ANSYS Fluent Tutorial Part 1

This tutorial introduces you to the ANSYS workbench and Fluent environments. Upon completing this
tutorial you will understand:

e ANSYSworkbench environment
0 Create anew project, create geometry, mesh the domain, identify and name boundary
conditions, grid adaptation
e Flowsimulationin Fluent
0 Export mesh to Fluent, apply boundary conditions, iterate toward the solution, examine the
flow fields, obtain numerical results, examine and validate the results

Project 1description:

Simulate fluid flow through a rectangular channel shown below.
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Figure 1.1

Consider air flowing through a rectangular channel of 2cm height and 10cm length. Assume that the channel
has an infinite width. Inlet air velocity is 0.1 m/s atthe inlet and outlet is at the atmospheric pressure.
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1 ANSYS Workbench

Workbench 17.1
Desitop app

@ Knowledge Workbench
Desktop app

1.1 Open Workbench

Open the Start Menu

Type Workbench into the search

Select the icon for Workbench 17.1

Alternately, you can find it in the ANSYS 17.1 folder of the
start menu
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1.2 Create a Fluid Flow (Fluent) Project
1. Underthe Toolbox tab (left menu), drag the FLUENT
module over to the Workspace (white space) or
double-click.
2. You will see your new Project appear. Name it

Project 1 Laminar Flow Coarse Mesh. This will Hebh 0B =24

differentiate the project file from some of the other workbencH
fluent simulations you will be creating. G | g
3. Save the project in your U:/ drive. Figure 1.1
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1.3 Set up Workbench Information
1. Onthe top menu, click View
Select Files. A menu will pop up at the bottom. This can tell you where the files are stored. There
will be a bunch created as you progress and it may be important to note the location.
3. Onthe top menu again, click View, and select Properties. This time, a menu will appear on the
right side of the screen. The Properties menu will change as you select different tabs on your

project.
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1.4 Set Analysis type

1. Within your Project box, single-click Geometry. Your Properties menu will change.
2. Under Advanced Geometry Options, set Analysis Type to 2D.
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1.5 New Geometry

1. Inthe Project Box, right-click Geometry.
2. Select New Design Modeler Geometry...
3. ANSYS Design Modeler (DM) will then

open.

Note that you can also Import Geometry if
you made the geometry in a CAD program.
Just save the CAD file as a universal format,

such as .STP

Project 1 Laminar Coars

New DesignModeler Geometry...

o
o

New SpaceClaim Geometry...
Import Geometry

Duplicate

Transfer Data From New
Transfer Data To New

Update

Update Upstream Components
Refresh

Reset

Rename

Properties

Quick Help

Add Note

Figure 1.5



2 ANSYS Design Modeler

2.1 Creating a New Sketch

1. Inthe Tree Outline (left menu), click XYPlane
In the Top Menu, click the New Sketch icon. Sketch 1 will appear in your Tree Outline under
XYPlane

3. Onthe Coordinate System in the bottom-right corner, click the +Z-axis to snap your view to 2D in
the XY plane. You can also familiarize yourself with the zooming and panning functions.

4. To begin drawing the geometry, select the Sketching tab at the bottom of the Tree Outline. Note
that the Sketching Toolboxes menu will replace your Tree Outline.
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2.2 Drawing the Geometry
1. Inthe Sketching Toolbox, under Draw, click Rectangle. Your cursor will become a pencil.
Create the rectangle of any size anywhere in Quadrant 1 of your drawing canvas. We will constrain
the location and size next.

Figure 2.2

2.3 Constraining Geometry to the Axis
1. Inthe Sketching Toolbox, select the Constraints dropdown.
Select Coincidence. This will set a rule for an edge to coincide with another.
3. Click the edge of the rectangle you want to constrain and then select the axis you want to lock it to.
The edges of the rectangle will change color if they are fully constrained.
4. Do this for both edges of the rectangle, so that its lower left corner is at the origin (0, 0).
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2.4 Dimensioning the Geometry

1. Inthe Sketching Toolbox, select the Dimensions dropdown
Select General. You can also use Horizontal or Vertical for their respective lines.

3. Select the edge of the rectangle you want to dimension. Click above or next to that edge to place
the dimension label.

4. When you create a dimension, it will show up in the Details View menu. You can edit these values
and it will adjust the size of the rectangle.

5. Create a dimension for the horizontal and vertical lines of the rectangle and set their values to
H1 =0.1mandV2 = 0.02 m, respectively.
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2.5 Creating a Surface

Click back to the Modeling Tab at the bottom of the Sketching Toolbox.

On the top menu, open the Concept dropdown and select Surface from Sketches.
Select your sketch and then click Apply in the Details View (bottom left menu).

Click the Generate button in the top menu. Your part will fill gray when the surface is

W e

generated.
5. You are now done with creating your geometry. Click Save and close Design Modeler.
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3 Meshing

3.1 Open Meshing

Go back into ANSYS Workbench.

Note that you should see a checkmark next to Geometry in your Project Box.
Save the Project.

In the Project Box, right-click Mesh and select Edit...

The Mesh Editor will open and your Geometry should automatically load.
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3.2 Set up Meshing

1. With the Mesh Editor open, orient your view, if necessary, with the coordinate system and
Zoom to Fit (button in the Top Menu with a Cube inside a Magnifying Glass). You can also
familiarize yourself with the zooming and panning functions.
In the Outline menu (left side), expand out the Geometry tree (plus sign) and click Surface Body
The Details Menu (bottom left) will change to properties of the Surface Body
Under the Definition tab, change the Thickness to 0 m.
Under the Material tab, change the Fluid/Solid to Fluid.

e W

GD A:Project 1 Laminar Coarse - Meshing [ANSYS Academic R hl - o X
| File Edit View Units Tools Help || [] =+ | 3f GenerateMesh 'l ¢ [A] @~ Wy vononeer iy
RYLRAAREEE & S +QQ QEAARE N8 o O

| B Show Vestices 53 Close Vertices  1.¢-004 (Auto Scale) ~ ghWireframe | OgShowMesh i M Random Colors 0 Annotation Preferences | 1. T, [, 1, [,

| 8t (eReset oplodefactor f——————————— assembly Center v || WMEdgeColoring » A~ A~ A~ A~ A~ A [l I-lThicken Annotations

]w G Virtual Body |
| Filter:  Name - ANSYS

BREEE R17.1
8) Project

Academic

0 0015 0.03 (m)
[ e —
0.0075 002

Geom Print Preview Preview, |

Reference Frame ] i.wrinénan

[0 NoM [No Selecti [Metric (m, kg, N, 5,V A) Degrees rad/s Celsius

Figure 3.2

10



3.3 Set Mesh Resolution

In the Outline menu, click the Mesh tab.

The Details menu will change to properties of the Mesh.

Set Min Size, Max Face Size, and Max Tet Size all to 1e — 3 m.
This will set your grid size to 1 mm spacing.
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3.4 Set Mesh to Quadrilaterals

1. Familiarize yourself with the types of selection tools. There is Vertex Selection, Edge Selection,
Face Selection, and Body Selection.
Use the Face Selection tool to select the face of the geometry
Once it is selected (the face turns green), right-click the geometry and Insert Mapped Face
Meshing
A Face Meshing will appear in your Outline menu. Once it is selected, the Details menu will
show its properties.
In the Details Menu, make sure Method is set to Quadrilaterals.
In the top menu, click Generate Mesh. If you click the Mesh icon in the Outline menu again,

your mesh should appear over your geometry.
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3.5 Boundary Labeling

1. Inthe Top Menu, use the edge selection tool to select the left edge of your geometry

2. Right-click the left edge and select Create Named Selection

3. Name this edge inlet.

4. Repeat the process for the other edges, naming the wall_top, wall_bottom, and outflow,
respectively.

5. This naming process helps Fluent determine Boundary Conditions.

6. Click File, Save Project, and return to ANSYS. If you want to create a backup file of the Mesh,
you can select File, Export, and change the file type to .msh. If for some reason, your
Workbench Project becomes corrupted, you can resume from this point by importing the .msh
file to a new Project. Note that you will not be able to edit your .msh file, so inspect that it is
correct before exporting.
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4  Fluent

4.1 Updating Project
1. Back in Workbench, you may notice a Lightning Bolt next to the Mesh in your Project Box. This
means that your Mesh has not been updated yet.
2. To update the Mesh, right-click Mesh and select Update. Once it is done, a green checkmark
should appear.
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4.2 Starting Fluent
1. To open Fluent, double-click Setup in the Project Box. A dialog will pop up with settings. Select
the following options and click OK.
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4.3 Fluent Layout
1. Fluentis segmented into several menus.
a. Top Ribbon — Adjusting properties
b. Tree — Each step of setting up the simulation

c. Task Page — The setup of variables and properties in each step of the Tree
d. Main Window — View the domain, simulation progress, or results

e. Console —The command line showing progress or errors.
2. Operating Fluent will mainly consist of running down the Tree and editing variables in each

respective Task Page.
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4.4 Setup — General
Note: Recommended selections for Project 1 are in Bold and Underlined

1. Mesh
a.

c.
2. Solver
a.

Once Fluent opens, your geometry and mesh should automatically display. If it doesn’t,
you can manually display components by clicking Display in the Task Page.

If you need to scale the geometry (e.g. you made the geometry in inches and you want
the solution in Sl units), you can also do it here.

You may also Check the mesh for errors and quality here.

Type
i. Pressure-Based for low-speed incompressible to high-speed compressible flows
ii. Density-Based reserved for flows with strong interdependence between density,
energy, momentum, or species.
Velocity Formulation
i. Absolute is where majority of the domain is non-rotational
ii. Relative may be useful in cases where the domain rotates

Time
i. Steady solves for a steady-state (developed) solution
ii. Transient is used if the solution is a function in time

2D space
i. Planar is your standard 2D space in Cartesian coordinates
ii. Axisymmetric revolves the domain around an axis (e.g. cylindrical coordinates)
iii. Axisymmetric swirl revolves the domain around an axis with some tangential
velocity

3. Gravity can include buoyancy effects for flows or gravitational settling in particle tracking.
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4.5 Setup—Models

Descriptions:

1. Energy tracking is used for heat transfer solutions and things that are a function of temperature

(e.g. diffusion, air density, relative humidity)

2. Viscous Model determines how you solve/simplify the Navier-Stokes equations. For Laminar

flow, simply choose the Laminar model. For Turbulent flow, you have several options that

approximate a solution. The most common is k-epsilon because of its simplicity.

3. Species tracking is when you would simulate a species (e.g. relative humidity) mixing/diffusing

Discrete Phase is used for particle tracking within the fluid.
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4.6 Setup —Materials
If you want to change environmental conditions, such as the working fluid (e.g. air, water, helium) or
material surface roughness (affects skin friction), you can do it in this tab

Default properties are fine.
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Figure 4.6

Note that Cell Zone Conditions will be skipped over (defaults are fine).
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4.7 Setup —Boundary Conditions
This is where we’ll define the boundary conditions for the simulation. Note that the edges you labeled

during meshing correspond to the boundaries found in fluent. Select a zone and click Edit...

1. Inlet — Set your Velocity Magnitude to 0.1 m/s
Outflow — default weighting of 1. If you have multiple outflows, you can scale the proportion of
the mass flow that exits each outflow (e.g. 0.2 outflow 1, 0.8 outflow 2)

3. Wall - Both default stationary wall with no slip. For other cases, you may want a moving wall.

Velocity Inlet X

Zone Name
[inlet |

Momentum _Thermal = Radiation Species = DPM  Multiphase  Potential  UDS

Task Page Velocity Specification Method | Magnitude, Normal to Boundary -
Boundary Conditions Reference Frame|Absolute v
Fiter | A + | Velocity Magnitude (ns)|0.1] || constant b

Supersonic/Initial Gauge Pressure (pascal)|0 || constant -
Zone :

inlet Cancel| | Help
interior-surface_body
Siflon Outflow X
wall_bottom
wall_top Zone Name

|outflow

Flow Rate Weighting|1 e

Cancel | Help

Wall

Zone Name
[wal_bottom |

Adjacent Cell Zone

[surface_hod\r |
Phase Type 1D
- = E Momentum Thermal Radiation Species DPM Multiphase uDs Wall Fim Potentil |

E = Wall Motion Motion
Edit... _COP_V--- i Profiles| @ stationary wal Relative to Adjacent Cel Zone
O Moving Wal
| Operating Cond Shear Condition
@® No Slp
O specified Shear
Specularity Coefficient
Marangoni Stress

' Parameters...

Display Mesh....
" periodic Conditio

Wall Roughness
Roughness Height (m) 0 constant R
Roughness Constant 0.5 constant o

Cancel| | Help

Figure 4.7
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4.8 Solution — Solution Methods

1. Scheme
a. SIMPLE — (Semi-Implicit Method for Pressure-Linked Equations) Default, robust.
b. SIMPLEC — (SIMPLE-Consistent) Allows faster convergence for simple problems (e.g.,
laminar flows with no physical models employed)
c. PISO — (Pressure-Implicit with Splitting of Operators) For unsteady flow problems or
mesh with high skewness
2. Gradient
a. Green-Gauss Cell Based — Default method, solution may have false diffusion/smearing
b. Green-Gauss Node Based — Minimizes false diffusion, recommended for tri/tet mesh
c. Least Squares Cell Based — For polyhedral meshes, same accuracy, properties as node

3. Pressure

a.

a o T

e.

Standard — The default scheme. Reduced accuracy for flows with large surface-normal
pressure gradients near boundaries (but should not be used when steep pressure
changes are present in the flow — PRESTO! scheme should be used instead)

PRESTO! — For highly swirling flows, steep pressure gradients, or curved domains
Linear — When other options result in convergence difficulties or unphysical behavior
Second-Order — Use for compressible flows

Body Force Weighted — When forces are large e.g. high Ra convection, swirling flows

4. Momentum

a.

First Order Upwind — Easiest convergence, only first order accurate, and very diffusive
i.e. dissipates large gradients and can suppress small/sharp features
Second Order Upwind — 2" order accuracy, essential when flow is not aligned with

mesh grid direction e.g. during tri/tet mesh

Solution Methods

Pressure-Velocity Coupling

Scheme

SIMPLE <
Spatial Discretization

Gradient

Green-Gauss Cell Based v

Pressure

Standard v

Momentum

First Order Upwind v

Figure 4.8
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4.9 Solution —Monitors

1. Select Residuals and click Edit...

Under Residual Values, check the box that says Normalize. This scales the last iteration of
Residuals by the maximum Residuals and can be used as a better gauge for convergence.

3. Under Convergence Criterion, select None. The Convergence Criterion tells Fluent when the
solution has converged to a value that you determine to be accurate enough and stops
calculating the solution early. By turning this feature off, Fluent will continue calculating the
solution until it reaches the number of iterations you set.

| Task Page & = Mesh [x]
M
Monitors .
Residuals, Statistic and Force Monitors i
Residuals - Print, Plot Q
Statistic - Off Q
Vd
Create | [Ed... | [Delete] @
Surface Monitors
Residual Monitors
Options Equations
[ print to Console
4 plot Residual Monitor Normalzation Factor
Window | continuity | B2 |o |
[Cuwes... |! AXes... ] |x-velocity | &8 |o |
Iterations to Plot |y-velocity | 4 |o |
1000 & Residual Values Convergence Criterion
& Normalze Iterations ‘none -
Iterations to Store 5 2
1000 2 M scale
[ compute Local Scale
[ok] [Pt | | Renormalze | | Cancel | |Help

Figure 4.9
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4.10 Solution — Solution Initialization

Select your initialization technique, the boundary to initialize with, and then click Initialize

1.

Standard Initialization — This sets all mesh cells to a single starting value. Typically, you select

values that are the closest to what you think the final solution will look like to help the solution
converge faster. Compute from Inlet takes inlet conditions (from the boundary conditions tab
you set earlier) and applies it to the whole mesh as a starting guess. The calculations then refine

the flow to a converged steady-state solution
Hybrid Initialization — Provides a quick approximation of the flow field by solving Laplace’s
equation to estimate a flow field and pressure field.

Task Page X

Solution Initialization
Initialzation Methods
O Hybrid Initialization
@ Standard Initialization
Compute from
inlet -
Reference Frame

@® Relative to Cell Zone
O Absolute

Initial Values
Gauge Pressure (pascal)
0 |
X Velocity (m/s)
0.1 |

Y Velocity (m/s)
6.202849¢-32 ]

Initialze | Reset Patch...

Reset DPM Sources Reset Statistics

Figure 4.10
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4.11 Solution — Run Calculation

SAVE YOUR WORK BEFORE PROCEEDING (sometimes Fluent crashes). File, Save Project

Check Case to make sure everything is good to go (your mesh, boundary conditions, etc.)

Note: Since | selected First order upwind earlier, my Fluent recommended using a higher
order Momentum Solver (second order upwind) for improved accuracy. This may be a
good suggestion, so | went back to solution methods and changed it. It also suggested
Least Squares for Gradient. You can make that change too.

Set the Number of Iterations to 1000. You can always stop the calculation early. Sometimes I'll
stop at around 200 and check that the flows/magnitudes make some sense before spending all
that time calculating to find out | made a mistake setting the boundary conditions.

Click Calculate

Task Page

Run Calculation

Check Case... Update Dynamic Mesh...

Number of Iterations  Reporting Interval

11000] SR 2]
Drafila llndaka Trtanml
FIVING UPUgLT siLcival
-

1 L ]

Data File Quantities... = Acoustic Signals
Calculate

Help

Figure 4.11
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4.12 Calculating Solution

Once the program calculates, you’ll see a plot of the residuals (errors) for each of the equation
parameters (in this case, continuity, x-velocity, y-velocity).

Note that my solution converged after approximately 400 iterations to the minimum error.
Also note that the Console prints the residuals corresponding to each iteration.

Once you have a solution calculated, save your work again.

Tree Task Page A ]
b i Setup
Run Calculation
5 General ~- ANSYS
s B Models Check Case.... | Update Dynamic Mesh... R17.1
> & Materials & Academic
» .CdZmzCoﬂdilti‘m Nurrber of g intenval ®
o i y < = =
B Dyrarric Mesh [1000 sl = 2
@ Reference Values Profile Update Intenval
v @ Solution 2 i ®,
2 Selution Methods ' Data Fie il Sgnas.. |
& Solution Controls &
> Qmms et | B
) Report Defintions | Colulte | o
E R :::B SR n Irfarmation b4
B, Solution Initialization ﬂj = 1e14 -
5 @l Catculation Activit a Calculation complete.
v @ Results 0 100 200 300 400 S00 600 OO0 800 GO0 1000
> @ Graphics =] Iterations
» [ Animations
> & Plats
> @ Reports
> @ Parameters & Customization
Console &
icer x-velocity y-velocity time/iter
991 3.0209e-13 9.0869e-15 1.0953e-13 0:00:00 9
992 3.0125e-13 6.6062e-15 1.0653e-13 0:00:00 B
993 3.1305e-13 £.9557e-15 1.0741e-13 0:00:00 7
934 3.0134e-13 B.844le-15 1.1043e-13 0:00:00 13
995 3.0700e-13 £.9016e-15 1.0750e-13 0:00:00 5
996 3.0439%-13 £.9512e-15 1.0581e-13 0:00:01 4
997 3.1217e-13 9.006%e-15 1.0550e-13 0:00:00 3
998 3.1323e-13 E£.7774e-15 1.0808e-13 0:00:00 2
999 3.0817e-13 8.9243e-15 1.083%-13 0:00:00 1
1000 3.1534e-13 £.£797e-15 1.0206e-13 0:00:00 0O
Writing data to U:\ME 326 517\Projectl_Tutorial files\dpO\FEFF\Fluent\FFF.ip ...
x-coord
y-coord
pressure
x-velocity
y-velocity
Dene.
Calculation complete.

Figure 4.12
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