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Consider a fluid flow through a sudden expansion in an axisymmetric pipe. The
flow is laminar and axisymmetric. Due to symmetry, the computational domain
covers only half of the pipe. BD is the axis of symmetry. The radius R1 = 1m
and R2/R1 = 2.

L1/R1 = 20 and L2/R2 =50. The inlet velocity at AB is uniform, U1 = 1. m/s.
The fluid exhausts into the ambient atmosphere which is at a pressure of 1 atm
at CD. The density p = 1kg/m? , and the dynamic viscosity is:

i = 3.61x 10°%kg/(ms).
The Reynolds number Re at AB = (2 R1 p Ul) /u =55.4.

This Re value is selected to match one of the experimental cases in the paper
by Hammad et al. (1999).

Use FLUENT via ANSYS Workbench to predict the flow and validate your
results by comparing them with those in the following journal papers:

1- Macagno, E. and Hung, T-K. “Computational and experimental
study of a captive annular eddy”, J. Fluid Mech. vol. 28 (1967)

pp. 43-64.

2- Hammad, KJ, Otugun, MV and Arik, EB “A PIV study of the laminar

axisymmetric sudden expansion flow”, Experiments in Fluids 26 (1999)
pp. 266-272.



Step 1. Pre-Analysis & Start-up

Preliminary Analysis

The computational domain consists of 2 parts: one for the small pipe and the
other for the larger pipe. In the small pipe, the viscous boundary layer grows
along the pipe wall starting at the inlet, and eventually a fully-developed
velocity profile forms provided that the small pipe is long enough. As that flow
passes through the expansion entrance, a recirculation zone forms in the
corner of the larger pipe. The flow will become fully developed again after
sufficient distance downstream from the recirculation zone.

We'll create the geometry and mesh in ANSYS 14.0 which is the preprocessor
for FLUENT, and then read the mesh into FLUENT.

Start ANSYS FLUENT

Prior to opening ANSYS, create a folder called pipe in a convenient location.
We'll use this as the working folder in which files created during the session will
be stored. For this simulation FLUENT will be run within the ANSYS
Workbench Interface. Start ANSYS workbench: Start> All Programs>
Ansys 14.*> Workbench 14.*
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Step 2: Geometry
Saving

. . . . . =)
First, save the project at this point. Click on the "Save As.." button, 245

which is located at the top of the Workbench Project Page. Save the
project as "suddenExpansionFlow" in your working directory. When you save
in ANSYS a file and a folder will be created. For instance if you save as
"suddenExpansionFlow", a "suddenExpansionFlow" file and a folder called
"suddenExpansionFlow_files" will appear. In order to reopen the ANSYS files
in the future you will need both the ".wbpj" file and the folder. If you do not have
BOTH, you will not be able to access your project.

Fluid Flow (FLUENT) Project Selection

On the left hand side of the workbench window, you will see a toolbox full of
various analysis systems. To the right, you see an empty work space. This is
the place where you will organize your project. At the bottom of the window,
you see messages from ANSYS.

Left click (and hold) on Fluid Flow (FLUENT), and drag the icon into the
empty space in the Project Schematic. Your ANSYS window should now
look comparable to the image below.
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Since we selected Fluid Flow (FLUENT), each cell of the system corresponds
to a step in the process of performing CFD analysis using FLUENT. Rename
the project to suddenExpansion.



We will work through each step from top down to obtain the solution to our

problem.

Analysis Type

In the Project Schematic of the Workbench window, right click
on Geometry and select Properties, as shown below.

o Geometry ?.
3 @ Mesh = @) New Geometry..
4 a Setup % Import Geometry »
S @ Soltion 742 Duplcate
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The properties menu will then appear to the right of the Workbench window.
Under Advance Geometry Options, change the Analysis Type to 2D
as shown in the image below.
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Launch Design Modeler

In the Project Schematic, double click on Geometry to start preparing the
geometry.

At this point, a new window, ANSYS Design Modeler will be opened. You will
be asked to select desired length unit. Use the default meter unit and
click OK.

Creating a Sketch

Start by creating a sketch on the XYPlane. Under Tree Outline,
select XYPlane, then click on Sketching right before Details View. This
will bring up the Sketching Toolboxes.



Click on the +Z axis on the bottom right corner of the Graphics window to
have a normal look of the XY Plane.

In the Sketching toolboxes, select Rectangle. In the Graphics window,
create the first rough Rectangle by clicking once on the origin and then by
clicking once somewhere in the positive XY plane. (Make sure that you see a
letter P at the origin before you click. The P implies that the cursor is directly
over a point of intersection.)
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Repeat, and create the second rectangle with smaller length and width. Also,
make sure these two rectangles are connected. At this point you should have
something comparable to the image below.
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The overlapped lines of these two rectangles are extraneous and will be
removed. Under Sketching Toolboxes, click Modify tab, and cut the line
indicated by the figure below. This will delete the width of the smaller
rectangle.
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Then, trim the width (only the lower part) of the lager rectangle which overlaps
the small rectangle. You should have the image below.
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Dimensions
At this point the rectangle will be properly dimensioned.

Under Sketching Toolboxes, select Dimensions tab, use the default
dimensioning tools. Dimension the geometry as shown in the following image.
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Under the Details View table (located in the lower left corner), set H1=20m,

H2=100m, V3=1m and V4 = 2m, as shown in the image below.
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Surface Body Creation

In order to create the surface body, first (Click )Concept > Surface From
Sketches as shown in the image below.
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This will create a new surface SurfaceSK1. Under Details View,
select Sketchl (go to XYplane and expand it to see Sketch1l, click on it)
as Base Objects, and then under Surface body select the thickness to 0.1m
and click Apply. Finally right click SurfaceSK1 and select Generate to
generate the surface. You should see “1 part, 1 Body” under SurfaceSK1.
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At this point, you can close the Design Modeler and go back
to Workbench Project Page. You should see two green check marks next
to Geometry and Mesh. Press Refresh Project and Update Project,
then save your work thus far in the Workbench Project Page.
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Step 3: Mesh

In this section the geometry will be meshed. The cell numbers on the edges of
the desired mesh are shown here:
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Launch Mesher

In order to begin the meshing process, go to the Workbench Project Page,
then (Double Click) Mesh.

You may want to generate a preliminary mesh by right clicking on Mesh
(upper window) and then “Generate Mesh”.

Mapped Face Meshing

Here we are interested in creating a grid style of mesh that can be mapped to a
rectangular domain. This meshing style is called Mapped Face Meshing. In
order to incorporate this meshing style (Click) Mesh Control > Mapped
Face Meshing as can be seen below.

(D A : Fluid Flow (FLUENT) - Meshing [ANSYS Academic Teaching Advan
File Edit View Units Tools Help td e (A :g v @v
Mesh '-/; Update @ Mesh » G,\ Mesh Control ~ .‘[i; M
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e Match Control
@) Pinch
A Inflation
B Gap Tool
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Now, the Mapped Face Meshing still must be applied to the pipe geometry.
In order to do so, first click on the pipe body which should then highlight green.
Next, (Click) Apply in the Details of Mapped Face Meshing table, as
shown below.
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= Advanced
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After clicking Apply, you should see “Geometry: 1Face”. Now, (Click)
Mesh > Generate Mesh as can be seen below, and generate a rough mesh.

(G A: Fluid Flow (FLUENT) - Meshing [ANSYS Academic Teaching Ad
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The desired mesh has specific number of divisions along the radial and the
axial direction. In order to obtain the specified number of divisions Edge
Sizing must be used. The divisions along the axial direction will be specified
first. Now, an Edge Sizing needs to be inserted. First, (Click) Mesh
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Control > Sizing as shown below.
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Now, the geometry and the number of divisions need to be specified.

First (Click) Edge Selection Filter, ®, in the upper toolbar. Hold down

the "Ctrl" button and then click the edges AF and BG. Both sides should
highlight green. Next, hit Apply under the Details of Sizing table as shown

below.
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Now, change Type to Number of Divisions as shown in the image below.
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Then, set Number of Divisions to 100 as shown below.
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Change Behavior to Hard for both Edge Sizing's.

Details of "Edge Sizing” - Sizing o
= Scope

Scoping Method Geametry Selection

'Genme'trr I Edges
= Definition '

Suppressed He

Type Humber of Divisions

Number of Divisions | 100

Soift -

Curvature Normal Angle |50t

Growth Rate

Bias Type No Bias |

Follow the same procedure as for the edge sizing on the other edges. Make
sure to (Click) Mesh Control > Sizing every time. Then, generate the
mesh by clicking Mesh > Generate Mesh. You should obtain the following
mesh.
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Detail around the expansion entrance FG is presented blow.
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Mesh statistics can be found by clicking on Mesh in the tree and then by
expanding Statistics under the Details of Mesh table. It can be seen that
there are 22000 elements in the mesh above.

Create Named Selections

Here, the edges of the geometry will be given names so one can assign
boundary conditions in Fluent in later steps. The left side of the pipe will be
called "Inlet" and the right side will be called "Outlet". The bottom side will be
called "CenterLine" and the other edges are called "Wall", as shown in the
image below.

Wall

CenterLine

In order to create a named selections first Click Edge Selection Filter, i)

Then click on the left side of the rectangle and it should highlight green. Next,
right click the left side of the rectangle and choose Create Named
Selection as shown below.
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Select the left edge and right click and select Create Named Selection.
Enter Inlet and click OK, as shown below.
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Now, create named selections for the remaining edges and name them
according to the diagram. Since the “Centerline” consists of two edges thus
when naming the centerline you should use "Ctrl" to select both parts. For the
“Wall”, use “Ctrl” to select three edges.

Save, Exit & Update

First save the project in the Mesher window. Next, close the Mesher window.
Then, go to the Workbench Project Page and click the Update

Project button, 7 UpdateProject

If the Progress window shows error message like this: “Model information is
incompatible with incoming mesh”, right click on Setup in the workbench and
select “Reset”, then Update Project again.
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Step 4: Setup (Physics)

Your current Workbench Project Page should look comparable to the
following image. Regardless of whether you downloaded the mesh and
geometry files or if you created them yourself, you should have checkmarks to
the right of Geometry and Mesh.
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@ Setup

Solution

@ Results
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Next, the mesh and geometry data need to be read into FLUENT. To read in
the data (Right Click) Setup > Refresh in the Workbench Project
Page as shown in the image below.
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After you click Update, a question mark should appear to the right of
the Setup cell. This indicates that the Setup process has not yet been
completed.
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Launch Fluent

Double click on Setup inthe Workbench Project Page which will bring up
the FLUENT Launcher. When the FLUENT Launcher appears change
the options to "Double Precision”, and then click OK as shown below. The
Double Precision option is used to select the double-precision solver. In the
double-precision solver, each floating point number is represented using 64
bits in contrast to the single-precision solver which uses 32 bits. The extra bits
increase not only the precision, but also the range of magnitudes that can be
represented. The downside of using double precision is that it requires more
memory.

uent Launcher (Settin it Cn
Fluent Launcher (Setting Edit Cnly) = B &

ANSYS Fluent Launcher

Dimenszion Options
2D V| Double Precision

D

Proceszing Dptions
Display Options @ Seial
| Dizplay Mesh After Reading Parallel
| Embed Graphics Windows
V| Workbench Color Scheme
Do wat show this panel again

[# Show Mare Options

Ok l | LCancel | | Help =

Twiddle your thumbs a bit while the FLUENT interface starts up. This is where
we'll specify the governing equations and boundary conditions for our
boundary-value problem. On the left-hand side of the FLUENT interface, we
see various items listed under Problem Setup. We will work from top to
bottom of the Problem Setup items to setup the physics of our
boundary-value problem. On the right hand side, we have the Graphics pane
and, below that, the Command pane.

Check and Display Mesh

First, the mesh will be checked to verify that it has been properly imported
from Workbench. In order to obtain the statistics about the mesh (Click)
Mesh > Info > Size, as shown in the image below.
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Then, you should obtain the following output in the Command pane.

Mesh Size

Level

Cells
220088

Faces
Lha4Aa

Hodes
22611

1 cell zone, 5 face zZones.

The mesh that was created earlier has 22000 elements. Note that in FLUENT
elements are called cells. The output states that there are 22000 cells, which is
a good sign. Next, FLUENT will be asked to check the mesh for errors. In order
to carry out the mesh checking procedure (Click) Mesh > Check as shown

in the image below.

Partitions
1
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You should see no errors in the Command Pane. Now, that the mesh has
been verified, the mesh display options will be discussed. In order to bring up
the display options (Click) General > Mesh > Display as shown in the
image below.
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The previous step should cause the Mesh Display window to open, as
shown below. Note that the Named Selections created in the meshing
steps now appear.
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You should have all the surfaces shown in the above snapshot. Clicking on a
surface name in the Mesh Display menu will toggle between select and
unselect. Clicking Display will show all the currently selected surface entities
in the graphics pane. Unselect all surfaces and then select each one in turn to
see which part of the domain or boundary the particular surface entity
corresponds to (you will need to zoom in/out and translate the model as you do
this). For instance, if you selectwall, outlet, and centerline and then
click Display you should then obtain the following output in the graphics
window.

—

Now, make sure all 5 items under Surfaces are selected. The IE] button

next to Surfaces selects all of the boundaries while the = button deselects

all of the boundaries at once. Once all the 5 boundaries have been selected
click Display, then close the Mesh Display window. The region displayed
in the graphics window corresponds to our solution domain.
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Define Solver Properties

In this section the various solver properties will be specified in order to obtain
the proper solution for the laminar pipe flow. First, the axisymmetric nature of
the geometry must be specified. Under General > Solver > 2D
Space select Axisymmetric as shown in the image below.
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Next, the Viscous Model parameters will be specified. In order to open the
Viscous Model Options Models > Viscous - Laminar > Edit.... By default,
the Viscous Model options are set to laminar, so no changes are needed.
Click Cancel to exit the menu.

Now, the Energy Model parameters will be specified. In order to open the
Energy Model Options Models > Energy-Off > Edit.... For incompressible
flow, the energy equation is decoupled from the continuity and momentum
equations. We need to solve the energy equation only if we are interested in
determining the temperature distribution. We will not deal with temperature in
this example. So leave the Energy Equation set to off and click Cancel to
exit the menu.

Define Material Properties

Now, the properties of the fluid that is being modeled will be specified. The
properties of the fluid were specified in the Problem Specification section. In

order to create a new fluid (Click) Materials > Fluid > Create/Edit... as
shown in the image below.
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In the Create/Edit Materials menu set the Density to 1kg/m”3 (constant)
and set the Viscosity to 3.61e-2 kg/(ms) (constant) as shown in the image
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Name e Ur?er Materials by
[ [fud © Neme
h 1 I () Chemical Formula
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Properties
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-
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Click Change/Create. Close the window.

Define Boundary Conditions

At this point the boundary conditions for the four Named Selections will be
specified. The boundary condition for the inlet will be specified first.
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Inlet Boundary Condition

In order to start the process (Click) Boundary Conditions > inlet >
Edit... as shown in the following image.
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Note that the Boundary Condition Type should have been automatically
set tovelocity-inlet. Now, the velocity at the inlet will be specified. In
the Velocity Inlet menu set the Velocity Specification
Method to Magnitude, Normal to Boundary, and set the Velocity
Magnitude (m/s) to 0.277 m/s, as shown below.

,

Zone Name

|inlet

Momentum | Thermal | Radiation | Species| DPM | Multiphase| ups |

Velacity Specification Method [Magnimde, MNormal to Boundary

Reference Frame [Abmluhe

Velocity Magnitude (m/s) |0,2771 [oonsiz:nt

[oonsiz:nt

Supersonic/Initial Gauge Pressure {pascal) |0

(o« | [cancel] [reb ]

Then, click OK to close the Velocity Inlet menu.
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Outlet Boundary Condition

First, select outlet inthe Boundary Conditions menu, as shown below.
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As can be seen in the image above the Type should have been automatically
setto pressure-outlet. If the Type is not setto pressure-outlet, then set

it topressure-outlet. Now, no further changes are needed for
the outlet boundary condition.
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Centerline Boundary Condition

Select centerline inthe Boundary Conditions menu, as shown below.
File Mesh Define Solve Adapt Surface Display Report Parallel Vi

Grd-m@ SERa s @ nE-0-

Problem Setup  Boundary Conditions

General
Models
Materials
Phases
Cell Zone Conditions outhet

Mesh Interfaces

Crymamic Mesh

Reference Yalues
Soluthon

Soluton Methods
Solubton Controls
Monitors

Sohution Initializaton
Caloulation Activities
Run Calculaton

Resuts

Graphics and Animations | Fhas p hiv]
Plots mixture ]

Reports

| Parameters... | | Operating Conditons... |

MH?M'I... | | Periods Condiions....

As can be seen in the image above the Type has been automatically set
to wall which is not correct. Change the Type to axis, as shown below.
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Problem Setup Boundary Conditions
General Zone
i [pape——oin - >
Materials linlet
Phases interior-surface_body
Cel Zone Conditions Joutiet
Boundary Condi Ipipe_wal
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Sokution Methods
Solution Controls
Monitors
Sokution Initiakzation
Caladation Activities
Run Caladation
Resuits
Graphics and Animations | ©1s
Plots mixture
Reports
. —interface
| P% mass-flow-nlet
outfiow
T outletwvent
pressure-far-field
pressure-niet
pressure-outiet
symmetry
velocty-nlet
wal

When the dialog boxes appear click Yes to change the boundary type. Then
click OK to accept "centerline" as the zone name.
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Pipe Wall Boundary Condition

First, select Wall in the Boundary Conditions menu, as shown below.

Meshing Boundary Conditions
Mesh Generation Zone
Solution Setup centerline
General inlet
Modzls interior-surface_body
tet
Material e
Phases

Cell Zone Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods
Solution Controls
Manitaors

Solution Initialization
Calculation Activities
Run Calculation Phase Type D

Graphics and Animations
Flots [ Edit... ] [ Copy... ][Proﬁles... ]
Reports

[ Parameters... ] [Dperaﬁng Conditions. .. ]

Display Mesh... | | Periodic Conditions. ..

As can be seen in the image above the Type should have been automatically
set to wall. If the Type is not set to wall, then set it to wall. Now, no further
changes are needed for the wall boundary condition.

Save
In order to save your work (Click)File > Save Project as shown in the
image below.

A:suddenExpansion Fluent [, ﬂ|
e ——

| File | Mesh Define Solve Adapt
Refresh Input Data

Save Project

Read »
Write *
Import »
Export »

Solution Files...

Interpolate...

EM Mapping *
FSI Mapping k
Save Picture...
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Step 5: Solution

Second Order Scheme

A second-order discretization scheme will be used to approximate the solution.

In order to implement the second order scheme click on Solution

Methods then click on Momentum and select Second Order Upwind as
shown in the image below.

AcsuddenExpansion Fluent [axi, ap, ﬁm] [ANSYS M

File Me;h Define Sclve Adapt Surface Display Report Parallel Vie

s -d-mesERQs [ |0

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Caloulation

Solution Methods

Pressure-Velodty Coupling

Scheme
|SIMPLE -

Spatial Discretization

Gradient
lLeast Squares Cell Based vl

Pressure

’Second Crder v]
Mamentum

ISEmnd Order Upwind v]
First Order Upwind

Second Order Upwind

Power Law

QUICK
Third-Order MUSCL

Transient Formulation

-

Results
Glraphics and Animations Mon-Iterative Time Advancement
Plots Frozen Flux Formulation
Reports

Pseudo Transient

[~ High Order Term Relaxation

[ Default ] [ Report Poor Quality Elements ]

Set Initial Guess

Here, the flow field will be initialized to the values at the inlet. In order to carry

out the initialization click on Solution Initialization, Standard

Initialization, and click on Compute from and selectinlet as shown
below.
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AisuddenExpansion Fluent [axi, dp, pbns, lam] [ANSYS Academic Teaching !
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File Mesh Define Solve Adapt Surface Display Report  Parallel

B s-d-me SHaa s el EmE-o-

Meshing Solution Initialization
Mesh Generation Initialization Methods
Solution Setup () Hybrid Initislization
General (@ Standard Initialization
Models
Materials Compute from
Fhases [inlet ,,]

Cell Zone Conditions all-zones

Boundary Conditions

Mesh Interfaces wall
Diynamic Mesh Imﬂiet
Reference Values .
Initial Values
Solution i
Salution Methads Gauge Pressure (pascal) —
Solution Controls |0
Monitors
Axial Velocity (m/s)
Calculation Activities |0.2??
Run Caloulation
Results Radial Velocity {m/s)
Graphics and Animations |0
Plots E
Reports

Reset | Patch...

Reset DPM Sources | | Reset Statistics

Then, click the Initialize button, . This completes the initialization.

Set Convergence Criteria

FLUENT reports a residual for each governing equation being solved. The
residual is a measure of how well the current solution satisfies the discrete
form of each governing equation. We'll iterate the solution until the residual for
each equation falls below 1e-6. In order to specify the residual criteria (Click)
Monitors > Residuals > Edit..., as shown in the image below.

31
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|| Mesh Generation Residuals, Statistic and Force Monitors
Solution Setup int, PY

General

Models

Materials
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Cell Zone Conditions
Boundary Conditions [Create v] [Edit ] | Delete |
Mesh Interfaces
Dynamic Mesh
Reference Values

Meshing Monitors

Statistic - O

Surface Monitors

Solution

Solution Methods
Solution Controls

onitars

Solution Initialization [C.reate... ] |E|:Iit... | |DEIEtE |
Calculation Activities

Run Calculation
Results

Graphics and Animations
Plots
Reports

Volume Monitaors

(create...| [Edit... | [Delete ]

Convergence Monitors

| Convergence Manager...

[NEVEN

Next, change the residual under Convergence
Criterion for continuity, x-velocity, and y-velocity, all to 1e-6, as can
be seen below.

t Options Equations
Print o Cansole Residual Monitor Check Convergence Absolute Criteria =

[¥]Plot continuity 1e-06
Window
x-velodty 1e-06
1 =]
- i =

~velod E & 1e-06
Iterations to Plot ¥ a -
1000 % Residual Values Convergence Criterion
Normalize Ikerations [absotuhe h

4+

5
Iterations to Store |
1000 = Scale
=

Compute Local Scale

ok | [ pot | [Renormaize] [ Cancel | [ reb |

Lastly, click OK to close the Residual Monitors menu.
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Execute Calculation

Prior, to running the calculation the maximum number of iterations must be set.
To specify the maximum number of iterations click on Run Calculation then
setthe Number of Iterations to 1000, as shown in the image below.

-
A:suddenExpansion Fluent [axi, dp, pbns, lam] [ANSYS Academic Teaching CFI

File Mesh Define Solve Adapt Surface Display_Report Parallel Vie

E-d-@e S([Fae s elnEr0-

Meshing Run Calculation
Mesh Generation [ Check Case... ] Preview Mesh Motion...
Solution Setup
General Mumber of Iterations Reporting Interval
Models | 1000 E] | i E]
Materials = =
Phases Profile Update Interval

N Cell Zone Conditions ’17 =
Boundary Conditions =

' Mesh Interfaces

Dynamic Mesh [ Data File Quantities. .. ] Acoustic Signals...
Reference Values
Solution [ Calculate ]

Solution Methods
Solution Controls

Monitors

Solution Initialization
I Calculation Activities
l Results
Graphics and Animations
' Flots
' Reports

As a safeguard save the project now. Now, click on Calculate two times in
order to run the calculation. The residuals for each iteration are printed out as
well as plotted in the graphics window as they are calculated. After running the
calculation, you should obtain the following residual plot.
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0 50 100 150 200 250 300 350 400 450 500
lterations

The residuals fall below the specified convergence criterion of 1e-6 in about
473 iterations, as shown below. Actual number of convergence steps may vary
slightly.

472 F.A711e-87 1.8157e-86 1.2395e-87 @A:00:38 528

* 473 solution is converged

473 7.0347e-07 9.9975e-07 1.218Be-087 0:00:38 527
|

At this point, save the project once again.
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Step 6: Results

The results steps shown below are for the CFD-Post postprocessor that is
included in ANSYS Workbench.

Velocity Vectors

One can plot vectors in the entire domain, or on selected surfaces. Let us plot
the velocity vectors for the entire domain to see how the flow develops
downstream from the inlet and redevelops from the expansion entrance. First,
click on Graphics & Animations. Next, double click on Vectors which is
located under Graphics. Then, click on Display. Zoom into the region near the
inlet. The length and color of the arrows represent the velocity magnitude. The
vector display is more intelligible if one makes the arrows shorter as follows:

Change Scale to 0.4 inthe Vectors menu and click Display.

The laminar pipe flow was modeled asymmetrically; however, the plot can be
reflected about the axial axis to get an expanded sectional view. In order to
carry this out (Click) Display > Views... as shown below.

b - —
E A:suddenExpansion Fluent [axi, dp, pbns, lam] [ANSYS Academic Teaching CFD] -
File Mesh Define Solve Adapt Surface | Display | Report  Parallel View Help

ETd-=@@ @@ Mesh...

Graphics and Animations...

Meshing Graphics and Anii Plots
Mesh Generation Graphics Residuals..
Solution Setup
General Options...
Models Scene
ol Materials
Phases Views...
I Cell Zone Conditions Lights..
Boundary Conditions
M| Mesh Interfaces SetUp... Colermap...

Pivmamic Mach

Under Mirror Planes, only the axis (or centerline) surface is listed since that
is the only symmetry boundary in the present case. Select axis (or centerline)
and click Apply, as shown below.
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Mirror Planes @ E]

Define Plane...

Perindic Repeats

e

view-0

Then click Close to exit the Views menu. Your vector field should have been
reflected across the axially axis as, shown below.

1: Velodity Vectors Colored B v
' ' e

1.332-01
1.06e-01
7.99e-02
5.33e-02
2.67e-02
7.35e-05

The velocity vectors provide a picture of how the flow develops downstream
from the inlet and redevelops from the expansion entrance.

Centerline Velocity

Here, we'll plot the variation of the axial velocity along the centerline. In order

to start the process (Click) Results > Plots > XY Plot... > Set Up.. as shown
below
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=3 ArsuddenExpansion Fluent [axi, dp, pbns, lam] [ANSYS Academic Teachin
File Mesh Define Solve Adapt Surface Display Report Parallel
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Meshing Plots
Mesh Generation Plots
Solution Setup
General Histogram
Models File
il Profiles:
Materials Profile Data - Unavailable
Phases Interpolated Data
Cell Zone Conditions FFT

Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution
Solution Methods
Solution Controls
Maonitors
Solution Initialization
Calculation Activities

Run Calculation

Results
Graphics and Animations
Reports

In the Solution XY Plot menu make sure that Position on X Axis is selected,
and X issetto 1 and Y is setto 0. This tells FLUENT to plot the x-coordinate
value on the abscissa of the graph. Next, select Velocity... for the first box
underneath Y Axis Function and select Axial Velocity for the second box.
Please note that X Axis Function and Y Axis Function describe the x and y
axes of the graph, which should not be confused with the x and y directions of
the pipe. Finally, select centerline under Surfaces since we are plotting the
axial velocity along the centerline. This finishes setting up the plotting
parameters. Your Solution XY Plot should look exactly the same as the
following image.
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Options Plot Direction ¥ Axis Function
[¥] Node values X ll— ['-I'elocity. "
Position on X Axis = =
[ Position on Y Axis Y lo— [.Amal Velocity
[T write to File X Axis Function
[]order Paints z [Dfect,on Vector

File Data ElE= Surfaces

Load File...
| Free Data | [New Surface = ]

Now, click Plot. The plot of the axial velocity as a function of distance along the

centerline now appears.

-20 i 20 40 60 80 100
Position {m)

In the graph that comes up, we can see that the velocity reaches a constant
value (about 5.25e-1 m/s) beyond a certain distance from the inlet. This is the
fully-developed flow region in the small pipe. When the flow pass the
expansion entrance at x=0 m, the velocity will decrease due to the sudden
expansion of the pipe. After another development, the velocity will reach a
constant value (about 1.5e-1m/s) again.

Saving the Plot

In this section, we will save the data from the plot and a picture of the plot. The
data from the plot will be saved first. In order to save the plot data open the
Solution XY Plot menu and then select Write to File, which is located under
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Options. The Plot button should have changed to Write.... Click on Write...,
and then enter vel.xy as the XY File Name. Next, click OK. Check that this
file has been created in your FLUENT working directory. Lastly, close the
Solution XY Plot menu.

At this point, we'll save a picture of the plot. First click on File then click Save
Picture, as shown below.

File | Mesh Define Solve Adapt
Refresh Input Data
Save Project

Read [
Write 2
Import r
Export 3

Solution Files...
Interpolate...

F5I Mapping L

Save Picture...

Data File Quantities...

Close FLUENT

Under Format, choose one of the following three options: EPS, TIFF, or JPG.
After selecting your desired image format and associated options, click on
Save... Enter vel.eps, vel.tif, or vel.jpg depending on your format
choice and click OK. Verify that the image file has been created in your
working directory. You can now copy this file onto a disk or print it out for your
records.
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Step 7: Verification & Validation

It isvery important that you take the time to check the validity of your
solution. Based on the velocity profile along the centerline, it can be seen that
the max axis velocity in the small pipe is about 5.25e-1 m/s. However, in a
full-developed laminar pipe flow, the analytical max axis velocity should be two
times of the uniform inlet velocity, that is 5.54e-1 m/s. In other words, the

results with the previous mesh are not good enough.
Refine Mesh

Let's repeat the solution on a finer mesh. For the finer mesh, the numbers of
radial divisions will be twice as many as those used before. In
the Workbench  Project Pageright click on Mesh then click
Duplicate as shown below.

- A
=
Il % Fluid Flow (Fluent)
2 () Geometry v
3| @ mesh |
4 @ setwp @ Edit.
5 ﬂﬁ Solution |_.:-*| Duplicate
6 @ Results Transfer Data To Mew 3

suddenBxpansiol 5 Update
Refresh
Clear Generated Data

Reset

QE Rename

Properties

Quick Help
Add Mote

Rename the duplicate project to suddenExpansion (mesh2). You should
have the following two projects in your Workbench Project Page.

- A hd B

: 1
2 | W) Geometry v g B2 G Geometry v 4
3 ﬁ Mesh v 4 3 @ Mesh v 4
4 @ Setup v o4 4 @ Setup v 4
5 Solution v 4 5 Solution F 4
6 @ Results &, 6 @ Results =

suddenExpansion suddenExpansion(mesh2)
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Next, double click on the Mesh cell of thesuddenExpansion
(mesh?2) project. A new ANSYS Mesher window will open. Under Outline,
expand Mesh and click on Edge Sizing, as shown below.

Project
- [ Model (83)
----- G Geometry

..... » ;.51.‘ Coordinate Systems
EI./% Mesh

....... v . Mapped Face Meshing
- M, Edge Sizing

- ML Edge Sizing 2

. B, Edge Sizing 3

... M1, Edge Sizing 4

F-- 31 Named Selections

Here we will increase the numbers of cells in the radial direction. You may
have different names of sizings. In my case, the "Edge Sizing" corresponds to
the AB and EF edges, and “Edge Sizing 4” corresponds to the CD edge.
Double the Number of Divisions of “Edge Sizing”

Details of "Edge Sizing" - Sizing o
[=l| 5cope
Scoping Method Geometry Selection
Geometry 2 Edges
=) Definition
Suppressed (0[]
Type Mumber of Divisions
M iumberof Divisions (R N
Behavior Hard
Bias Type Mo Bias

and “Edge Sizing 4”

Details of "Edge Sizing 4" - Sizing 2
[=l| Scope

Scoping Method Geometry Selection

Geometry 1 Edge
=) Definition

Suppressed Mo

Type Mumber of Divisions

Behavior Hard

Eias Type Mo Bias
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Sometimes, you need to turn-off "Advanced Size Function" under "Details of
Mesh" to get the mesher to accept the modified settings. That way the
Advanced Size Function feature will not over-ride your settings (this feature is
useful for meshing complex geometries). Click Mesh in the tree and turn off
Advanced Size Function under "Details of Mesh" as shown below.

Cutline a
Filter: Mame &
Project

o Model (B3)
----- ‘,lﬁ Geometry
----- ” sk Coordinate Systems
E_;% Mesh
‘,. Mapped Face Meshing
- M Edge Sizing
. S, Edge Sizing 2
- M Edge Sizing 3
o M, Edge Sizing 4
- 5§ Mamed Selections

-|| Defaults -~
Physics Preference CFD
Solver Preference Fluent
Relevance 0 )
-|| Sizing 3
-l
Relevance Center Coarse
Flement Sive Nefault il

Then, click Update to generate the new mesh.

Mesh ‘.j Update

The mesh should now have 44000 elements. A quick glance of the mesh
statistics reveals that there are indeed 44000 elements.
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Details of "Mesh” a
Defaults

Sizing

Inflation

Assembly Meshing

Patch Conforming Options

0 H B EFEE

Advanced
Defeaturing
Maodes 44581
Elements 44000
Mesh Metric Mone

Compute the Solution

Close the ANSYS Mesher to go back to the Workbench Project Page.
Under suddenExpansion (mesh2), right click onFluid Flow
(FLUENT) and click on Update, as shown below.

- - B
16 1 W—
2 () Geometry W g———m2 W) Geoms R Refich
3| @ Mesh v 3| @ Mesh |/ update |
4 @ setp v . 4 @ sewp|-a Duplicate
5 Solution v 4 5 @& Solutig Clear Generated Data
6§ | @ Results [ 6@ Resul X Delete
suddenExpansion suddenEx| QE Fename
Properties
Add Note

Now, wait a few minutes for FLUENT to obtain the solution for the refined
mesh. After FLUENT obtains the solution, save your project.

It is necessary to check that the solution iterations have converged. Launch
FLUENT by double clicking on Solution of the "suddenExpansion
(mesh2)" project in the Workbench Project Page. After FLUENT
launches, select Monitors > Residuals > Edit... and then Plot, as shown
in the images below.
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Window
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Residual Values Convergence Criterion
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Plot

[Renormaﬁze][ Cancel ][ Help

If the solution hasn't converged, one needs to run more iterations by

selecting Run Calculation. You may want to increase the number of

iterations. Ensure that you have a converged solution and save the

project. Then, if you double-click on Results for mesh2 in the project page,

you'll see that all results have been updated for the new mesh.

Velocity profile

The plot below shows the profile of the axial velocity along the centerline (y =0

m) with the refined mesh. It can be seen that the max velocity in the small pipe
is about 5.50e-1 m/s, which is close to the analytical solution (5.54e-1 m/s) and

better than that of

the previous mesh.
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Here we will create a straight line for the expansion entrance, which is from (xO0,
y0) = (0, 0) to (x1, y1) = (0, 1). Select Line under Surface. Enter x0 =0, y0
= 0, x1 = 0,yl = 1. Enterexpansionunder New Surface Name.
Click Create.

Options Mumber of Painks

[ Line Tool u"" i |1D |%

End Paints
¥0 {m) 1 {m)

y0 (m) y1(m)

20 () zl {m}

[ Select Points with Mouse

Mew Surface Mame
|Ex|:lansiun|

| Create | [Manage...] [ cCose | [ Heb

Then, plot the velocity profile along the expansion line. In the Solution XY
Plot menu make sure that Position on X Axis is selected, and X is set to 0
and Y is setto 1.
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You can also plot axial velocity profilesatx =1m,2m,3m,4m,5mand 6 m
as shown below. The numbers of the lines also indicate the distances from the
expansion entrance to these lines.

ne-
* ling-
- [ng
. 2.256+00 eynolds numper=55.4
S _E Reattacment is at IiIe #5
: ] L_reattach/ step| height =
1.75e+00
1.50e+00 —
1.25e+00 —
Position ]
(m) 1.006+00
7.50e-01 —
5.00e-01 —
2 50e-01 —
0.006+00
-0.1 0 0.1 0.2 03 04 05

Axial Velocity (m/s)
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As you can see from the velocity profiles, the end of the recirculation region is
at x = 5 m. In other words, the recirculation length for Re = 55.4 is about 5
times of the inlet radius, which agree well with the experimental data (Hammad
et al., Experiments in Fluids, 1999, 26:266-271) shown below.
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Streamline

First, click on Graphics & Animations. Next, double click on Contours which
is located under Graphics. Select Velocity and Stream Function under
Contours of, and change the number of Levels to 50, as shown blow.
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Then, click on Display. Zoom into the region near the expansion. The
streamlines calculated with FLUENT are presented blow, and compared with
the streamlines obtained via PIV experiment (Hammad et al., Experiments in
Fluids, 1999, 26:266-271). It can be seen that the numerical result agree with
the experiment one.
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For more strict comparison, one should export the results from FLUENT,
re-plot it in TECPLOT or some other post-processing software, and compare
the value of stream function, redevelopment length and recirculation length
carefully. One can also increase the inlet velocity so that Re = 200, and then
compare the results with experiment data presented in the reference.
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