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Abstract. In this paper, we studied and analyzed the behavior of velocity profiles and the
distribution of pressures in a pipe connected to an accessory. In this case, it was a 90° elbow
fitting in which water flows as an incompressible flow. This study was developed numerically
through the fluent program of ANSYS.

It is of practical interest in engineering because it is based on results regarding the internal
structure of a model of incompressible flows. In the same ways, it provides a basis for the proper
design and implementation of velocity profiles within an elbow.

In the agricultural industry, suitable systems can be implemented for crop irrigation in this way
with the results obtained to improve the design in the fluid distribution system.

We used a feasible k-¢ turbulence model because this model causes less turbulence than the
standard k-& model.

A mesh independence study was developed, in which it was observed that combining different
densities of meshes for the same geometry causes some variables, so a fine meshing was used
to carry out the study so that the results are as close to reality as possible.
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1. INTRODUCTION

The study of hydraulic phenomena is complex and problematic. One issue is the analysis of
flow velocity profiles for their various applications [1].

Fluid flow is a crucial part of performing operations in industrial plants or driving flows through
geographic regions, where the effects of changing direction and velocities of fluids are of great
importance [2] [3].

Simulation models of both compressible and incompressible flows are important for the
analysis and design of accessories, equipment and facilities that require general fluid transport
systems [4].

The optimization of hydraulic systems is based on carrying out tests and simulations for the
improvement of processes [5] [6].

The different existing fluids are used in processes such as driving lines in industrial plants,
manufacturing and irrigation channels. They are transported by means of piping systems, in
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which a previous design must be carried out and the use of elbow fittings as a fluid diversion
mechanism is completely necessary [3].

It is essential to adequately design and implement fluid driving systems in the field of
agriculture, because water is a fundamental resource and extremely useful for various
agricultural activities. However, optimum use is required, considering the scarcity of water in
some areas. With the completion of an effective irrigation system, it is possible to use the water
efficiently, ensuring quality production at the level of both small and large producers [7].

Therefore, it is important to analyze the variables that exist in the driving system, focusing on
the velocity profiles generated in this type of accessory [8].

Circular section pipes are the most frequent, because their shape provides greater cross section
and structural strength for the same outer perimeter than any other geometric shape [9] [10].

The many and diverse factors that influence the obtaining of a satisfactory speed in fluid
systems [11] include the type of fluid, length, type of devices used, type of pipe, drops in
pressure that the system can tolerate and the friction of the fluid with the duct. This was
mentioned by Anaya and Segovia [12] in their investigation which analyzed the mathematical
models that describe, by means of an explicit form, the friction factor for a fluid in a pipeline.
They compared the numerical values of said factors with respect to the Colebrook-White
equation and the Kérman number [ 12].

The flow velocity increases when the area in the flow path decreases, thus smaller diameter
tubes generate high velocities and larger tubes cause low speeds [13].

In a fluid transport system it is advisable to keep the speeds low, because if speeds are too high
the problem arises of friction wear on the walls, which can destroy the pipe wall and leave it
exposed to corrosion [14].

In the same way, if the speed is too low, solids may plug up the pipe, reducing space within the
pipe and making it difficult to operate the system [15].

Elbows are essential coupling accessories due to the changes of direction that the flow must
take to give flexibility to the system [6].

When the flow leaves the elbow, the whirlpools produced by the separation create considerable
pressure loss [16]. The reasons for this change of direction are based on the result you want to
achieve. For example, in a heat exchanger, one needs a greater energy transfer between the fluid
and the solid walls with which it is in contact; this is also true for steam generators, refrigerators,
vehicle radiators and other similar systems [17] [18].

Another use of elbows within the system is the effects of mixing that are induced at the outlet
of the system after passing the flow through curved passages [14].

The flow velocity in a circulating pipe can vary from one point to another of the cross section.
The speed beside the pipe wall is negligible, because the fluid is in contact with the stationary
pipe [19].

As the fluid moves away from the wall, the velocity increases and reaches a maximum at the
center line of the pipe [20]. Research carried out by Badano and Menéndez [5], where they
defined, by means of a mathematical analysis with the aid of software, that velocity profiles
show a systematic sensitivity to the Reynolds number. They observed that before the elbow,
higher speeds are present in the center of the duct.
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Studies carried out regarding conduction in curved pipes have been able to determine certain
patterns that appear in the flow. Vera’s study [14] dealt in part with of the importance of
numerically studying the velocity and pressure field in horizontal pipes with the use of standard
elbows, where areas of slower speed inside a pipe have a combination of elbows of circular
cross sections used as phase separators. This research was developed numerically using the
Fluent ANSYS program.

In the same way, in his analysis, Jinés [4] studied the distribution of velocities in the three axes,
turbulence, temperature, density and compressive stresses of the fluid on walls of pipes and
accessories, in addition to the fluid’s energy kinetics using a program that allows one to
simulate the behavior of fluids in heterogeneous conditions.

Through these studies, it has been established that when a fluid enters a curved pipe of circular,
square or elliptical cross section, an imbalance occurs between the centrifugal force and the
radial pressure gradient and these two factors act in opposite directions in each element of the
fluid [2] [21].

This document also provides a basis for the proper design and implementation of velocity
profiles within elbow fittings using software to simulate flow behavior.

2. MATERIALS AND METHODS
2.1. Geometric Model

The pipe used to carry out the study is commercial steel ID no. 40, with an internal
diameter of 0.0797m. It consists of 3 parts: the first is a straight 0.5m-long pipe, a 90°
elbow, which has an average curvature radius of 0.10m, and finally a straight 0.3m-long
pipe. This geometry is presented in figure 1. The analysis was based on velocity profiles
inside the elbow with the help of a current simulator by creating a mesh and respective
mathematical modeling.

0.5m

we o

Figure 1. Geometry under study

Source: Authors
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2.2. Fluid Model

Within the problem, the constant flow used was a viscous, incompressible fluid i.e. it had
constant and isothermal density and the working fluid was water. Gravitational effects were
considered. The specified temperature was T=20°C and the density and viscosity of water were
p=998kg/m3 and p=1.02x10"3kg/(ms) respectively. These values were present in tables [20].
The flow velocity at the entrance averaged over the cross section of the pipe, V=5m/s. To
determine the flow regime, the following equation (1) was used:

pVD (1)

where:
D is diameter, V' is velocity, p is dynamic viscosity and p is fluid density.

If the Reynolds number is relatively small, the flow is laminar; if it is large, the flow is turbulent.
As one can appreciate in the definition of the Reynolds number, it is not only the flow velocity
that determines the character of the flow; its kinematic viscosity and the diameter of the pipe
are equally important [5].

For practical engineering purposes, the values normally taken for flows in round section pipes
are the following: the flow is laminar if the Reynolds number is less than approximately 2100,
it will be turbulent for numbers greater than about 4000 and between 2100 and 4000, the flow
is called transition flow [14].

Upon developing equation 1, it was determined that the Reynolds number for this case was
8.6x10°, thus flow was considered to be turbulent.

2.2. Turbulence Models

In order to obtain a better analysis, it was necessary to keep in mind the effects provoked by
the turbulence. Due to this, one must use a turbulence model in the simulation process to obtain
better results.

Turbulence models are generally classified according to the relevant equations, for example,
Reynolds-Averaged Navier-Stokes (RANS) or Large Eddy Simulation Equations (LES). In
addition, one must find a breakdown according to the number of transport equations that must
be solved in order to calculate the contributions model [22].

The k-& model is the most well-known and is used in virtually all commercial programs for
fluid studies [14].

The Standard k-epsilon model is robust, economical and reasonably approximated for a wide
range of turbulent flows; for that reason, it is widely popular in industrial flows and simulations
of heat transfer [5].
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In this study, the feasible k-& model (k-g-r) was used.

The term feasible means that the model satisfies certain limitations in terms of normal forces,
thus fulfilling the physics of the turbulent flows. To understand this, we considered and used
the Boussinesq approximation and the turbulent viscosity definition to obtain the following
expression for Reynolds normal force in an incompressible flow:

,', 2 Ju (2)
ului=§k—2vtﬁ
,‘, 2 Ju (2)
uluizgk—thax

The feasible k-¢ model differs from traditional k-¢ models, due to the following- it has a new
equation for turbulent viscosity, involving the variable Cp, originally proposed by Reynolds,
and a new equation for the dissipation of turbulent kinetic energy, based on the equation of the
mean root of the fluctuation of the vorticity.

The turbulent kinematic viscosity is obtained:

_ Mg
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Therefore, the equations for the feasible k-¢ are the following: equation 5 for (k) and equation
6 for (g).
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where:
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The difference between the k-€ model and the feasible k-¢ model is that Cp is not constant; its
formula is now:
1
C

H_A0+AS% (10)

where:

‘Qij = .Ql] - ZEijka

(12)

In these proposed equations, G,represents the generation of turbulent kinetic energy due to low
velocity gradients. G, describes the generation of turbulent kinetic energy produced by
flotation. Yy, represents the generation of energy due to fluctuating compression in turbulent
compressible flows.

In the same way, Q;; = Q;; — €;j,WxYy€;;is the rotation tensor seen from the reference point of

the angular velocity (wy).
The constants A, and A are given by: A, = 4.04 and A,_V6cos®, where:
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Cy¢, Cye, C5¢ are constants. gy, y g, are Prandtl numbers for k and ¢ respectively.
The coefficients that one obtains are the following:

v
u

Cie = 1.44, Cpe = 1.9, C3, = tan |~|, o = 1.0, 0, = 1.2

4. RESULTS AND DISCUSSION

4.1. Multiphase bypass meshing
Meshing is one of the most important parts for the purpose of simulation as results will also
depend on its quality. Once the 2D drawing of the elbow is completed, one proceeds to the
meshing stage. The smaller the cells, the more the simulation will reflect reality.

Through the multiphase flow evaluated with Fluent of ANSYS, in this study, the effect of
velocity, pressure and turbulence in commercial steel tubes was analyzed using the k-& model
with a velocity of 5m/s. All this will be detailed later with various graphs in the results section.
The fluid that we worked with was liquid water at a temperature of 20°C and the simulations
were carried out with Fluent in 2D due to the high computational resource that simulations in
3D provoke. Figure 2 shows the mesh of the elbow.

0,00 50,00 100,00 (mm)

—
25,00 75,00

Figure 2. Mesh of the 1 mm elbow
Source: Authors
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An important aspect in CFD is the independence of the mesh, which is based on the fluid
velocity (see figure 3). There are three different velocity profiles depending on the mesh size,
which can be thin, medium and thick, corresponding to 1, 3 and Smm respectively, where fine
meshing improves the flow velocity profile. Due to this, when working with fine mesh,
calculations are most approximate to reality. The analysis for the mesh independence was
carried out at the accessory’s outlet at the end of the curve.

Velocity profile :

0,3
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0,2t
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=
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i 2 3 4 5 & 7
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Figure 3. Independence of the mesh, based on velocity.

Source: Authors

From this point on, the results obtained in the elbow were with the fine mesh, because of the
characteristics and advantages that it provides in comparison to the medium and thick mesh.

The convergence of the residuals is the first step in validating the solution since it must

converge in order for one to know that the iterations made are correct and the answers obtained
will be reliable.

Table 1. Characteristics of the different meshes

Source: Author

Mesh Type No. of Iterations No. of Nodes
Imm mesh (thin) 982 77669
3mm mesh (medium) 174 9009
Smm mesh (thick) 88 3293

d0i:10.20944/preprints201805.0077.v1
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Table 2 details some characteristics obtained with the variation of the mesh thickness. It was
possible to highlight that the difference between the number of nodes of each mesh varies
drastically, so the results would also vary.

4.2. Numerical Simulation of the Fluid

The graphs of turbulence, velocity, static pressure and others, which are detailed below and
each represent the behavior that registered the fluid flow inside the accessory with the fine mesh
and the variables at the entrance of the elbow, such as the velocity, temperature and Pressure.

-1.941e+004
[Pa]
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0 0.100 0.200 (m) 17_. X
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Figure 4. Pressure Contour

Source: Authors

In Figure 4, it can be seen that the pressure in the pipe extension through which the fluid enters
increases relatively. This clearly indicates that pressure is linked to fluid velocity, since in the
longest extension of the outlet the pressure is moderate, which indicates a decrease in turbulence
in the fluid particles. In the same way, another critical point is in the external part of the
curvature area, whilst the least affected area is the lower part of the accessory.
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Figure 5. Turbulence Contour

Source: Authors

Figure 5 shows a distribution of turbulence at the end of the pipe; at the outlet, the turbulent
effects descend the section. There is greater turbulence at the curvature outlet.

When the flow of a fluid enters an accessory, in this case a 90° elbow, the velocity profile is
affected, meaning that in certain parts of the accessory the flow is accelerated and in other parts
decelerated.

[m s"-1]
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0.050 0.150

Figure 6. Velocity Contour

Source: Authors

The behavior of the velocity inside the elbow can be seen in Figure 6, where we notice that the
greatest variation occurs the accessory’s curvature and its outlet. Regarding the velocity that
occurs in the elbow in this sector, turbulence is maximum, friction increases and deviation
causes velocities to concentrate in the smaller curvature radius of the outlet duct. On the inner
side of the outlet duct, a separation zone is formed by the combined effect of the kinematic and

10
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vortex viscosity and velocities then diffuse until the original distribution is recovered, although
the effect of the elbow can still be observed at a great distance downstream.
One can appreciate that lower velocities occur in the area of greater radius within the accessory,
because in this part there is greater friction with the wall which causes it to slow down.

Velocity
Vector 1
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0.000e+000

[m st-1] .\t::t 'M'
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I T ] |
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Figure 7. Velocity Vector

Source: Authors

Figure 7 presents a distribution of the velocity vectors in the internal structure of the pipe and
the accessory. An approximation is made, where the direction in the flow was noticed, as well
as which vectors show more deviation in the accessory.

5. CONCLUSIONS AND RECOMMENDATIONS

It is important to analyze the velocity profiles and directions that the vectors take because this
allows one to evaluate some problems that may occur due to the fluid that circulates inside the
elbow.

The implementation of elbows is necessary in adequate systems for crop irrigation. Both small
and large producers can implement systems with the results obtained to improve the design in
the fluid distribution system in order to prevent damages to the system which may occur and in
the same way prevent crop production from being affected.

In irrigation systems, which are useful to the agricultural industry, the design and analysis of
the behavior of turbulence minimizes the sedimentation that can occur in the pipe in such a way
as to allow one to reach long distribution lines with optimal uniformity of emission.
The simulation with CFD helps to model the internal behavior of the fluid, as well as to better
understand  the  change  of  properties and  variables of  conduction.
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The profile of static pressure is important, because it shows the distribution of the flow that
takes place in the accessory. Forces are applied at their maximum values in this region,
demonstrating reliability in the simulation.
Small meshes are recommended so that there is a greater number of nodes and the results
obtained are completely reliable.
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