMPRESSIBLE FLUID 

This paper analyzes the basic principles, advantages and disadvantages of an open package OpenFOAM. Class hydrodynamics tasks are listed. 
Possibilities and prospects of further use of OpenFOAM accessible using a number of turbulence models in the study of the working process in 
hydraulic machines are shown. The calculations of test tasks of turbulent flow of viscous fluid in Newton's channels of variable section, the sudden 
expansion in the impeller vane pump. Results in the form of pressure fields (velocities), the integral defined by their characteristics are presented. An 
experiment on the stand of the Department "Hydraulic Machines." The comparison of results obtained in packages OpenFOAM, ANSYS CFX and 
experiments.  

Keywords: OpenFOAM, computational fluid dynamics, viscous fluid flow, turbulence model, mathematical model, mesh. 

Introduction. The using of computer modeling 
allows creating high-tech products to improve 
performance, while reducing the time and cost of 
development and testing of new products. 

Currently, the computational fluid dynamics 
software (CFD) has received immense popularity and 
widespread in scientific research. All CFD packages use a 
typical procedure for constructing an engineering problem 
(creating geometry, meshing, definition of boundary 
conditions) and its solution (the choice of solver, start the 
calculation and processing of the results). 

At the moment, there are a number of universal 
commercial software products for solving CFD tasks, for 
example, ANSYS CFX, Simulia, Fluent, Star-CD and 
others. License costs of these products is very high, but 
there are alternative to commercial packages – open 
source software. 

Оpen source software is software, which is available 
to view, explore and change. The use of such software 
requires more user skill but allows you to use the code to 
correct the most open programs, and to create new 
programs. 

Among the packages available for CFD tasks are 
best known: OpenFOAM, Elmer [1]. The main 
disadvantages of these packages can be noted unexamined 
interface and lack of full documentation to the user. 
However, the possibility of the use of such packages on 
any number of processors without any financial cost for 
the purchase of these packages makes very attractive for 
small businesses and schools. In connection with the 
above, it is possible to note the relevance of this work. 

OpenFOAM (Open Source Field Operation And 
Manipulation CFD ToolBox) is an open platform for 
integrable numerical modeling of continuum mechanics 
tasks. Numerical method, embedded in the code based on 
the finite volume method for unstructured meshes. The 
package is a separate, independent modules. The visual 
development environment and a library implemented in 
object-oriented programming language C ++. Very large 
in terms of the package, it is designed primarily for 
hydrodynamics tasks. Today is one of the «finished» and 
well-known applications for CFD tasks. 

This package allows to solve hydrodynamics tasks 
for Newtonian and non-Newtonian viscous fluids, the 
compressibility and incompressibility, the convective heat 
transfer and the force of gravity. For the simulation of 

turbulent flows can be used RANS-models, LES- and 
DNS-methods. Perhaps the solution subsonic, transonic 
and supersonic tasks.  

Objective. To analyze the basic principles and 
possibilities of working with OpenFOAM for the 
simulation of turbulent flow of viscous fluid in the 
channels of hydraulic machines, compare the solution of 
some taskss with the test solution in ANSYS CFX [2] and 
the experimental data.  

Mathematical model. The hydrodynamic test 
calculations made using one of the included in the 
package OpenFOAM solvers. In this paper, we tested 
solver simpleFoam, various numerical approximation 
schemes and integration, and a variety of turbulence 
models. 

The mathematical model (MM), laid the foundation 
solver simpleFoam, based on solving Reynolds-averaged 
Navier-Stokes equations, which are closed by means of a 
turbulence model. 

Currently, a large number of different models for the 
calculation of turbulent flows. They differ in complexity 
and solution accuracy of the description of the flow. 
However, the most successful in the calculation of 
incompressible viscous fluid has proved to k-ε turbulence 
model. Using this model, the system of fluid motion 
equations (1) is complemented by a system of differential 
equations (2), respectively, describing the transfer of 
turbulent kinetic energy k and the dissipation rate ε [4–6]: 
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Dissipation rate parameters ε. and turbulent viscosity 

μt determined by the expressions: 
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σε = 1,3. 

Also it is necessary to note, that for realization of 
package OpenFOAM it is necessary all boundary 
conditions and parameters of turbulence on all surfaces to 
write down manually. On the one hand this 
inconvenience, with another – universality for various 
MM. 

For example, for calculations of values k and ε it is 
necessary to use the following formulae [1]: 

  ,
2

3 2UIk     (3) 

,
5,175,0

l

kС 
     (4) 

where U – velocity vector; 

I – turbulence intensity; 
l – scale of turbulence. 
Realization of MM in OpenFOAM. 
1) Construction of settlement area, the task of 

boundary conditions. 
At the first stage the three-dimensional model of a 

liquid of considered area is under construction. Further it 
is exported to format PARASOLID for construction of a 
finite-element mesh in generator ICEM CFD. 
Discretization of system of the equation of movement in 
given computing package OpenFOAM is made on finite-
volume method (FVM). Localization of discrete values of 
speed and pressure is carried out in the centers of cells of 
the constructed settlement mesh. Then the mesh is kept in 
a format *.msh. 

The next is an import of a mesh in OpenFOAM 
using a command «fluent3DMeshToFoam». 

After that, set the initial boundary conditions. In 
OpenFOAM they are in the directory «0». At the inlet the 
normal speed is defined in the computational domain, the 
output – static pressure. For rotate computational domain 
is defined by the speed in MRFProperies file. 
In the process of calculating the automatically generated 
temporary directory where the results of the iterative 
calculations are stored. The general structure and purpose 
of the main settlement OpenFOAM file is presented in 
table 1. 

 
Table 1 – The structure and purpose of calculation of basic files in OpenFOAM 

Calculated task  
Directory with the initial boundary conditions 

epsilon initial condition ε 
k initial condition k 
p pressure initial value 

0 

U velocity initial value 
The directory containing the computational mesh, the parameters of the  
environment and turbulence 

polyMesh directory with computational mesh 
MRFProperies rotating fields settings 
transportProperties physical properties of the liquid 

constant 

turbulenceProperties turbulence model 
Directory with parameters of solver and results processing file 

controlDict solver and specify its parameters 
fvSchemes setting numerical integration schemes 
fvSolution monitoring the progress of solving the task 

system 

sampleDict sections of profiles that define the necessary parameters 
 

2) Run the calculation. For the tasks of the 
turbulent flow of viscous incompressible fluid in steady 
formulation used solver simpleFoam. The computational 
process occurs before the set value discrepancies. 

3) Processing and visualization of results. 
For processing the values of the calculated values 

(pressure, velocity) used sample utility. The directory 
system is placed sampleDict file. It contains the profiles of 
cross sections or points where it is necessary to define 
these parameters. 

For visualization of the fluid flow is used free 
package ParaView (fig. 1). This package provides the user 
with the possibility of interactive visualization and 
analysis of large amounts of data for qualitative and 
quantitative analysis. 

 

 

Solving typical tasks. 
The paper discusses three test items: 
1) The flow in the channel of variable section 

(Dmax/dmin = 2,1; L = 7,25Dmax). 
2) The flow in the channel with sudden expansion of 

the pipeline (D/d = 2; L = 9D). Analytically and 
numerically determined coefficients of local resistance. 

3) Calculation of the impeller (D1/D2 = 0,46; 
b2/D2 = 0,0685). 

In tasks 1, 2, 3, test results were compared with 
calculations obtained in Ansys CFX package [2]. For 
task 1 is further carried out an experiment on the stand of 
the Department "Hydraulic Machines" Results. 

Task 1. Fig. 2 matched visually flow channel of 
variable section with packages – Ansys CFX and 
OpenFOAM. 
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Fig. 1 – Interface ParaView package (Task 2 – sudden expansion) 

 

  
a b 

Fig. 2 – Flow visualization when using packages: 
a – Ansys CFX; b – OpenFOAM 

 
Fig. 3 shows a comparison of the distribution of 

static pressure Нst = Рi,j/ρg along the channel resulting 
from the physical experiment and packages – Ansys CFX 
and OpenFOAM. 

 

 
Fig. 3 – Diagram of static pressure along the channel 

(blue – experiment; red – Ansys CFX; green – OpenFOAM) 
 

Task 2. To determine the loss ratios used the classic 
formula of hydraulics: 
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The following values (table 2) were obtained by 
numerical calculations. 

Table 2 – Results of calculation of loss and the coefficient of 
resistance 

Method of calculation hse, m ξse 
Theoretical 0,0287 0,5625 
Ansys CFX 0,0292 0,5728 
OpenFOAM 0,2905 0,5733 

The error between accrued and experimental values 
is not more than 3 %. 

Task 3. Visualization of flow in the impeller in 
packages Ansys CFX and OpenFOAM is presented in 
fig. 4. 
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a b 

Fig. 4 – The pressure distribution along the blade: 
a – solid model; b – pressure distribution 

 
Conclusions. This paper analyzes the basic 

principles, advantages and disadvantages of an open 
package OpenFOAM. The calculations of test tasks of 
turbulent flow of viscous Newton's fluid in channels of 
variable section, the sudden expansion in the impeller 
vane pump. In consequence of fairly good agreement of 
the experimental results, the calculation in Ansys CFX 
package (which proved itself quite well) and an open 
packet of OpenFOAM, you can make a conclusion about 
the adequacy of CFD solutions of tasks in the software 
product. 

In view of the fact that the software is open and it is 
possible to create your own solver, in perspektiveetot 
package can be used for research of hydraulic machines 
with their work on the gas-liquid mixtures, to take into 
account the surface roughness of the working bodies. 
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