TUTORIAL : INVESTIGATE EROSION IN A 180DEGREE_U-BEND USING FLUENT
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Introduction

The purpose of this tutorial is to use the DPMs&no model to analyze the erosion due to

particle impact on a three dimensional 180 degrdxebd with pipe diameter of 0.50 inches.
Erosion in U-Bend is a common phenomenon in pneigrnahveyor and other fluid handling
equipments with entrained solid particles. Aftars tutorial, the students should be able to

Use Discrete phase model to analyze erosion in-Berl
Set-up the case with appropriate material, boundanglitions and solver settings

Post process the results to determine the magnitndédocation of erosion in a U-
Bend

Prerequisite:

This tutorial assumes that you have basic undeistg of fluid mechanics and you are familiar
with the FLUENT interface. You should have gooderstanding of the basic setup, solution
procedure, and discrete phase model. You are eegazrun GAMBIT tutorial “Modeling
Three Dimensional U-BEND in GAMBIT” and the mesleft3d180Deg.msh”

Problem Description:

The configuration consists of a 0.50 inch (12.5 miigmeter pipe with U bend. The length of
the pipe at the end of the U-Bend is 2.5 inches5(2n) long (5 times pipe diameter) as shown
in Figure 1. Air flows in the pipe with entrainedlid particles at 15m/s normal velocity and the
outlet is assumed to be an outflow boundary. Temilisothermal, and steady state conditions
will be considered to solve the flow field. Sofidrticles with 1500 kg/fndensity (i.e. sand) are
released from the inlet of the pipe with an initialocity of 15.24 m/s assuming no slip between
the particle and fluid. 50 micron particle diamiégeused in this analysis with mass flow rate is
1 kg/s.

The normal and tangential reflection coefficientttee wall boundary is a polynomial function
of the particle impact angle. The diameter functoa defined at a value of 1:3éThe velocity
exponent function is set to a constant value & 2.
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U-Bend geometry with 0.5 inch diameter pipe

1. Start 3D mode of Fluent

2. Gotofile read -case. Select fild8d180deg.mslas shown in figure 1.

[ FLUENT [3d, pbns, lam] a
File | Grid Define Solve Adapt Surface Display Plot
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Write » Data...
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u Journal...
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Grid:

1. Scale the grid to inches.
a. Grid Scale
2. Grid >> Check . Read the transcript to assure that there erm in the mesh file
3. Go to display menu to display the gbisplay>>Grid. The U-bend Geometry will be
displayed as shown in Figure 2

4. SelectGrid> info and note the number of elements and nodes inethetry
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Figure 2: Grid of U-Bend

Models:
1. Click Define model Viscousas shown in figure 3
Define | Solve Adapt Surface Display Plot Report  Parallel Help

Maodels 2 Solver...
Materials... Multiphase... |
Phases Energy... '
Operating Conditions... Viscous...
Boundary Conditions... Radiaticn...
Pericdic Conditions Species L
Grid Interfaces... Discrete Phase... '
R " Solidification & Melting...

Mixing Planes...

Turbe Topology...

Injections...

Figure 3: Defining viscous model for analysis




2. Select standark-epsilon (2 egn)value and retain the default values as show urdigt.

Y Viscous Maodel XN
Model

© Inviscid

 Laminar

" Spalart-Allmaras [1 eqn]

" k-epsilon [2 eqn]

" k-omega [2 eqn]

*" Reynolds Stress [¥ eqn)

" Detached Eddy Simulation

" Large Eddy Simulation [LES)

oK | Can[:el| Help |

Figure 4: Viscous Model

Models

3. Click onDefine Model Discrete Phaseas Materials..

shown in figure 5 and follow as shown in figure 6 opasing condions.

Boundary Conditions...

Grid Interfaces...
Dynamic Mesh
Mixing Planes...

Turbo Topology...

Injections...

Enableinteraction with Continuous Phase
Set the Number of Continuous Phase lterations per
DPM lteration to 5. (Figure 6)

Set the step Length Factor to 5.

x
Define | Solve Adapt Surface Display Plot Report

*

Solver...

Multiphase...

Energy...

Viscous...

Radiation...

Species

Discrete Phase...
Solidification & Melting...

Enter 10000 for Max. Number Of Steps in the Tragktarameters group box.(Figure 6)

Parallel Help
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Figure 6: Defining discrete phase model (DPM) optins

8. Click on thePhysical Modelstab in Figure 6 and check on enaBl®sion/ Accretion as

shown in Figure 7.

2 Discrete Phase Model n - ‘

Lx ]

Interaction Particle Treatment
M Interaction with Continuous Phase I” Unsteady Particle Tracking
™ Update DPM Sources Every Flow lteration
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0K | Injections... | Cancel | Help |

Figure 7: Selecting Erosion/Accretion option of dicrete phase model

9. Click OK to close the DPM panel.



Operating Conditions

1. Define Operating Conditions as shown in figure 8.

EY FLUENT [3d, pbns, lam]
File Grid | Define | Solve Adapt Surface Disple

Buildinc Models ]
ri
ﬂat Materials...
int Phases..,
don i .-
Zo1 Operating Conditions...
Boundary Conditions...
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Grid Interfaces...
she Dynamic Mesh 3
Done. Mixing Planes...
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Select Injections...
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Select i

| Custom Field Functions...

Figure 8: Define @pating conditions

2. Retain the default values as shown in figure 9.

Y Operating Conditions X

Pressure Gravity

Operating Pressure [pascal] || | Gravity
1101325

Reference Pressure Location
x[m]|n

Y (m] g

Z[m] o

oK | Cancel| Help|

Figure 9: Operating conditions default values



Injections:

Note: In this step you will define a surface itjen for discrete phase calculations. You will
enter the initial conditions that define the stagtvelocities and other parameters for the
particle stream.

1. Click Define Injections
2. Click thecreatebutton to open Set Injection Properties Panel asshn figure 10.

Q Injections

Injections El=l Create

EELElE g

Injection Name Pattern

l— Match

| Cluse| Help|

Figure 10: Set Injections

3. Select surface from the injection Type drop-doven (Figure 11)
4. Select Velocity Inlet from the Release From Suréagelection list.
5. Specify the range of the initial conditions in pgimoperties tab as displayed in table

below. Make sure that the injection directionsiarthe inlet direction of the elbow

Parameter Value
Z- Velocity -15.24 m/s
Diameter 50e-06m

Total Flow Rate 1 kg/sec




8.
9.

&Y set Injection Properties X ]

Injection Name

|injectiun—ﬂ

Injection Type Release From Suﬁacesﬂj
‘surface j default-interior

Particle Type Laws
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I Scale Flow Rate by Face Area
I Inject Using Face Normal Direction
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Figure 11: Injection properties

Click the Turbulent Dispersion tab and enable Discrete Random Walk model in the
Stochastic Tracking group box as shown in figure 12

Set the Number of Tries to 10.

Click OK to close the Set Injection Properties pane

Close the Injections Panel.

Materials (Inert Particle)

P w0 P

Click onDefine  Materials
Select inert- particle from the Material Type dralown list.
Entersandfor Name.

Enter 1500 kg/rifor Density as shown in figure 12.



g Materials l X))

Name Material Type Order Materials By
|sand |iner1—partic|e || * Name
~ o
Chemical Formula Fluent Inert Particle Materials Chemical Formula
| |anthracite j Fluent Database...
User-Defined Database...
|nune
Properties
Density [kg/m3) | B =
constant -
[1500
[ =~
Change{Create | Delete | Close | Help |

Figure 12: Defining solid particle properties

5. Click Change/Create and close the panel.

Boundary Condition

1. Click Define  Boundary Conditions

2. Set the boundary conditions for the fluid zone.

3. Selectwater-liquid in the Material Name drop-down list and retain de¢ault values for
rest of them and click ok to close Fluid panel.

4. Now select the boundary conditions for inlet zone.

5. Enter 15.24m/s for velocity magnitude.

6. Selectintensity and Hydraulic Diameter from the Turbulence Specification method
drop down list.

7. Enter 5% and 0.0127m for Turbulence Intensity agdriulic Diameter.

8. Click OK to close the Velocity Inlet panel.

9. Now, set boundary conditions for the wall zone.

10.Click the DPM tab.

11.Click the Edit button to the right of the Normalegrdown list in the Discrete Phase
Reaction Coefficients group box to open the Polyiabprofile panel.

a. Increase the number of coefficients to 4.



b. Set the values as displayed in table below.

Coefficient Value
1 0.993
2 -0.0307
3 4.75e-04
4 -2.61e-06

c. Click OK to close the Polynomial profile panel.
d. Click the Edit button to the right of the Tangenbp-down list to open the
Polynomial profile panel.

e. Increase the number of coefficients to 4 and sev#iues as shown below.

Coefficient Value
1 0.998
2 -0.029
3 6.43e-04
4 -3.56e-06

f. Click OK to close the Polynomial Profile panel.

g. Select piecewise-linear from the impact Angle Fiorctirop-down list in the
erosion model group box to open the Piecewise -driReofile panel.

h. Increase the number of points to 10 and set theesalisplayed in the table below

Point Angle Value
1 0 0
2 20 0.8
3 30 1
4 45 0.5
5 90 0.4
6 135 0.5
7 150 1
8 160 0.8
9 180 0
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i. Select constant from the Diameter Function drop+dbst and enter a value of
1.8e-9.

]. Select constant from the Velocity Exponent funciilmop-down list and enter a
value of 2.6.

k. Click OK to close the Wall panel.

I. Check if the boundary type for outlet is set toflout.

m. Close the Boundary Conditions panel.

Solution

Modify the solution parameters.

2. Click onSolve Controls Solution

Enter 0.7 for Pressure and 0.3 for Momentum in.thder-Relaxation Factors group box

and click OK to close the Solution Controls panel.

4. Enable the plotting of residuals during the caltata

5. Click Solve Monitors Residual

6. Define a surface monitor for static pressure awilet.

a. ClickonSolve Monitors  Surface
b. Increase the number of Surface Monitors to 1.
c. Enable Plot, Print and Write.
Select Iteration from the When drop-down list atickcDefine to open the Define Surface
Monitor panel.
a. Select Pressure and Static Pressure from the Refpdmp-down lists.
b. Select outlet from the Surfaces selection list.
c. Select Area- Weighted Average from the Report Togqmgp- down list.
d. Click OK to close the Define Surface Monitor panel.
Initialize the solution.
a. Solve Initialize Initialize.
b. Select all zones form the Compute From drop-dogin li
c. Enter 1e+5ms® for Turbulence Dissipation Rate.
d. Click Init and close the Solution Initialization panel.
Start the calculation by requesting 400-500 itersi



a. Solve lterate Golution will approximately take 400-500 iteraticos
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10.Click onDisplay Contours.
a. Make sure that Filled is enabled and Node Valuesako enabled from the
options list.
b. Select Discrete Phase Model and DPM Erosion frabntours of drop-down
lists.

c. Select wall
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11.Click on Surface Iso clip
a. Select Grid and Z coordinate in Clip to Values of.
b. Select wall from clip surface and click compute.
c. Enter 0.02 for max and click clip.
A new surface, clip z coordinate-4 will be displdye theClip Surfacelist

d. Click Manage
i. Rename clip-z-coordinate-4 to elbow-1
ii. Close the surface panel.

e. Close the Surfaces panel.

f. Go back to Display Contours and select elbow-1.
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