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ABSTRACT

A numerical study has been carried out to determine the
characteristics of fluid mixtures with different temperatures at
90° angles using ANSYS Fluent Computational Fluid
Dynamics (CFD). The variation of the turbulence model used
is k-¢, which is standard, RNG, and Realizable with the Near
Wall Treatment method of Standard Wall Functions. The
simulation domain is 90° angled with 2 perpendicular inputs
and one output. The first step is to do a grid independence
analysis with different mesh variations to get a proportional
mesh. The research object is focused on section 6 with a
distance of 35 cm before the flow output or located at 105 cm
from the coordinate center. Validation was carried out by
comparing temperature and velocity magnitude in research
from S.N. Sridhara in section 6. It was found that the standard
k-¢ turbulence model was the best compared to the other
variations. This gives a good idea of the distribution and flow
behavior of the fluid which can be used for efficient elbow
design.
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1. INTRODUCTION

Mixing elbow is a device used in piping systems to transfer
and mix fluids of different temperatures whether in a single
phase or not. This type of mixing has many applications in
industries such as polymers, food processing and even warm
water needs. The mixing geometry usually consists of a larger
diameter 90° elbow with smaller tubing attached tangentially
[1][2]. Mixing characteristics are usually studied by means of
velocity and temperature contours in the flow plane inside a
mixing elbow. Both computation and experimentation are
used to predict and observe fluid flow patterns and
temperature profiles across flow paths [3]. In the process of
mixing fluids with different temperatures flow into the mixing
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chamber per second, this indicates that a comparison of mass
flow rates is needed in this case [4][5].

In this case the temperature changes that occur in the mixing of
fluid flows with different temperatures using the k-g
turbulence model (Standard, RNG, Realizable) with the Near
Wall Treatment standard wall function method are used to
study the behavior of mixing fluid flows in section 6 with a
distance of 35 cm is before the flow output or is located at 105
cm from the coordinate center [1]. This simulation also
compares the mesh quality of the three mesh variations as
shown in Table 1-3 Grid Independence Analysis on Check
Mesh Quality, the results are velocity and flow contour graphs

[61[71[8].

CFD is used as a tool for simulating fluid flow, process
evaluation and simulating component designs to solve more
complicated problems, with more detail and more precise
results [9]. The focus of this study is to numerically analyze
fluid dynamics to determine the characteristics of heat transfer
and fluid flow in a 90° elbow pipe using CFD ANSY'S Fluent.
The discretization equation uses a semi-implicit volume
approach with the SIMPLE algorithm [10]. This study uses the
k-¢ turbulence model where this model is quite complete with
two equations, namely turbulent velocity and length scales.
This turbulence model is quite economical from a
computational point of view and sufficient accuracy for
various types of turbulent flow makes the k-epsilon model
often used in fluid and heat transfer simulations [11][12][13].

Other researchers conducted similar research on simulations
that focused on performance near-wall treatment methods in
Computational Fluid Dynamics, with the turbulence models
used being k-¢ Standard (SKE), k-¢ RNG (RNG) and k-¢
realizable (RKE). . The existence of wall shear stress on the
channel in the pipe greatly influences the optimization of the
pipe design. Therefore a more detailed analysis is needed in
the area near the wall using CFD [6][9].



However, in previous studies, modeling of the 90° elbow had
not been carried out effectively by selecting the best mesh to
determine the characteristics of the fluid flow so as to obtain
an optimal and efficient 90° elbow design [14][15][16]. One
of the advantages obtained by conducting this research is that
the optimal 90° elbow design is obtained only through CFD
simulations so that it is more economical and efficient. The
parameters observed were velocity magnitude and temperature
distribution which were validated by the research of S.N.
Sridhara [1].

2. RESEARCH METHODS

This research was conducted numerically using CFD ANSY'S
Fluent. In general, the procedures performed for CFD
simulation are geometric modeling, defining boundary
conditions, meshing, then running the simulation and
analyzing the results (post-processing). This modeling uses the
Reynolds Averaged Navier Stokes (RANS) equation with the
k-¢ turbulence model. This modeling is economical and able to
analyze wall shear stress at 90° angles [17][18][19].

In the 90° angled fluid mixing simulation, we use Fluent CFD
software. This research uses a 2D solver, steady-state, with
turbulent flow k-¢ in the form of a near wall treatment of the
standard wall functions method that already exists in the k-¢
model [9].

2.1 Geometry of Fluid Mixing

Figure 1 shows the geometry is a simulated geometry in the
form of a 90° angle with two mutually perpendicular inlets and
one outlet. The center of the x-y coordinate is placed on the
side of the inlet 1 with the x-axis horizontally and the y-axis
vertically to the elbow. Inlet 1 is placed on the x-axis, inlet 2 is
perpendicular to the x-axis with a distance of 50 cm from the
coordinate center. While the outlet is 193 cm from inlet 2. The
flow through the inlet is uniform with different speeds and
temperatures as shown in Figure 1. Meanwhile Figure 2 shows
the location of the objectivity of this study, namely in section 6
which is located at 35 cm from the outlet.
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Figure 1: Geometry of the 90° Elbow
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Figure 2: The Objectivity Focus of the 90° EIbow Research

The inlet boundary conditions used are velocity inlets. While
the outlet boundary conditions used are pressure outlets. Wall
boundary conditions are assumed to be no-slip conditions and
stationary wall conditions. Flow is assumed to be
incompressible [9][20].

The meshing used is shown in Figure 3. The following
variations of the 90° angled mesh.

(b)

(©

Figure 3: Variation of 90° Elbow Mesh
namely: (a) Coarse, (b) Medium, and (c) Fine



3. RESULTS AND DISCUSSION

3.1 Grid Independence Analysis

Grid Independence Analysis is used to determine the best
meshing model by considering the quality of the resulting
mesh, both element quality and number of elements [6][7].

Table 1: Coarse mesh grid independence analysis

Mesh Number of Mesh Skewness
Type Elements Metrics
Min 3.626
Max 0.378
Coarse 78 Average 9.029
Standard
Deviation 0.125

Table 2: Medium mesh grid independence analysis

Mesh Number of Mesh Skewness
Type Elements Metrics
Min 1.305
Max 0.589
Medium 3890 Average 3.260
Standard
Deviation 7.707

Table 3: Fine mesh grid independence analysis

Mesh Number of Mesh Skewness
Type Elements Metrics
Min 1.305
Max 0.601
Fine 24806 Average 2.430
Standard 8.963
Deviation

Taking into account the quality of the mesh in the three mesh
variations as in Table 1-3 above, the fine mesh has the smallest
skewness value so that the fine mesh is used for further
simulations with variations of the k-¢ turbulence model.

3.2 Standard Wall Functions

standard wall function is a near wall treatment that is carried
out on a 90° elbow simulation of the k-¢ turbulence model with
a smooth elbow mesh variation for further testing.

Table 4: Results of simulated 90° elbows on fine mesh

Turbulenc Wall
Convergenc
e models Treatment . v+
k-g Method
1.8474
Standard 55 5 i
Standard
RNG Wall 82 50.5;723
Functions
Realizable 138 50-4;775

From table 4 above it can be concluded that y+ and
convergence have the least value in the standard turbulence
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model. This indicates that the best simulation results occur in
the geometric mesh.

Figure 4 shows a comparison of the velocity magnitude profile
graphs between the turbulence models in section 6. If you look
at it and make observations that the standard turbulence model
has graphic results close to that of S.N. Sridhara [1], compared
to the RNG and Realizable turbulence models. Section 6 is
located 35 cm before the flow output or 105 cm from the
coordinate center as shown in Figure 2.
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Figure 4: Graph of the Line Velocity Magnitude of the 90° Elbow in
Section 6

Figure 5 shows a graphical comparison of the temperature
profile between the turbulence model and the reference in
section 6. If one looks at it and observes that the standard
turbulence model has graphic results close to that of S.N.
Sridhara [1], compared to the RNG and Realizable turbulence
models.
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Figure 5: Graph of Line Temperature with a 90° EIbow in Section 6

3.3 Velocity Profile Contours

The velocity profile of the mixer elbow at inlet-1 speed is 0.2
m/s and 2-inlet speed is 1 m/s as shown in Figure 6. For inlet-1
speed at 0.2 m/s, the simulation is carried out using the
k-turbulence model € (Standard, RNG, Realizable) with Near
Wall Treatment standard wall function method. With
reference to the flow diagram, due to the venturi effect near the
inlet-2, the velocity fluctuates slightly and shifts upward due to
the faster movement of the fluid. This indicates the proper
need of mixing hot and cold water. In the fluid velocity layer at
the center of the elbow, the velocity increases to compensate
for the reduced velocity of the fluid layer near the wall surface.
This gives rise to a velocity gradient across the angled section.



The area closest to the wall shows a nearly linear velocity
profile, [1][11][21].
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Figure 6: Contour Velocity Magnitude Elbow 90° with k-¢ Standard

From Figure 6 above it can be seen that the fluid coming from
inlet 1 and inlet 2 is mixed after going through a 90° elbow.
This is clearly visible with the green contour. This shows
sufficient accuracy in the standard k-¢ turbulence model.

3.4 Temperature Profile Contours

The temperature profile is the second important profile to
consider apart from the velocity profile. The temperature
contour of the standard k-¢ turbulence model at a 90° angle is
shown in Figure 7. It can be seen that the proper mixing flow
has not occurred perfectly, perhaps because the flow velocity
at inlet-2 is not high so that at the upstream elbow section 6
near the outlet it is still not perfectly mixed [1][4].
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Figure 7: Temperature contour of 90° elbow with k-¢ standard

From the visualization shown in Figure 7, the fluid starts to
mix shortly before the outlet, but this mixing is not perfect.

3.5 Vectors Velocity Contours

In choosing the turbulence model, it greatly influences the
condition of the flow velocity in the velocity vectors, with
reference to the flow diagram, due to the venturi effect near
inlet-2, the velocity fluctuates slightly and shifts upward due to
faster fluid movement. This indicates the proper need of
mixing hot and cold water. The velocity layer in the fluid at the
center of the 90° elbow, the velocity increases to compensate
for the reduced velocity of the fluid layer near the wall surface
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this gives rise to a velocity gradient across the angled section.
Areas that are very close to the wall show a nearly linear
velocity profile [9][21].

With the velocity vectors data, we can see that if there are two
fluid supplies that have different temperatures, there will be a
mixing of temperatures, where the one that was previously
hotter will go down, but the one previously below will be up so
that the temperature will be the average temperature [1] [4].

(BT .

Figure 8: Contour velocity vectors angled 90° with k-¢ standard

From the velocity vector distribution in Figure 8 above, it can
be seen that the direction of the vector turns towards the outlet.
This indicates that the beginning of the separation on the wall.
Therefore, it is important to do further analysis to get the
optimization of fluid mixing with different temperatures.

4. CONCLUSION

This simulation is used to determine the flow characteristics in
mixing fluids with different temperatures. Investigate proper
mix output with different flow rates and flow temperatures.
The best mesh results are selected as a simulation model
(CFD).

To find out the accuracy of this numerical method, validation
has been carried out with the research of S.N. Sridhara and the
simulation results are almost the same.

From the results after the simulation, the temperature profile
contour and velocity magnitude that occur at the upstream
elbow in section 6 before the outlet have started to mix
perfectly which indicates sufficient accuracy in the standard
k-¢ turbulence model
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