ICONTECH INTERNATIONAL JOURNAL OF SURVEYS, ENGINEERING, TECHNOLOGY
ISSN 2717-7270

Journal homepage: http://icontechjournal.com/index.php/iij

Volume 7 (2023) Issue 2

COMPUTATIONAL ANALYSIS OF FLOW CHARACTERISTICS OF NOZZLES
WITH DIFFERENT GEOMETRIES

Mert Son
Mersin University, Vocational School of Technical Sciences, 33343, Yenisehir, Mersin, Tiirkiye.
ORCID ID: 0000-0003-4553-1991
Bianyamin Demir
Mersin University, Department of Mechanical Engineering, 33340, Mersin, Tirkiye.
ORCID ID: 0000-0002-6405-4724

Abstract

In this study, five different nozzles which can be used for spraying operations were generated
and flow analyses of these nozzles were carried with the use of Computational Fluid
Dynamics and Finite volume analysis software. Flow analyses were carried out for each
nozzle geometry and the effect of the nozzle geometry on the velocity of fluid was
investigated. It was determined that nozzle geometry influenced the velocity of the fluid.
During the analysis processes, three different turbulence models (k-omega, k-epsilon and
transition k-kl omega) were selected to investigate the effect of turbulence model on velocity
of the fluid. Present analyses revealed that these turbulence model did not have any
remarkable effects on the velocity of the fluid but influenced spray distribution area.
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1. Introduction

Spraying applications, which are widely used in many sectors such as textile, dyeing,
cleaning, agriculture, food, automotive, air conditioning, food coating, fuel injection in
internal combustion engines, pesticides and irrigation, personal care in daily life applications,
cosmetics etc.

Spraying is the process of transferring the fluid to the target surface in the form of small
droplets and particles by giving high velocity and pressure to the fluid, instead of directly
transferring any fluid to another surface or target area. The reason why this process is
preferred in many industrial areas is to prevent the use of excess fluid by giving the fluid to be
transferred to the environment in droplet form and to use the fluid to be used with the highest
efficiency without wasting it. In order to the spraying process to take place, the fluid to be
transferred must have a certain velocity and pressure value, mechanical parts are used that
bring the fluid to this velocity and pressure after leaving its source and turn the kinetic energy
of the fluid into small particles. These mechanical parts are called nozzles [1].

There are many different types of nozzles used in the industrial field, nozzles are usually
named according to the type of fluid they transfer or the boundary areas they affect on the
surface in the spraying process. Some commonly used nozzles are hydraulic nozzles,
pneumatic nozzles, air nozzles, fan nozzles, empty conical nozzles, filled conical nozzles,
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point spray nozzles and fog nozzles. Nozzles, which are frequently used in industrial areas
and appear in a wide variety of structures, have a very relevant role in the quality of the final
product and spray efficiency in the systems they will be used, so it is very important to choose
the nozzle to be used in spraying operations in accordance with the system to which it will be
integrated and the desired post-processing requirements [1]. Onen et al. emphasized in a study
that one of the most influential factors affecting the abrasive particle velocity and the damage
mechanism in the target material in erosive wear is the geometry of the nozzle. Researchers
have reported that different nozzle geometries can be used in many different applications such
as micro-abrasive jet machining and sandblasting. In addition, researchers stated that abrasive
blasting applications are one of the traditional abrasive material processing methods and have
many uses such as micro-abrasive jet processing, surface treatment, surface cleaning [2]. In
order to see the effects of nozzle selection, instead of using experimental systems, the system
in which the nozzle will operate can be simulated and flow analyzes can be made using a
finite element method program with computational fluid dynamics methods, so that necessary
analyzes can be made before the nozzle is used and the suitability of the nozzle can be
determined before use.

Meyer and Lupoi investigated the nozzles with three different designs used in cold spraying
applications under standard operating conditions, and carried out the coating efficiency and
particle flow analysis with the computational fluid dynamics methods on nozzles with three
different designs. As a result of the research; when titanium was chosen as the coating
material, it was determined that there was a direct corresponding relationship between the
coating efficiency and the nozzle cross-sectional area. As a result of the experiments, it was
observed that the coating efficiency of the nozzle with the smallest cross-sectional area was
also the lowest [3].

Yin et al. investigated the effects of nozzle cross-sectional area on gas flow and particle
acceleration in spraying operations. In the study, they compared a rectangular nozzle with an
elliptical nozzle model, and as a result of the study, it was determined that the particle
velocity was higher in the elliptical geometry nozzle than in the rectangular geometry nozzle
[4]. Zeng et al. reported that nozzle geometry, accelerated gas and particle properties directly
affect the particle impact rate [5].

In this study, nozzle geometries with five different interior designs that can be used in
spraying operations were created and a water flow analysis was performed in ANSYS fluent
software. On the basis of the analysis, the changes in the outlet velocity and pressure due to
different geometries of the fluid with the same inlet velocity and pressure were examined.

2. Materials and Methods

In this study, five different nozzle geometries were created using the Design Modeler
application of the ANSYS Workbench software. During the nozzle design, the nozzle inlet
and outlet diameters were designed to be the same, and only dimensional changes were made
in the inner geometry of the nozzle. After the design step, water flow analysis was performed
for five different nozzles and flow analysis was performed using three different turbulence
models.
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For the flow analysis, water was used as the fluid and the fluid inlet velocity was determined
as 5 m/s and the fluid inlet pressure was determined as 1 bar. Analyzes were made by
applying three different turbulence models for each design.

2.1. Computational Fluid Dynamics

Fluid dynamics is the science that studies fluid motion. There are three basic approaches in
fluid dynamics, these are; experimental, numerical and theoretical approaches. In
computational fluid dynamics, the fluid is modeled as a continuum and this method is a
computer-based engineering method. Computational fluid dynamics is a method that is
generally used to examine and analyze systems that are impossible to study experimentally
[6,7].

2.2. Finite Element Method

The finite element method is one of the important numerical methods widely used in solving
many problems in the fields of physics and engineering. The basis of the finite element
method

is based on the principle of modeling complex structures with smaller structures that can
perform calculations. In this method, the structure to be analyzed is handled in small parts and
the analyzes are made on these small structures and the results are reported [8].

2.3. Finite Volume Method

The Finite Volume Method is a numerical technique that leverages conservation laws in order
to convert partial differential equations into solvable algebraic equations. It is widely used in
the fields of fluid mechanics, heat transfer. Ansys fluent software solves partial differential
equations problems based on finite volume method [9].

2.4. Basic Differential Equations of Fluid Mechanics

It is quite difficult and complex to analyze the differential equations of fluid motion; what is
known about their general mathematical properties is quite insufficient. On the other hand,
some things of great educational value are viable. It reveals the basic dimensionless
parameters that organize the motion of the fluid, even if the equations are not solved at first.
Considerable amount of useful solutions can be obtained if steady flow and incompressible
flow assumptions are made. A third and rather major simplification is the assumption of
frictionless flow. This acceptance validates the Bernoulli equation, providing a wide variety
of idealized, or ideal fluid, possible solutions [10].

2.4.1. Continuity and Navier-Strokes Equations

The Navier-Stokes and continuity equations are the most common flow equations that can be
used in flow analysis. The continuity equation expresses the mass conservation law of the
fluid passing through a control volume in differential dimensions, while the Navier-Stokes
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equations express the conservation of motion equations formed by the application of Newton's
second law to the control volume. Continuity and motion equations for a Newtonian and
incompressible flow with constant physical properties in Cartesian coordinates are written as
follows [11].
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2.5. Turbulence Models

Turbulent flow is a problem that cannot be fully resolved and often cannot be solved in a
meaningful way in classical physics. The turbulence of many problems in engineering has led
to the development of models known as "turbulence models”. Models are systematic
mathematical derivations based on Navier-Stokes equations up to a certain point, as well as
hypotheses based on dimensional argument and empirical inputs [7].

2.5.1. Two Equation Turbulence Models

It is extensively used in two-equation turbulence models because it has a good balance
between numerical effort and computational accuracy. Two-equation models are much more
complex than zero-equation models. Velocity and length scales are solved independently
using the transport equations. For this reason, it is called a two-equation model. The k-¢ and
k-o two-equation models use mean velocity gradients and gradient diffusion hypotheses due
to turbulent viscosity Reynolds stresses. Turbulent viscosity is modeled according to velocity
and turbulence length scales [12].

2.5.1.1. Standart k-¢ Model

In the standard k-¢ model, the convection equations of turbulent kinetic energy ( k ) and
sloshing loss rate ( & ) are solved and the turbulent momentum diffusion coefficient
(viscosity) is calculated as a function of k and & values [13].
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2.5.1.2. Standart k-@ Model

This method developed by Wilcox [13]; It has updates for lower Re numbers, compressibility,
and stress-induced flows. It is a disadvantage that it has sensitivity on the slip layer. The
convection equations for turbulent kinetic energy (k) and attenuation rate () prevailing in the
model are given below.
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In both equations, G terms represent the generation of turbulent kinetic energy, Y terms
represent the rate of subduction, w S and k S represent sources. The effective diffusion
symbols are expressed as I'k and I'w. All these terms are modeled. For flows with low Re
coefficients, the correction and diffusion coefficients are embedded in swash viscosity terms.
Compressibility correction is included in the model but not recommended for use in all
general applications[12].

2.5.2. Three Equations Turbulence Models
2.5.2.1. Transistion k-kl Omega Model

Transition k-kl omega equation is a 3-equation turbulence model used mostly in transitional
flows in flow analysis. This model is the model that can most accurately analyze the
characteristics of the transitional flow in the boundary layer.
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By using the ANSYS Fluent software, the theoretical equations used in the fluid mechanics
applications mentioned above are analyzed and flow analysis results are obtained. The figures
below show five different nozzle designs and dimensions.

2.6. Nozzle Geometries
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Figure 1. Design and Dimensions of First Nozzle.

Figure 2. Design and Dimensions of Second Nozzle.
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Figure 3. Design and Dimensions of Third Nozzle.
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Figure 4. Design and Dimensions of Fourth Nozzle.
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Figure 5. Design and Dimensions of Fifth Nozzle.
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The designs were first drawn in the SOLIDWORKS program. In order to perform the flow
analysis in the ANSYS program, the drawings were made in two dimensions using the Design
Modeler module of the ANSYS program using the same dimensions, and in the next step, a
three-dimensional solid model was created. After the solid model was created, a control
volume area was created to determine in which area the analysis would take place. After the
control volume area was created, the meshing process was completed.

100 00

Figure 6. Two Dimension Drawing in the Design Modeler Section.
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Figure 7. Dimensioning View of the Modelling.

After the meshing process was completed, the nozzle inlet, outlet and body regions were
assigned. After this process, the turbulence model was selected and the results were obtained
after the analysis was performed according to these models.
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Figure 8. Determination of Control Volume Area.
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Figure 9. Meshing Process.
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Figure 10. Defining the Inlet Zone of the Nozzle.
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Figure 11. Defining the Outlet Zone of the Nozzle.
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Figure 12. Determination of Turbulence Model.
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Figure 13. Determination of Boundary Conditions.

3. Results and Discussion

As a result of the analyzes made using 5 different nozzle materials in the research, the
velocity values found on the basis of k-epsilon, k-omega and transition k-kl omega models are
given in Table 1. In the results of the research, flow velocity distribution pictures of the
analyzes performed with the K-Epsilon turbulence model, which is widely used in flow
analysis, are given, and the results of the analysis made with other turbulence models are
shown in the table. According to our research findings, it was determined that nozzle
geometry significantly affects fluid velocity at nozzle outlet. However, it was determined that
the change in turbulence patterns did not have a great effect on the spray rates of the nozzles
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(Table 1). The research results of Shipway and Hutchings [14] and Onen [15] who work on
nozzle geometries, support our finding

Table 1. Comparison of Outlet Velocity Values of Fluids

Fluid Velocities According to Turbulence Models
Nozzles Standart k-¢ Model K-Omega Transition k-kl
Standart k- Model Omega
1. Nozzle 88.41 m/s 87.48 m/s 88.24 m/s
2. Nozzle 94.81 m/s 94.41 m/s 93.81m/s
3. Nozzle 102.7 m/s 99.87 m/s 99.97 m/s
4, Nozzle 138.30 m/s 137.50 m/s 139.7 m/s
5. Nozzle 84.49 m/s 82.91 m/s 88.67 m/s

When the k-epsilon model was chosen as the turbulence model in the flow analysis with the
first nozzle geometry, it was found that the velocity of the fluid reached 88.41 m/s at the
outlet of the nozzle (Figure 14)
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Figure 14. First Nozzle fluid Velocity Distribution (K-epsilon model).

According to the flow analysis made with the second nozzle geometry, when the k-epsilon
model was chosen as the turbulence model, it was determined that the velocity of the fluid at
the nozzle outlet reached 94.87 m/s at the nozzle outlet (Figure 15).
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Figure 15. Second Nozzle Fluid Velocity Distribution (K-epsilon Model).

In the flow analysis made with the third nozzle geometry, when the k-epsilon model was used
as the turbulence model, it was determined that velocity of the fluid reached to 102.7 m/s
from 5 m/s at the nozzle exit. As can be seen in Figure 16, an increase in velocity was
observed in the part of the nozzle geometry where the diameter narrowing occurred.
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Figure 16. Third Nozzle Fluid Velocity Distribution (K-epsilon Model).

In the flow analysis made with the fourth nozzle geometry, when the k-epsilon model was
chosen as the turbulence model, it was determined that velocity of the fluid reached a velocity

of 138.30 m/s at the nozzle outlet (Figure 17).
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Figure 17. Fourth Nozzle Fluid Velocity Distribution (K-epsilon Model).

When the k-epsilon model was chosen as the turbulence model in flow analysis with the fifth
nozzle geometry, it was determined that the velocity of fluid reached a velocity of 84.49 m/s
at the nozzle outlet (Figure 18).
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Figure 18. Fifth nozzle fluid velocity distribution (K-epsilon Model).

4. Conclusion

According to the results of the research, it has been determined that even if the nozzle inlet
and outlet designs of different nozzle geometries are the same, the change in the internal
geometry significantly affects the outlet velocity of the fluid. As a result of the analysis, it was
determined that the fastest fluid transfer was at the fourth nozzle; It was determined that the
fluid transfer at the lowest velocity was at the fifth nozzle. In the analyzes made with different
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turbulence models, it has been determined that turbulence models do not have a very high
effect on the flow velocity of the fluid. However, it has been determined that the use of
different turbulence models in the same nozzle geometry affects the flow spray area and
amount to a certain extent. In order for the nozzles to be used in different sectors to be
designed appropriately, it is of great importance to make the right turbulence model choice by
analyzing it with the finite element method.
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