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Abstract

The current research deals with vibration induced due to flow of fluid in different sections
such as circular and square. The vibration is due to turbulence in the flow process of fluid.
This occurs as the major flow follows discontinuities such as irregular bending, tees,
incomplete close of valves and small-bore connections. The variation of vibration
significantly depends on designing pipe sections, stiffness of supporting configuration and
way of operating valves. Designing of pipe sections using ANSYS SPACECLAIM in which
three types of sections are designed such as straight rectangular section, rectangular section
bent with sharp outer corner and rectangular section bent with round corners. All these
sections induce different levels of vibration depending on downstream kinetic energy at low
frequency. Then computational fluid dynamics simulation, FLUENT launcher is used for
simulation with specific dimensions of geometry which consist of both solid and fluid
regions. Boundary conditions are updated with low frequency as 20Hz.The analysis and post-
processing of pipe system, the inlet valve velocity is given as 5 m/s and outlet valve velocity
is retained with default velocity. The SST k-omega turbulence model is selected and analysed
with boundary condition. Finally, post processing two contours are created representing static
pressure and velocity magnitude.
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1. Introduction

Today, in fact, the complex behaviour of time-dependent flows in pipe systems is used to
boost the energy efficiency of internal combustion engines [1]. It is therefore important to
consider the dynamic behaviour of fluid flow inside the pipe under unsteady boundary
conditions. Many problems are found in conjunction with the ICE exhaust system. Example,
obtained analytical results on the problem by developing a one-dimensional approach for
modelling the steady flow of fluid in shock pipes [2][3]. Several other attempts at
computational simulation of unsteady pipe flow have been presented in earlier studies [3].
The findings of a comprehensive experimental analysis of the complex activity of pulsating
currents in the pipe were discussed by a group of researchers who conducted noise
measurements along a straight pipe [4]. Analogous to mechanical vibrations, dynamic
parameters for the hydraulic system under consideration, such as self-frequency, damping,
etc., may also be calculated [5]. From a theoretical point of view, these criteria are not well
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researched owing to the complicated definition of the time-dependent, turbulent flow of the
viscous, compressible fluid, as evidenced by an analysis of the related literature [6][7].
2. Materials and Methods

2.1 System Circuit Duct

The flow induced vibration is considered as multi-physical problem. This problem is solved
in a virtual environment using Ansys. This problem has an ability to interconnect individual
engineering areas like flow and structural engineering. The whole geometry is divided into
three parts [8]. The length of first part is 7m. It begins with rectangular section and ends with
sharp bent rectangular section. The length of second part is 4m. It begins with sharp bent
rectangular section and ends with round corner rectangular section. The length of third part is
3m [9]. It begins with round corner rectangular section and ends with plane rectangular
section. The figure below shows the flow of fluid through different section of complete

system with inlet velocity as 5m/s.

Bend with sharp
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Figure 1 System Circuit Duct
Part Width Height Thickness | Collar Angle
(mm) (mm) (mm) thickness | (degree)
(mm)
300 150 1 1 0
2 300 150 1 1 90
3 300 150 1 1 90

Table 1dimensions of steel chimney including reduced thickness

As said above, the complete circuit duct has three parts. All the parts are made up of
galvanized sheet. The corner rectangular section is provided with collar thickness as 1mm.

2.2 CFD Simulation

The CFD simulation is explained as Activate Watertight Geometry Workflow as shown
below.The Local Sizing input as "no" and Create Surface Mesh. In surface meshing, the
Minimumand Maximum Size should be mentioned as 20 and 200 mm respectively. The
curvature and proximity settings for sizing functions left as default [10]. As, Geometry
consists of both solid and fluid regions, the cap openings and extract fluid regions are
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nil.Boundary change "Select By" option to "label", Select “velocity” for inlet and “pressure”
for outlet. Now, the regions “estimated number of fluid region as one”. The fluid region type
is “air volume” and solid region type to part 3.2 solid. The volume mesh simulated as
follows:

Select offset method type as “smooth transition”.

Give number of layers as 3.

Select transition as 0.272.

Select growth rate as 1.2.

Fill it with “tetrahedral meshing”.

® a0 o

After CFD, the circuit duct is processed with volume meshing and it is shown below.
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Figure 1Inflow, outflow and complete circuit duct

3. Analysis and Results

The analysis and post-processing are carried out as follows: Setting up physics, Viscous
Model: In the Setting Up Physics tab, click Viscous and activate the SST k-omega turbulence
model and Boundary conditions: Set inlet velocity to 7.5 m/s and retain default values for
outlet. Then solving involves Pressure-Velocity Coupling scheme to Coupled, Pseudo
Transient near the bottom of panel [12][13]. For most incompressible flows, these settings
offer superior convergence to default settings [11].

To complete the final analysis, define surface report to plot the area weighted average of
static pressure on the inlet. The inlet pressure is the quantity of interest for this simulation and
the report plot will help to ensure that its converged value has been established. To generate
results, set the number of iterations to 200 and Residuals decrease monotonically until
convergence criteria are achieved. Plot of inlet pressure shows that final value has been
attained.
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Figure 3Scaled Residuals
The above graph shows the variation of residual velocity throughout the length of circuit
duct, calculated for different iterations. Once the variation of pressure and velocity is
observed, the problem is carried with post-processing. The fluxes, in the Post processing tab
and perform a mass balance [14]. The net imbalance is several orders of magnitude less than
the inlet flow rate, indicating excellent mass conservation has been achieved in the numerical
solution.
a. First combination.
i.  Mass Flow Rate (kg/s)
Inlet: 0.26958688
Net: 0.26958688
b. Second combination.
ii.  Mass Flow Rate (kg/s)
Inlet: 0.26958688
Outlet: 0.26944361
Net: 0.00014327551
c. Third combination.
iii.  Mass Flow Rate (kg/s)
Inlet: 0.26958688
Interior--air-volume: 2.6410467
Outlet: 0.26944361
Net: 0.00014327551
d. Total heat transfer.
iv. inlet: 0
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Outlet: 0
Net: 0
e. Radiation heat transfer.
v. inlet: 0

Outlet: 0

Net: 0
Create an iso-surface of Z-coordinate = 0 to display the solution on a plane through the centre
of the flow passage. Create contours of static pressure and velocity magnitude on the z=0 iso-
surface. Contour representing static pressure.
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Figure 4 Static Pressure and Velocity Magnitude at Z=0
Finally, the path line was created as shown below.
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Figure 5Path line fluid flowing through circuit duct

4. Conclusions
A high quality CFD volume mesh was created with tetrahedral cells and boundary layers.
Persistent graphics objects and scene displays were created in post-processing which shows
variation of static pressure and velocity magnitude. The flow induced vibration Geometry
workflow in Meshing mode enabled CAD import, volume extraction and meshing through a
sequence of pre-defined tasks with simple and intuitive user inputs. From the above
calculation it is clear that the net imbalance is several orders of magnitude less than the inlet
flow rate, indicating excellent mass conservation has been achieved in the numerical solution.
From the simulation it is evident that Total heat transfer and Radiation heat transfer from the
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inflow and outflow is zero. Hence, the possibility of inducing vibration is very less. To
conclude, the pipe flow can be adopted in practice after considering various factors.
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