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Abstract

The main goal of this paper is to present an anlysis«f the complex problem of fluid flow through the valve with a seat
type A 10 FS1.0364 of a variable cross-section and the obtained results. For this purpose, a geometry was created in
Ansys Fluent for an "open" valve configuralion with different types of meshes, tetrahedral and hexahedral. The paper also
presents a comparison of different configurations and meshes, and a comparison of the results obtained in this paper using
numerical simulations and ANSYS Fluept, withthe previously published results of the group of authors obtained from
Solid Works Flow Simulation. Numericahsimulations carried out in this paper using Fluent showed a good agreement of
the results with previously obtained results of the group of authors in Solid Works Flow Simulation. Also, an interpretation
of the results with a discussion is given and the main findings are highlighted in the conclusion.
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1. Introduction

In modern hydfauli¢ and pneumatic components for direct and control, the valves are defined as devices whose main
task is to direct and c@ntrol hydraulic energy in the process of transfer from the source (hydraulic pump) to the hydraulic
motor. At variable flow, there is an additional mechanism that adjusts the size of the valve opening. An essential element
of the hydrauli¢ syStem is the working fluid. The main function of fluid in the hydraulic system is the transfer of energy.
Fluid currents transfer energy from the source (hydraulic pump) to the consumers (motors). The working fluid lubricates
the moving parts,in“the hydraulic system so they do not have special equipment for lubrication. In addition, the working
fluid alse,serues as a means of preserving the hydraulic system, but also washes outflow channels in the hydraulic system.
Differeht fitids can be used as working fluids in the hydraulic system. They were selected so that their physical and
chemieal"properties comply with the conditions of exploitation [1]. Today, as a working fluid in hydraulic systems, 90%
of mineral oil used is pure either with water or a mixture of synthetic fluids. Therefore, the common name for the working
flaid obhydraulic systems is hydraulic oil.
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Limited capabilities of analytical methods, in practice very often lead to the use of experimental solutions to fluid
flow problems, i.e. an approach to measuring velocity, pressure, etc. real progress, or in their model, which uses so-calléd
similarity theory. But in some cases, it is very difficult to conduct an experiment and sometimes even impossible. Meteting
equipment can disrupt the flow, or it is such a fluid flow that it is impossible to set the measuring sensors. Progress,in
technology and increased competition require optimized design and high technology such as a mechanism wHichswiil
predict the fluid flow. Experimental design and its realization require considerable financial support and time to/get
results. An alternative experiment, or at least a complementary method, is the advent of fast, inexpensive digital
computers, which also leads to a significant (although most of the key ideas were founded more than a centuny) appiication
of numerical solutions of partial differential equations. When the possibility of using computers in fluid flow analysis
was recognized, interest in numerical methods increased significantly. Solving the equations of flujgdsmegiianics using
computer programs has become an important field of research known as Computational Fluid Dynamiics (€FD) analysis
[2], [3]. Numerical simulations are used in many industrial areas, such as power plants, automotive,s¢hemniical engineering,
aviation, petroleum refining, etc [4], [5], [6]. Therefore, many studies have used numerical siuiations and various
computer programs to solve the problem of fluid flow through a valve.

Vedova et al. [5] conducted research on the 3D model of the full geometry of the valve (@penFQOAM) that has been
developed to predict the distribution of pressures (hence forces) inside it to make an optimiZation process possible. Simic
and Herakovic [7] investigated the reduction of the flow forces in a small hydraulic seat valve in detail by using a
commercial simulation tool, Ansys CFX. Banas$ et. al. [8] compared the results of Alierical calculations obtained by
using ANSYS® R17.2 with experimental studies for a prototype of a hydrauliesthrotile valve made from transparent
plastic. Szpica [9] presented the numerical research methodology to designate the thirgttle valve flow characteristics using
SolidWorks Flow Simulation as the alternative to long and expensive eXp€rimental research. Polasek et. al. [10]
investigated fluid flow through the throttle valve for the laminar model, RANSiodels, and LES model using numerical
simulation in ANSYS Fluent. Hodzic et al. [11] investigated the possibility.of applying numerical simulations to solve
the problem of calculation and determination of the fluid flow through 4he hydraulic valve. Results of numerical
simulation by using Solid Works Flow Simulation of hydraulic oil flow through a valve with seat surface type A 10
FS1.0364 were taken from paper [11], and the own results obtained it this Paper are compared with them.

So, this paper aims to present the results obtained by nuptericalisimulations in Fluent and compare them with the
previously published results by Hodzic et al. obtained in Solid Waorks/Flow Simulation [11] for the same valve type with
the same input data for the analysis, and to provide interpretation o#the results with discussion.

2. Methodology

The finite volume method (FVM) is a numerical\friethod used to solve the problem of mineral oil flow. According to
this method, the calculation domain is divided_into afinite number of control volumes that do not overlap (numerical
mesh), each of which is represented by the valug of e physical size of the node that is within the control volume (usually
in the middle).

There are two different approaches to geperating numerical mesh. The first approach generates the appropriate mesh
domain, and then the nodes (calculation pointsjare placed in the center of the control volume. This approach is used more
often. The second approach is based on fhe cCteation of computational points and a mesh of control volumes created so
that the surface of the control volume lies‘in.tlie middle between two calculation points [12].

The numerical algorithm consists 0f,the following stages:
e proper integration of theé main equations of fluid flow overall (finite) control volumes domain solutions,
o discretization, which inyOhe€s solving some integral in discrete form (by use of integral approximation), which
converts the integral equation into a system of algebraic equations for the nonlinear modelling of fluid flow,
e solving algebraicreguations using final iterative methods.

Numerical simufatioh was carried using the Ansys Fluent CFD software. Fluent is a state-of-the-art computer program
for modelling fluid¥low and heat transfer in complex geometries. Fluent provides complete mesh flexibility, including
the ability to solve flowaproblems using unstructured meshes that can be generated in complex geometries with relative
ease. Supportedfmesh types include 2D triangular/quadrilateral, 3D tetrahedral/hexahedral/pyramid/wedge/polyhedral,
and mixed (hyBrid) fheshes. Fluent also allows the use of refined or coarse grids based on the flow solution [12].

3. Results and discussion

I the paper, the problem of the flow of mineral oil through the valve was analysed, therefore, certain assumptions
wer@ given that were used in solving the problem. The mineral oil HL-ISO VG 32 is released into the atmosphere at
pressure p = 1 bar. Density and viscosity coefficient were assumed as p = 887 kg / m3, p = 0,057655 Pa-s, respectively.
Volume flow has fixed values of 5, 9, 13, 16 and 20 I/min. These are necessary input data for numerical simulations in
Fluent.
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The first step is to calculate velocity for volume flow values of 5, 9, 13, 16 and 20 (I/min). The following expression
can be used for calculation:

. 14
V=u-4 = uzz (1)

where u is velocity in m/s and A is area m?.

The second step is to calculate the Reynolds number (Re) for volume flow values 5, 9, 13, 16 and 20 lfmin with known
velocities. The equation for calculating Reynolds number is:

_pru-d
U

Re )

where p is density in kg/m?3, d is diameter with value d= 0,007 m and y is dynamic viscosity iff Kg/m <.
Table 1 shows velocities values and Reynolds numbers for different values of volume tlow.

Volume flow [I/min] Velocity [m/s] Re-number Flow
5 2,19 235,84 laminar
9 3,96 426,461 laminar
13 5,716 615,56 laminar
16 7,037 757,830 laminar
20 8,797 947,36 laminar

Table 1. Velocities and Reynolds numbers for Gifferent values of volume flow

Based on the obtained values of velocities and Reynolds giumbersyit can be concluded that laminar flow occurs.
Laminar flow occurs when the calculated Reynolds number isiess thah 2300.

The analysis of fluid flow through the valve was performed T0xtiie "open™ valve configuration and for two different
meshes, tetrahedral and hexahedral. Figure 1 and Figure 2 show the geometry and tetrahedral mesh "open" configuration.

Fig. 1. Geometry Fig. 2. Tetrahedral mesh "open" configuration

Figure 3 shows the qualitysof the mesh with a total number of elements of 91.000 tetrahedral cells. Figure 4 shows the
position of the worst elem€rinandha quality value of 0,8037.

Fig. 3. Quality of tetrahedral mesh Fig. 4. Position the worst element in geometry
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Figure 5 and Figure 6 show the geometry and hexahedral mesh “open" configuration. Geometry with hexahedral mes

is possible and complex. 0
. \

Fig. 5. Complex geometry Fig. 6. Hexahedrahmesh "open" configuration

Figure 7 shows the quality of the mesh with a total number of elements of 1 xahedral cells. Figure 8 shows
the position of the worst element and the quality value of 0,7858.

Fig. 7. Quality of hexahedral mesh v Fig. 8. Position the worst element in geometry
Figure 9 shows the contours of the velocitfn%ude results in tetrahedral mesh. The minimum velocity value is 0
m/s, while the maximum is 3,58 m/s. Frdm Figuf€ 10, it can be seen the contours of velocity magnitude results in

hexahedral mesh. The minimum value of velagity magnitude is 0 m/s, while the maximum is 3,97 m/s.
When comparing velocities magnitude; imboth cases, the minimum velocity is 0 m/s, and the difference between the
maximum velocities is very small, veI are almost the same (3,58 m/s for tetrahedral mesh and 3,97 m/s for

hexahedral). &
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Table 2 shows the results of the mass flow rate for the inlet and outlet, the area-weighted average for static pressure
in Pascal, and the area-weighted average for velocity magnitude in m/s, for two different meshes, and as it can be seén
the difference between them is not significant.

Tetrahedral Hexahedral
(worst geometry) (complex geometrys)
Outlet -0,07352 - 0,07450
Mass flow rate (kg/s) Inlet 0,07353 0,07450
Net mass flow 1,9803643e-05 -6,7055225¢%08
) Outlet 0 0
Arefa—welghted average Inlet 16529 15791
static pressure (Pa) -
Cross-section 8892 8584
A hted Outlet 1,84 2,01
rea-weighted average
velocity magnitude (m/s) Inlet - 2,19 2,19
Cross-section 1,34 1,36
Min. 0 0
Velocity magnitude (m/s)
Max. 3,58 3,97
. Min. 0 0
Static pressure (Pa)
Max. 17099 16611

Table 2. Calculation results for two different meshes afid volume flow 5 I/min

Figure 11 shows the diagram of pressure drop and volume flow dgpendencies obtained by numerical simulation in
Fluent for hexahedral and tetrahedral mesh and the results of gumeticalisimulation Solid Works Flow Simulation [11].
The green line shows the results of the hexahedral mesh, wiitle the red line shows the results of the tetrahedral mesh.
When comparing these lines, the difference is not significant. Alsoytfie results obtained in Fluent for both meshes have a
good match with the existing results from Solid Works FlowsSimulation. However, the results obtained in Fluent with the
hexahedral mesh have a better match with the results from'SolidhWorks Flow Simulation.

== Solid Works Hexahedigl mesh === Tetrahedral (worst geometry)
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Fig. 11 /MDiagraim.of pressure drop and volume flow dependencies, comparison numerical simulation results from
Fluent with existing results from Solid Works

4. ‘€onclusion and further work
This paper provides the numerical calculation results of pressure drop obtained in Fluent for two different meshes,

hexahedral and tetrahedral, for fixed volume flow values 5, 9, 13, 16 and 20 I/min through the valve. The main
Characteristics of the results of numerical simulations through the valve can be highlighted as:
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e By comparing the results obtained for two different meshes, less deviations between them can be noticed:
Minimum velocity values for both meshes are the same (0 m/s), while difference between the maximur
velocity values is very small, about 9,8% (for tetrahedral mesh maximum velocity is 3,58 m/s and“or
hexahedral 3,97 m/s).

e When comparing results for configuration "open" valve with hexahedral mesh and tetrahedral nieshisthe
results of the mass flow rate for inlet and outlet, the area-weighted average for static pressure, angithe.afea-
weighted average for velocity magnitude, it can be observed that the difference between thempis not
significant.

e The results obtained in Fluent for both meshes have a good match with the existing results fram Solid Works
Flow Simulation, but the results obtained with the hexahedral mesh have a better match.

In some of the following research, as further work, other models will be developed and experiifiental”studies will be
included.
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