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Using This Manual

This preface is divided into the following sections:
1.What's In This Manual
2.The Contents of the Fluent Manuals
3.Where to Find the Files Used in the Tutorials
4.How To Use This Manual
5.Typographical Conventions Used In This Manual

1.What’s In This Manual

The ANSYS Fluent Tutorial Guide contains a number of tutorials that teach you how to use ANSYS Flu-
ent to solve different types of problems. In each tutorial, features related to problem setup and postpro-
cessing are demonstrated.

The tutorials are written with the assumption that you have completed one or more of the introductory
tutorials found in this manual:

+ Introduction to Using ANSYS Fluent in ANSYS Workbench: Fluid Flow and Heat Transfer in a Mixing
Elbow (p. 1)

+ Parametric Analysis in ANSYS Workbench Using ANSYS Fluent (p. 73)
+ Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 123)

and that you are familiar with the ANSYS Fluent navigation pane and menu structure. Some steps in
the setup and solution procedure will not be shown explicitly.

Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 123)

All of the tutorials include some postprocessing instructions, but Postprocessing (p. 1075) is devoted entirely
to postprocessing.

2.The Contents of the Fluent Manuals

The manuals listed below form the Fluent product documentation set. They include descriptions of the
procedures, commands, and theoretical details needed to use Fluent products.

+ Fluent Getting Started Guide contains general information about getting started with using
Fluent and provides details about starting, running, and exiting the program.

+ Fluent Migration Manual contains information about transitioning from the previous release of Fluent,
including details about new features, solution changes, and text command list changes.

+ Fluent User's Guide contains detailed information about running a simulation using the solution
mode of Fluent, including information about the user interface, reading and writing files, defining
boundary conditions, setting up physical models, calculating a solution, and analyzing your results.

+ ANSYS Fluent Meshing User's Guide contains detailed information about creating 3D meshes
using the meshing mode of Fluent.

* Fluent in Workbench User's Guide contains information about getting started with and using Fluent
within the Workbench environment.
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*+ Fluent Theory Guide contains reference information for how the physical models are implemented
in Fluent.

+ Fluent UDF Manual contains information about writing and using user-defined functions (UDFs).

+ Fluent Tutorial Guide contains a number of examples of various flow problems with detailed instruc-
tions, commentary, and postprocessing of results.

+ ANSYS Fluent Meshing Tutorials contains a number of examples of general mesh-generation techniques
used in ANSYS Fluent Meshing.

Tutorials for release 15.0 are available on the ANSYS Customer Portal. To access tutorials and
their input files on the ANSYS Customer Portal, go to http://support.ansys.com/training.

*+ Fluent Text Command List contains a brief description of each of the commands in Fluent’s solution
mode text interface.

+ ANSYS Fluent Meshing Text Command List contains a brief description of each of the commands in
Fluent’s meshing mode text interface.

*+ Fluent Adjoint Solver Module Manual contains information about the background and usage of Fluent's
Adjoint Solver Module that allows you to obtain detailed sensitivity data for the performance of a
fluid system.

*+ Fluent Battery Module Manual contains information about the background and usage of Fluent's
Battery Module that allows you to analyze the behavior of electric batteries.

+ Fluent Continuous Fiber Module Manual contains information about the background and usage of
Fluent's Continuous Fiber Module that allows you to analyze the behavior of fiber flow, fiber properties,
and coupling between fibers and the surrounding fluid due to the strong interaction that exists
between the fibers and the surrounding gas.

+ Fluent Fuel Cell Modules Manual contains information about the background and the usage of two
separate add-on fuel cell models for Fluent that allow you to model polymer electrolyte membrane
fuel cells (PEMFQ), solid oxide fuel cells (SOFC), and electrolysis with Fluent.

+ Fluent Magnetohydrodynamics (MHD) Module Manual contains information about the background
and usage of Fluent's Magnetohydrodynamics (MHD) Module that allows you to analyze the behavior
of electrically conducting fluid flow under the influence of constant (DC) or oscillating (AC) electro-
magnetic fields.

+ Fluent Population Balance Module Manual contains information about the background and usage of
Fluent's Population Balance Module that allows you to analyze multiphase flows involving size distri-
butions where particle population (as well as momentum, mass, and energy) require a balance
equation.

+ Fluent as a Server User's Guide contains information about the usage of Fluent as a Server which allows
you to connect to a Fluent session and issue commands from a remote client application.

* Running Fluent Under LSF contains information about using Fluent with Platform Computing’s LSF
software, a distributed computing resource management tool.

* Running Fluent Under PBS Professional contains information about using Fluent with Altair PBS Pro-
fessional, an open workload management tool for local and distributed environments.
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* Running Fluent Under SGE contains information about using Fluent with Sun Grid Engine (SGE) soft-
ware, a distributed computing resource management tool.

3.Where to Find the Files Used in the Tutorials

Each of the tutorials uses an existing mesh file. (Tutorials for mesh generation are provided with the

mesh generator documentation.) You will find the appropriate mesh file (and any other relevant files

used in the tutorial) on the ANSYS Customer Portal. The “Preparation” step of each tutorial will tell you

where to find the necessary files. (Note that Tutorials Postprocessing (p. 1075) and Parallel Processing (p. 1129)
use existing case and data files.)

Some of the more complex tutorials may require a significant amount of computational time. If you
want to look at the results immediately, without waiting for the calculation to finish, final solution files
are provided in a solution_files folder that you can access after extracting the tutorial input
archive.

4.How To Use This Manual

Depending on your familiarity with computational fluid dynamics and the ANSYS Fluent software, you
can use this tutorial guide in a variety of ways.

4.1.For the Beginner

If you are a beginning user of ANSYS Fluent you should first read and solve Tutorial 1, in order to famil-
iarize yourself with the interface and with basic setup and solution procedures. You may then want to
try a tutorial that demonstrates features that you are going to use in your application. For example, if
you are planning to solve a problem using the non-premixed combustion model, you should look at
Using the Non-Premixed Combustion Model (p. 723).

You may want to refer to other tutorials for instructions on using specific features, such as custom field
functions, mesh scaling, and so on, even if the problem solved in the tutorial is not of particular interest
to you. To learn about postprocessing, you can look at Postprocessing (p. 1075), which is devoted entirely
to postprocessing (although the other tutorials all contain some postprocessing as well).

4.2.For the Experienced User

If you are an experienced ANSYS Fluent user, you can read and/or solve the tutorial(s) that demonstrate
features that you are going to use in your application. For example, if you are planning to solve a
problem using the non-premixed combustion model, you should look at Using the Non-Premixed
Combustion Model (p. 723).

You may want to refer to other tutorials for instructions on using specific features, such as custom field
functions, mesh scaling, and so on, even if the problem solved in the tutorial is not of particular interest
to you. To learn about postprocessing, you can look at Postprocessing (p. 1075), which is devoted entirely
to postprocessing (although the other tutorials all contain some postprocessing as well).

5.Typographical Conventions Used In This Manual

Several typographical conventions are used in the text of the tutorials to facilitate your learning process.

+ Different type styles are used to indicate graphical user interface menu items and text interface menu
items (e.g., Zone Surface dialog box, surface/zone-surface command).
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The text interface type style is also used when illustrating exactly what appears on the screen or exactly
what you must type in the text window or in a dialog box.

Instructions for performing each step in a tutorial will appear in standard type. Additional information
about a step in a tutorial appears in italicized type.

A mini flow chart is used to guide you through the navigation pane, which leads you to a specific task
page or dialog box. For example,

“*Models - = Multiphase - Edit...

indicates that Models is selected in the navigation pane, which then opens the corresponding task
page. In the Models task page, Multiphase is selected from the list. Clicking the Edit... button opens
the Multiphase dialog box.

Also, a mini flow chart is used to indicate the menu selections that lead you to a specific command
or dialog box. For example,

Define - Injections...
indicates that the Injections... menu item can be selected from the Define pull-down menu.

The words surrounded by boxes invoke menus (or submenus) and the arrows point from a specific
menu toward the item you should select from that menu.

XVi
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Chapter 1:Introduction to Using ANSYS Fluentin ANSYS Workbench:
Fluid Flow and Heat Transfer in a Mixing Elbow

This tutorial is divided into the following sections:
1.1.Introduction
1.2.Prerequisites
1.3.Problem Description
1.4.Setup and Solution
1.5.Summary

1.1.Introduction

This tutorial illustrates using ANSYS Fluent fluid flow systems in ANSYS Workbench to set up and solve
a three-dimensional turbulent fluid-flow and heat-transfer problem in a mixing elbow. It is designed to
introduce you to the ANSYS Workbench tool set using a simple geometry. Guided by the steps that
follow, you will create the elbow geometry and the corresponding computational mesh using the
geometry and meshing tools within ANSYS Workbench. You will use ANSYS Fluent to set up and solve
the CFD problem, then visualize the results in both ANSYS Fluent and in the CFD-Post postprocessing
tool. Some capabilities of ANSYS Workbench (for example, duplicating fluid flow systems, connecting
systems, and comparing multiple data sets) are also examined in this tutorial.

This tutorial demonstrates how to do the following:

+ Launch ANSYS Workbench.

+ Create a Fluent fluid flow analysis system in ANSYS Workbench.

+ Create the elbow geometry using ANSYS DesignModeler.

+ Create the computational mesh for the geometry using ANSYS Meshing.

+ Set up the CFD simulation in ANSYS Fluent, which includes:

Setting material properties and boundary conditions for a turbulent forced-convection problem.

Initiating the calculation with residual plotting.

- Calculating a solution using the pressure-based solver.

Examining the flow and temperature fields using ANSYS Fluent and CFD-Post.

+ Create a copy of the original Fluent fluid flow analysis system in ANSYS Workbench.
+ Change the geometry in ANSYS DesignModeler, using the duplicated system.

* Regenerate the computational mesh.

+ Recalculate a solution in ANSYS Fluent.
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Transfer in a Mixing Elbow

+ Compare the results of the two calculations in CFD-Post.

1.2.Prerequisites

This tutorial assumes that you have little to no experience with ANSYS Workbench, ANSYS DesignModeler,
ANSYS Meshing, ANSYS Fluent, or CFD-Post, and so each step will be explicitly described.

1.3.Problem Description

The problem to be considered is shown schematically in Figure 1.1: Problem Specification (p. 3). A

cold fluid at 293.15 K flows into the pipe through a large inlet and mixes with a warmer fluid at 313.15 K
that enters through a smaller inlet located at the elbow. The mixing elbow configuration is encountered
in piping systems in power plants and process industries. It is often important to predict the flow field
and temperature field in the area of the mixing region in order to properly design the junction.

Note

Because the geometry of the mixing elbow is symmetric, only half of the elbow must be
modeled.
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Figure 1.1: Problem Specification
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Note

The functionality to create named selections exists in both ANSYS DesignModeler and ANSYS
Meshing. For the purposes of this tutorial, named selections are created in ANSYS Meshing
since the meshing application provides more comprehensive and extensive named selection
functionality.

1.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
1.4.1. Preparation
1.4.2.Creating a Fluent Fluid Flow Analysis System in ANSYS Workbench
1.4.3.Creating the Geometry in ANSYS DesignModeler
1.4.4.Meshing the Geometry in the ANSYS Meshing Application
1.4.5.Setting Up the CFD Simulation in ANSYS Fluent
1.4.6. Displaying Results in ANSYS Fluent and CFD-Post
1.4.7.Duplicating the Fluent-Based Fluid Flow Analysis System
1.4.8.Changing the Geometry in ANSYS DesignModeler
1.4.9.Updating the Mesh in the ANSYS Meshing Application
1.4.10. Calculating a New Solution in ANSYS Fluent
1.4.11.Comparing the Results of Both Systems in CFD-Post

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
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1.4.1.Preparation
1. Set up a working folder on the computer you will be using.

2. Go to the ANSYS Customer Portal, https://support.ansys.com/training.

Note

If you do not have a login, you can request one by clicking Customer Registration on
the log in page.

3. Enter the name of this tutorial into the search bar.
4. Narrow the results by using the filter on the left side of the page.
a. Click ANSYS Fluent under Product.

b. Click 15.0 under Version.

5. Select this tutorial from the list.
6. Click Files to download the input and solution files.

7. Unzip elbow-workbench_R150.zip to your working folder. This file contains a folder, elbow-
workbench , that holds the following items:

+ two geometry files, elbow_geometry.agdb and elbow_geometry.stp

+ an ANSYS Workbench project archive, elbow-workbench.wbpz

Tip

The Workbench project archive contains the project as it will be once you have

completed all of the steps of the tutorial and is included for reference. If you want to
extract the project archive, start Workbench and select the File —. Restore Archive...
menu item. You will be prompted with a dialog box to specify a location in which to
extract the project and its supporting files. You may choose any convenient location.

Note

ANSYS Fluent tutorials are prepared using ANSYS Fluent on a Windows system. The screen
shots and graphic images in the tutorials may be slightly different than the appearance on
your system, depending on the operating system or graphics card.

1.4.2.Creating a Fluent Fluid Flow Analysis System in ANSYS Workbench

In this step, you will start ANSYS Workbench, create a new Fluent fluid flow analysis system, then review
the list of files generated by ANSYS Workbench.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
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Setup and Solution

1. Start ANSYS Workbench by clicking the Windows Start menu, then selecting the Workbench 15.0 option
in the ANSYS 15.0 program group.

Start - All Programs -, ANSYS 15.0 - Workbench 15.0

This displays the ANSYS Workbench application window, which has the Toolbox on the left and the
Project Schematic to its right. Various supported applications are listed in the Toolbox and the
components of the analysis system will be displayed in the Project Schematic.

Note

Depending on which other products you have installed, the analysis systems that appear
may differ from those in the figures that follow in this tutorial.

Note

When you first start ANSYS Workbench, the Getting Started pop-up window is displayed,
offering assistance through the online help for using the application. You can keep the
window open, or close it by clicking the ‘X" icon in the upper right-hand corner. If you
need to access the online help at any time, use the Help menu, or press the F1 key.

2. Create a new Fluent fluid flow analysis system by double-clicking the Fluid Flow (Fluent) option under
Analysis Systems in the Toolbox.

Tip

You can also drag-and-drop the analysis system into the Project Schematic. A green
dotted outline indicating a potential location for the new system initially appears in the
Project Schematic. When you drag the system to one of the outlines, it turns into a red
box to indicate the chosen location of the new system.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
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Figure 1.2: Selecting the Fluid Flow (Fluent) Analysis System in ANSYS Workbench
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Figure 1.3: ANSYS Workbench with a New Fluent-Based Fluid Flow Analysis System
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3. Name the analysis.

a.

Double-click the Fluid Flow (Fluent) label underneath the analysis system (if it is not already high-
lighted).

b. Enter elbow for the name of the analysis system.

4. Save the project.

a.

Select the Save option under the File menu in ANSYS Workbench.
File - Save

This displays the Save As dialog box, where you can browse to your working folder and enter
a specific name for the ANSYS Workbench project.

In your working directory, enter elbow-workbench  as the project File name and click the Save
button to save the project. ANSYS Workbench saves the project with a .wbpj extension and also
saves supporting files for the project.

Note that the fluid flow analysis system is composed of various cells (Geometry, Mesh, etc.) that
represent the workflow for performing the analysis. ANSYS Workbench is composed of multiple
data-integrated and native applications in a single, seamless project flow, where individual cells
can obtain data from other cells and provide data to other cells. As a result of this constant flow
of data, a cell’s state can quickly change. ANSYS Workbench provides a visual indication of a
cell’s state at any given time via icons on the right side of each cell. Brief descriptions of the
various states are provided below:

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
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. = . . .
Unfulfilled ( ¥ ) indicates that required upstream data does not exist. For example, when you first
create a new Fluid Flow (Fluent) analysis system, all cells downstream of the Geometry cell appear

as Unfulfilled because you have not yet specified a geometry for the system.

Refresh Required (/=) indicates that upstream data has changed since the last refresh or update.
For example, after you assign a geometry to the geometry cell in your new Fluid Flow (Fluent)
analysis system, the Mesh cell appears as Refresh Required since the geometry data has not yet
been passed from the Geometry cell to the Mesh cell.

Attention Required (‘?) indicates that the current upstream data has been passed to the cell,
however, you must take some action to proceed. For example, after you launch ANSYS Fluent from
the Setup cell in a Fluid Flow (Fluent) analysis system that has a valid mesh, the Setup cell appears
as Attention Required because additional data must be entered in ANSYS Fluent before you can
calculate a solution.

Update Required (') indicates that local data has changed and the output of the cell must be
regenerated. For example, after you launch ANSYS Meshing from the Mesh cell in a Fluid Flow
(Fluent) analysis system that has a valid geometry, the Mesh cell appears as Update Required
because the Mesh cell has all the data it must generate an ANSYS Fluent mesh file, but the ANSYS
Fluent mesh file has not yet been generated.

Up To Date (+") indicates that an update has been performed on the cell and no failures have
occurred or that an interactive calculation has been completed successfully. For example, after
ANSYS Fluent finishes performing the number of iterations that you request, the Solution cell ap-
pears as Up-to-Date.

Interrupted (+") indicates that you have interrupted an update (or canceled an interactive calcu-
lation that is in progress). For example, if you select the Cancel button in ANSYS Fluent while it is
iterating, ANSYS Fluent completes the current iteration and then the Solution cell appears as In-
terrupted.

Input Changes Pending (¥ ) indicates that the cell is locally up-to-date, but may change when
next updated as a result of changes made to upstream cells. For example, if you change the Mesh
in an Up-to-Date Fluid Flow (Fluent) analysis system, the Setup cell appears as Refresh Required,
and the Solution and Results cells appear as Input Changes Pending.

Pending (“<) indicates that a batch or asynchronous solution is in progress. When a cell enters
the Pending state, you can interact with the project to exit Workbench or work with other parts
of the project. If you make changes to the project that are upstream of the updating cell, then the
cell will not be in an up-to-date state when the solution completes.

For more information about cell states, see Understanding Cell States.

5. View the list of files generated by ANSYS Workbench.

ANSYS Workbench allows you to easily view the files associated with your project using the Files
view. To open the Files view, select the Files option under the View menu at the top of the ANSYS
Workbench window.

View - Files

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
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Figure 1.4: ANSYS Workbench Files View for the Project After Adding a Fluent-Based Fluid
Flow Analysis System
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In the Files view, you will be able to see the name and type of file, the ID of the cell that the file is
associated with, the size of the file, the location of the file, and other information. For more inform-
ation about the Files view, see Files View.

Note

The sizes of the files listed may differ slightly from those portrayed in Figure 1.4: ANSYS
Workbench Files View for the Project After Adding a Fluent-Based Fluid Flow Analysis
System (p. 9).

From here, you will create the geometry described in Figure 1.1: Problem Specification (p. 3), and
later create a mesh and set up a fluid flow analysis for the geometry.

1.4.3.Creating the Geometry in ANSYS DesignModeler

For the geometry of your fluid flow analysis, you can create a geometry in ANSYS DesignModeler, or
import the appropriate geometry file. In this step, you will create the geometry in ANSYS DesignModeler,
then review the list of files generated by ANSYS Workbench.

1.

Important

Note the Attention Required icon () within the Geometry cell for the system. This
indicates that the cell requires data (for example, a geometry). Once the geometry is
defined, the state of the cell will change accordingly. Likewise, the state of some of the
remaining cells in the system will change.

Note

If you would rather not create the geometry in ANSYS DesignModeler, you can import a pre-
existing geometry by right-clicking the Geometry cell and selecting the Import Geometry
option from the context menu. From there, you can browse your file system to locate the
elbow_geometry.agdb geometry file that is provided for this tutorial. If you do not have
access to ANSYS DesignModeler, you can use the elbow_geometry.stp file instead.

To learn how to create a mesh from the geometry you imported, go to Meshing the Geometry
in the ANSYS Meshing Application (p. 20).

Start ANSYS DesignModeler.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
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In the ANSYS Workbench Project Schematic, double-click the Geometry cell in the elbow fluid
flow analysis system. This displays the ANSYS DesignModeler application.

Tip

You can also right-click the Geometry cell to display the context menu, then select New
Geometry...

Set the units in ANSYS DesignModeler.

When ANSYS DesignModeler first appears, you should select desired system of length units to work
from. For the purposes of this tutorial (where you will create the geometry in millimeters and perform
the CFD analysis using Sl units) set the units to Millimeter.

Units — Millimeter
Create the geometry.

The geometry for this tutorial (Figure 1.1: Problem Specification (p. 3)) consists of a large curved

pipe accompanied by a smaller side pipe. ANSYS DesignModeler provides various geometry primitives
that can be combined to rapidly create geometries such as this one. You will perform the following
tasks to create the geometry:

Create the bend in the main pipe by defining a segment of a torus.

Extrude the faces of the torus segment to form the straight inlet and outlet lengths.

Create the side pipe by adding a cylinder primitive.

Use the symmetry tool to reduce the model to half of the pipe assembly, thus reducing computa-
tional cost.

a. Create the main pipe:

i. Create a new torus for the pipe bend by choosing the Create — Primitives — Torus menu item
from the menubar.

A preview of the torus geometry will appear in the graphics window. Note that this is a preview
and the geometry has not been created yet. First you must specify the parameters of the torus
primitive in the next step.

ii. In the Details View for the new torus (Torus1), set Base Y Component to -1 by clicking the 1
to the right of FD10, Base Y Component, entering -1 , and pressing Enter. This specifies the
direction vector from the origin to the center of the circular cross-section at the start of the torus.
In the same manner, specify Angle; Inner Radius; and Outer Radius as shown below.

Note

Enter only the value without the units of mmThey will be appended automatically
because you specified the units previously.
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[=1| Details of Torusl
Torus Torusl
Base Plane ¥YPlane
Operation Add Material
Crigin Definition Coordinates
FD3, Crigin ¥ Coordinate 0 mm
FD4, Crigin ¥ Coordinate 0 mm
FD5, Origin £ Coordinate 0 mm
Axis Definition Components
FD&, Axis ¥ Component 0
FO7, Axis ¥ Component 0
FD&, Axis £ Component 1
Base Definition Components
FD9, Base ¥ Component 0
FO10, Base ¥ Component -1
FD11, Base £ Component 0
FD12, Angle [=0) ag -
FD13, Inner Radius [=0) 100 mm
FO14, Outer Radius [=0] 200 mm
As Thin/surface? Mo

iii. To create the torus segment, click the Generate button M that is located in the ANSYS
DesignModeler toolbar.
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Vi.

Vii.

0.00 100.00 {rmm)
I 2020 F ¥
50.00

Ensure that the selection filter is set to Faces. This is indicated by the Faces button ™ appearing

depressed in the toolbar and the appearance of the Face selection cursor, [:%uj when you mouse
over the geometry.

Select the top face (in the positive Y direction) of the elbow and click the Extrude button

BExtrude | o the 3D Features toolbar.
In the Details View for the new extrusion (Extrude1), click Apply to the right of Geometry. This
accepts the face you selected as the base geometry of the extrusion.

Click None (Normal) to the right of Direction Vector. Again, ensure that the selection filter is set
to Faces, select the same face on the elbow to specify that the extrusion will be normal to the
face and click Apply.
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viii.Enter 200 for FD1, Depth (>0) and click Generate.
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ix. In a similar manner, create an extrusion of the other face of the torus segment to create the 200

mm inlet extension. You will probably find it helpful to rotate the view so that you can easily select

the other face of the bend.

You can use the mouse buttons to change your view of the 3D image. The following table
describes mouse actions that are available:

Table 1.1: DesignModeler View Manipulation Instructions

Action Using Graphics Toolbar Buttons and the Mouse
Rotate view =
(vertical, hori- After clicking the Rotate icon, =), press and hold the left mouse button and
zontal) ' drag the mouse. Dragging side to side rotates the view about the vertical axis,

and dragging up and down rotates the view about the horizontal axis.

Translate or
pan view

+
After clicking the Pan icon, *+", press and hold the left mouse button and
drag the object with the mouse until the view is satisfactory.

Zoom in and
out of view

After clicking the Zoom icon, 'a, press and hold the left mouse button and
drag the mouse up and down to zoom in and out of the view.

Release 15.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information

of ANSYS, Inc. and its subsidiaries and dffiliates.




Setup and Solution

Action Using Graphics Toolbar Buttons and the Mouse

Box zoom After clicking the Box Zoom icon, ':‘:"l, press and hold the left mouse button
and drag the mouse diagonally across the screen. This action will cause a
rectangle to appear in the display. When you release the mouse button, a new
view will be displayed that consists entirely of the contents of the rectangle.

Clicking the Zoom to Fit icon, ® , will cause the object to fit exactly and be centered in the
window.

After entering the extrusion parameters and clicking Generate, the geometry should appear
as in Figure 1.5: Elbow Main Pipe Geometry (p. 15).

Figure 1.5: Elbow Main Pipe Geometry
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b. Next you will use a cylinder primitive to create the side pipe.
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i. Choose Create - Primitives — Cylinder from the menubar.

ii. In the Details View, set the parameters for the cylinder as follows and click Generate:

Tab Setting Value
Details of Cylin- BasePlane XYPlane
der1 FD3, Origin X Coordinate 137.5

FD4, Origin Y Coordinate -225

FD5, Origin Z Coordinate 0

FD6, Axis X Component 0

FD7, Axis Y Component 125

FD8, Axis Z Component 0

FD10, Radius (>0) 12.5

The Origin Coordinates determine the starting point for the cylinder and the Axis Components determine
the length and orientation of the cylinder body.
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c. The final step in creating the geometry is to split the body on its symmetry plane which will halve
the computational domain.

i. Choose Tools — Symmetry from the menu bar.
ii. Select the XYPlane in the Tree Outline.

iii. Click Apply next to Symmetry Plane 1 in the Details view.

iv. Click Generate.
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The new surface created with this operation will be assigned a symmetry boundary condition
in Fluent so that the model will accurately reflect the physics of the complete elbow geometry
even though only half of it is meshed.

d. Specify the geometry as a fluid body.
i. In the Tree Outline, open the 1 Part, 1 Body branch and select Solid.
ii. In the Details View of the body, change the name of the Body from Solid to Fluid.

iii. In the Fluid/Solid section, select Fluid.
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Details View a
—|| Details of Body

Body Fluid

Volume 2.5159e+006 mm?

Surface Area

1.7636e+005 mm*

Faces 8
Edges 13
Wertices 12
Fluid/5olid Fluid

Shared Topology Method | Automatic

Geometry Type

Designiodeler

iv. Click Generate.

Tip

In addition to the primitives you used in this tutorial, ANSYS DesignModeler offers a full
suite of 2D sketching and 3D solid modeling tools for creating arbitrary geometry. Refer
to DesignModeler User's Guide for more information.

4. Close ANSYS DesignModeler by selecting File — Close DesignModeler or by clicking the ‘X" icon in the

upper right-hand corner. ANSYS Workbench automatically saves the geometry and updates the Project
Schematic accordingly. The question mark in the Geometry cell is replaced by a check mark, indicating

that there is a geometry now associated with the fluid flow analysis system.
View the list of files generated by ANSYS Workbench by selecting View - Files.

Figure 1.6: ANSYS Workbench Files View for the Project After Creating the Geometry
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4 ‘3\ designPoint.wbdp 26 KB | Design Paint File gxégxégiﬁ 3\ Tutarial_01helboww-wor

Note the addition of the geometry file (FFF.agdb , where FFF indicates a Fluent-based fluid flow
system) to the list of files. If you had imported the geometry file provided for this tutorial rather
than creating the geometry yourself, the elbow_geometry.agdb (or the elbow_geometry.stp
file would be listed instead.
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1.4.4. Meshing the Geometry in the ANSYS Meshing Application

Now that you have created the mixing elbow geometry, you must generate a computational mesh
throughout the flow volume. For this section of the tutorial, you will use the ANSYS Meshing application
to create a mesh for your CFD analysis, then review the list of files generated by ANSYS Workbench.

Important

Note the Refresh Required icon (i) within the Mesh cell for the system. This indicates
that the state of the cell requires a refresh and that upstream data has changed since

the last refresh or update (such as an update to the geometry). Once the mesh is defined,
the state of the Mesh cell will change accordingly, as will the state of the next cell in

the system, in this case the Setup cell.

- A

W % Fluid Flow (Fluent)

2 | i} Geometry

v 4

3 @ Mesh =

s @. Setup 7 P

5 Salution 7,

6 @ Results F g
elbow

1. Open the ANSYS Meshing application.

In the ANSYS Workbench Project Schematic, double-click the Mesh cell in the elbow fluid flow
analysis system (cell A3).This displays the ANSYS Meshing application with the elbow geometry
already loaded. You can also right-click the Mesh cell to display the context menu where you can
select the Edit... option.
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Figure 1.7: The ANSYS Meshing Application with the Elbow Geometry Loaded
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2. Create named selections for the geometry boundaries.

In order to simplify your work later on in ANSYS Fluent, you should label each boundary in the
geometry by creating named selections for the pipe inlets, the outlet, and the symmetry surface
(the outer wall boundaries are automatically detected by ANSYS Fluent).

a. Select the large inlet in the geometry that is displayed in the ANSYS Meshing application.

Tip
Use the Graphics Toolbar buttons and the mouse to manipulate the image until you
can easily see the pipe openings and surfaces.

Tip

To select the inlet, the Single select () mode must be active.
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b. Right-click and select the Create Named Selection option.

Figure 1.8: Selecting a Face to Name
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This displays the Selection Name dialog box.
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Figure 1.9: Applying a Name to a Selected Face
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c. In the Selection Name dialog box, enter velocity-inlet-large for the name and click OK.
d. Perform the same operations for:

« The small inlet (velocity-inlet-small )

« The large outlet (pressure-outlet )

+ The symmetry plane (symmetry ).

Important

It is important to note that by using the strings “velocity inlet” and “pressure outlet”
in the named selections (with or without hyphens or underscore characters), ANSYS
Fluent automatically detects and assigns the corresponding boundary types accordingly.

3. Create a named selection for the fluid body.

a. Change the selection filter to Body in the Graphics Toolbar ( ® )
b. Click the elbow in the graphics display to select it.
c. Right-click, select the Create Named Selection option and name the body Fluid

By creating a named selection called Fl| ui d for the fluid body you will ensure that ANSYS Fluent
automatically detects that the volume is a fluid zone and treats it accordingly.

4. Set basic meshing parameters for the ANSYS Meshing application.

For this analysis, you will adjust several meshing parameters to obtain a finer mesh.
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a. In the Outline view, select Mesh under Project/Model to display the Details of “Mesh” view below
the Outline view.

Important

Note that because the ANSYS Meshing application automatically detects that you
are going to perform a CFD fluid flow analysis using ANSYS Fluent, the Physics
Preference is already set to CFD and the Solver Preference is already set to
Fluent.

b. Expand the Sizing node by clicking the “+" sign to the left of the word Sizing to reveal additional
sizing parameters.

i. Change Relevance Center to Fine by clicking on the default value, Coarse, and selecting Fine
from the drop-down list.

ii. Change Smoothing to High
c. Add a Body Sizing control.
i. With Mesh still selected in the Outline tree.
ii. Click the elbow in the graphics display to select it.

iii. Right click in the graphics area and select Insert — Sizing from the context menu.
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A new Body Sizing entry appears under Mesh in the project Outline tree
iv. Click the new Body Sizing control in the Outline tree.
v. Enter 6e-3 for Element Size and press Enter.

d. Click again on Mesh in the Outline view and expand the Inflation node in the Details of “Mesh”
view to reveal additional inflation parameters. Change Use Automatic Inflation to Program Con-
trolled.

5. Generate the mesh.

Right-click Mesh in the project Outline tree, and select Update in the context menu.
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Figure 1.10: The Computational Mesh for the Elbow Geometry in the ANSYS Meshing Application
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Important

Using the Generate Mesh option creates the mesh, but does not actually create the
relevant mesh files for the project and is optional if you already know that the mesh
is acceptable. Using the Update option automatically generates the mesh, creates

the relevant mesh files for your project, and updates the ANSYS Workbench cell that
references this mesh.

Note

Once the mesh is generated, you can view the mesh statistics by opening the Statistics

node in the Details of “Mesh” view. This will display information such as the number of
nodes and the number of elements.

26
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6.

Close the ANSYS Meshing application.

You can close the ANSYS Meshing application without saving it because ANSYS Workbench automat-
ically saves the mesh and updates the Project Schematic accordingly. The Refresh Required icon

in the Mesh cell has been replaced by a check mark, indicating that there is a mesh now associated
with the fluid flow analysis system.

View the list of files generated by ANSYS Workbench.
View - Files

Figure 1.11: ANSYS Workbench Files View for the Project After Mesh Creation
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Note the addition of the mesh files (FFF.msh and FFF.mshdb ) to the list of files. The FFF.msh
file is created when you update the mesh, and the FFF.mshdb file is generated when you close
the ANSYS Meshing application.

1.4.5.Setting Up the CFD Simulation in ANSYS Fluent

Now that you have created a computational mesh for the elbow geometry, in this step you will set up
a CFD analysis using ANSYS Fluent, then review the list of files generated by ANSYS Workbench.

1.

Start ANSYS Fluent.

In the ANSYS Workbench Project Schematic, double-click the Setup cell in the elbow fluid flow
analysis system. You can also right-click the Setup cell to display the context menu where you can
select the Edit... option.

When ANSYS Fluent is first started, the Fluent Launcher is displayed, enabling you to view and/or
set certain ANSYS Fluent start-up options.

Note

The Fluent Launcher allows you to decide which version of ANSYS Fluent you will use,
based on your geometry and on your processing capabilities.
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Figure 1.12: Fluent Launcher
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a. Ensure that the proper options are enabled.

Important

Note that the Dimension setting is already filled in and cannot be changed, since
ANSYS Fluent automatically sets it based on the mesh or geometry for the current
system.

i. Ensure that Serial from the Processing Options list is enabled.
ii. Select Double Precision under Options.

iii. Enable the Display Mesh After Reading, Embed Graphics Windows, and Workbench Color
Scheme options.

Note

An option is enabled when there is a check mark in the check box, and disabled
when the check box is empty. To change an option from disabled to enabled (or
vice versa), click the check box or the text.

Note

Fluent will retain your preferences for future sessions.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
28 of ANSYS, Inc. and its subsidiaries and affiliates.



Setup and Solution

b. Click OK to launch ANSYS Fluent.

Note

The ANSYS Fluent settings file (FFF.set ) is written as soon as ANSYS Fluent opens.

Figure 1.13: The ANSYS Fluent Application
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2. Set general settings for the CFD analysis.

Note

Select General in the navigation pane to perform the mesh-related activities and to
choose a solver.

.
“*General
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a.

Meshing
Mesh Generation
Solution Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Manitors

Solution Initizlization
Calculation Activities
Run Calculation

Results

Graphics and Animations

Flots
Repaorts

General

Mesh

I Scale. .. “

Checdk I [ Report Quality I

Solver

Type

@) Pressure-Based

_ Density-Based

Time
@) Steady
) Transient

|:| Gravity

Change the units for length.

Velocty Formulation
@) Absolute

) Relative

Because you want to specify and view values based on a unit of length in millimeters from
within ANSYS Fluent, change the units of length within ANSYS Fluent from meters (the default)

to millimeters.

Important

Note that the ANSYS Meshing application automatically converts and exports
meshes for ANSYS Fluent using meters (m) as the unit of length regardless of
what units were used to create them. This is so you do not have to scale the
mesh in ANSYS Fluent under ANSYS Workbench.

FY
+*General - Units...

This displays the Set Units dialog box.

30
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s

Set Units =
Quantities LInits Set All to

ki tic-viscosi

e — (| defaut
length-inverse mm
length-time-inverse in E]
mag-permeability [ [If
mass

mass-diffusivity
mass-flow Factor |D.DDI

mass-flow-per-depth

mass-flux Offset [

mass-transferrate |

mole-transferrate i

[New...] [ List ] [Cluse ] [ Help ]

i. Select length in the Quantities list.
ii. Select mm in the Units list.

iii. Close the dialog box.

Note

Now, all subsequent inputs that require a value based on a unit of length can be
specified in millimeters rather than meters.

b. Check the mesh.

“*General - Check

Note

ANSYS Fluent will report the results of the mesh check in the console.

Domain Extents:
x-coordinate: min (m) = -2.000000e-01, max (m) = 2.000000e-01
y-coordinate: min (m) = -2.250000e-01, max (m) = 2.000000e-01
z-coordinate: min (m) = 0.000000e+00, max (m) = 5.000000e-02
Volume statistics:
minimum volume (m3): 1.144763e-10
maximum volume (m3): 5.871098e-08
total volume (m3): 2.511309e-03
Face area statistics:
minimum face area (m2): 2.051494e-07
maximum face area (m2): 3.429518e-05
Checking mesh
Done.

Note

The minimum and maximum values may vary slightly when running on different
platforms. The mesh check will list the minimum and maximum x and y values from
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3.

the mesh in the default SI unit of meters. It will also report a number of other mesh
features that are checked. Any errors in the mesh will be reported at this time. Ensure
that the minimum volume is not negative as ANSYS Fluent cannot begin a calculation
when this is the case.

c. Review the mesh quality.

+*General - Report Quality

Note

ANSYS Fluent will report the results of the mesh quality below the results of the mesh
check in the console.

Mesh Quality:

Orthogonal Quality ranges from O to 1, where values close to 0 correspond to low quality.
Minimum Orthogonal Quality = 2.54267e-01

Maximum Aspect Ratio = 2.18098e+01

Note

The quality of the mesh plays a significant role in the accuracy and stability of the
numerical computation. Checking the quality of your mesh is, therefore, an important
step in performing a robust simulation. Minimum cell orthogonality is an important
indicator of mesh quality. Values for orthogonality can vary between 0 and 1 with
lower values indicating poorer quality cells. In general, the minimum orthogonality
should not be below 0.01 with the average value significantly larger. The high aspect
ratio cells in this mesh are near the walls and are a result of the boundary layer inflation
applied in the meshing step. For more information about the importance of mesh
quality refer to Mesh Quality in the User’s Guide.

Set up your models for the CFD simulation.

o
“*Models
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Models

Models

Multiphase - Off

Energy - Off

Viscous - Laminar

Radiation - Off

Heat Exchanger - Off
Spedes - Off

Discrete Phase - Off
Solidification & Melting - Off
Arcoustics - Off

Eulerian Wall Film - Off

a. Enable heat transfer by activating the energy equation.

+'Models - Energy - Edit...

s

-

Energy 58
Energy
Emergy Equation

[ Ik ] [Cancel] [Help ]

Note

You can also double-click a list item in order to open the corresponding dialog box.

i. Enable the Energy Equation option.
ii. Click OK to close the Energy dialog box.

b. Enable the k- ¢ turbulence model.

+*Models — = Viscous - Edit...
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@) Standard
I RNG
" Realizable

Mear-Wall Treatment

~! Standard Wall Functions

_! Scalable Wall Functions

~ Mon-Equilibrium Wall Functions
@) Enhanced Wall Treatment

) User-Defined Wall Functions

Enhanced Wall Treatment Options
["] Pressure Gradient Effects
[] Thermal Effects

Options

|:| Viscous Heating

|:| Curvature Correction

[ Production KatoLaunder
[ Production Limiter

ser-Defined Functions

Turbulent Viscosity

IHDHE

Prandt Mumbers

E Viscous Model @

Model Model Constants
) Inviscdd Cmu i
) Laminar | 0.09
" Spalart-Allmaras (1 eqn)
@) k-epsilon (2 eqgn) C1-Epsilon =
' k-omeaga (2 eqn) | a4
~| Transition k4l-omega (3 eqn) | '
" Transition 55T (4 eqn) C2-Epsilon
| Reynolds Stress (7 eqn) 102
) Scale-Adaptive Simulation (SAS) | '
") Detached Eddy Simulation (DES) TKE Prandt Number
" Large Eddy Simulation (LES) | .

k-epsilon Model i

TKE Prandt Mumber

IHDHE

TDR. Prandt Mumber

IHDHE

Energy Prandtl Mumber

IHDHE

[ Ok I ICanr_ell IHEIp I

m

-

i. Select k-epsilon from the Model list.

Note

The Viscous Model dialog box will expand.

ii. Use the default Standard from the k-epsilon Model list.

iii. Select Enhanced Wall Treatment for the Near-Wall Treatment.

Note

The default Standard Wall Functions are generally applicable if the first cell center
adjacent to the wall has a y+ larger than 30. In contrast, the Enhanced Wall
Treatment option provides consistent solutions for all y+ values. Enhanced Wall
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Treatment is recommended when using the k-epsilon model for general single-
phase fluid flow problems. For more information about Near Wall Treatments in
the k-epsilon model refer to Setting Up the k-c Model in the User’s Guide.

iv. Click OK to accept the model and close the Viscous Model dialog box.

4. Set up your materials for the CFD simulation.

FY
“*Materials

Materials

Materials
air

Saolid
alurninum

a. Create a new material called water using the Create/Edit Materials dialog box (Figure 1.14: The

Create/Edit Materials Dialog Box (p. 36)).

re =
i =

» Materials — = Fluid - Create/Edit...

i. Type water for Name.

ii. Enter the following values in the Properties group box:

Property Value
Density 1000 kg/m’
¢, (Specific Heat) 4216 J/kg—-K
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Property Value
Thermal Conductivity 0.677 W/m—-K
Viscosity 8e-04 kg/m-—s

Figure 1.14: The Create/Edit Materials Dialog Box

(B Create/Edit Mateials e
Name Material Type Order Materials by
|watﬁ fﬁ.d ...1 9 Name
= Chemical Formula
2izizcleii ] Fluent Fluid Materials
| [wates +| [__FuentDatabase... |
" [User-Defined Database.... |
—
Properties
Density (ko/m3) [ —— =) ear -
[ 1000
Cp (spedific Heat) (40 4) oo pary =
| 4216
Thermal Conductivity (w/m+) [y _] =
| 0.677
Viscosity (gfns) (—— 2)eat
[u.m-na
| Change,/Create | Delete | [ Close | Hep

iii. Click Change/Create.

Note

A Question dialog box will open, asking if you want to overwrite air. Click No so
that the new material water is added to the Fluent Fluid Materials list of mater-
ials that originally contained only air.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
36 of ANSYS, Inc.and its subsidiaries and affiliates.



Setup and Solution

.

Question @

[9] Change Create mixture and Overwrite air?

Extra

You could have copied the material water-liquid (h2o < | >) from the materials
database (accessed by clicking the ANSYS Fluent Database... button). If the
properties in the database are different from those you want to use, you can edit
the values in the Properties group box in the Create/Edit Materials dialog box
and click Change/Create to update your local copy. The original copy will not be
affected.

iv. Ensure that there are now two materials (water and air) defined locally by examining the Fluent

Fluid Materials drop-down list.

Note

Both the materials will also be listed under Fluid in the Materials task page.

v. Close the Create/Edit Materials dialog box.

5. Set up the cell zone conditions for the CFD simulation.

+*Cell Zone Conditions
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Cell Zone Conditions

Zone

i

Phase Type ID
mixture [ﬂuid v] |3
[ Edit... ] [ Copy... ][F‘ruﬁles... ]

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

Porous Formulation
@ Superfidal Velocity
Physical Velodty

a. Set the cell zone conditions for the fluid zone.

i. Select fluid in the Zone list in the Cell Zone Conditions task page, then click Edit... to open the
Fluid dialog box.

Note

You can also double-click a list item in order to open the corresponding dialog
box.
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—

Zone Mame
|ﬂul|:l

Material Name [ aper - | [Edik..

[]Frame Mation | Laminar Zone [ Source Terms
[]mesh Motion [ Fixed values
DF"uruus Zone

Reference Frame I Mesh Mation | Porous Zone | Embedded LES] Reaction | Source Terms | Fined Values | Mult’phasel

-

Rotation-Axis Origin Rotation-Auis Direction
KO [T [comstant o Co— 3
Yo | constant vl || Y o | constant - |
20 [constan 2 (et -]

Lok | [cancel] | Hep |

Fluid

ii. In the Fluid dialog box, select water from the Material Name drop-down list.
iii. Click OK to close the Fluid dialog box.

6. Set up the boundary conditions for the CFD analysis.

*v'Boundary Conditions
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Boundary Conditions

fone

interior-fluid

pressure-outlet

symmetr

velodty-inletdarge

velodty-inlet-small

wall-fluid

Type ID

mixture [uelu::ity—inlet v] |}'
[ Edit... ] [ Copy... ”F‘ruﬁles... ]

[ Parameters... ] [Dperating Conditions... ]

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

[ Highlight Zone

a. Set the boundary conditions at the cold inlet (velocity-inlet-large).

*v'Boundary Conditions - = velocity-inlet-large - Edit...

This opens the Velocity Inlet dialog box.

Tip

If you are unsure of which inlet zone corresponds to the cold inlet, you can use the
mouse to probe for mesh information in the graphics window. If you click the right
mouse button with the pointer on any node in the mesh, information about the asso-
ciated zone will be displayed in the ANSYS Fluent console, including the name of the
zone. The zone you probed will be automatically selected from the Zone selection

list in the Boundary Conditions task page.

Alternatively, you can click the probe button (Z) in the graphics toolbar and click
the left mouse button on any node. This feature is especially useful when you have
several zones of the same type and you want to distinguish between them quickly.
The information will be displayed in the console.
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-

B Velocity Inlet 5w

Zone Mame

| velocity-inletdarge

Momentum | Thermal | Radiation | Species | DPM | Multiphase | uos |

Velodity Spedification Method [Cumpcnents v]
Reference Frame [.ﬁ.bsulute v]
Supersonic/Initial Gauge Pressure (pascal) | 0 ’mngmnt v]
Coordinate System [Cartesian X, Y,2) v]
X-Velodty (m/s) | 0.4 [mnsmnt v]
Y-eocity (i) [g | constant -
Z¥eocity (i) [g | constant -
Turbulence
Specification Method [Intensity and Hydraulic Diameter ']
Turbulent Intensity (%) [ g @
Hydraulic Diameter {mm) | 100 @

[ Ok ] [Cancel] [Help ]

i. Select Components from the Velocity Specification Method drop-down list.

Note

The Velocity Inlet dialog box will expand.

ii. Enter 0.4 m/s for X-Velocity.

iii. Retain the default value of 0 m/s for both Y-Velocity and Z-Velocity.

iv. Select Intensity and Hydraulic Diameter from the Specification Method drop-down list in the
Turbulence group box.

v. Retain the default of 5 % for Turbulent Intensity.

vi. Enter 100 mm for Hydraulic Diameter.

Note

The hydraulic diameter Dy, is defined as:
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where A4 is the cross-sectional area and B, is the wetted perimeter.

vii. Click the Thermal tab.

a Velocity Inlet

fone Mame
| velocity-inletdarge

Momentum Thermal | Radiation | Species| DPM | Multiphase| LD |

Temperature (k) | 253,15

.I:GI'ISLBI"IK e ]

[ ok | [cancel| | Hep |

viii.Enter 293.15 K for Temperature.

ix. Click OK to close the Velocity Inlet dialog box.

b. In a similar manner, set the boundary conditions at the hot inlet (velocity-inlet-small), using the

values in the following table:

.
~*Boundary Conditions - = ve

locity-inlet-small - Edit...

Velocity Specification Method Components

X-Velocity 0 m/s

Y-Velocity 1.2 m/s

Z-Velocity 0 m/s

Specification Method Intensity & Hydraulic Diameter

42
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Velocity Specification Method Components
Turbulent Intensity 5%
Hydraulic Diameter 25 mm
Temperature 313.15 K

c. Set the boundary conditions at the outlet (pressure-outlet), as shown in the Pressure Outlet dialog
box.

‘v'Boundary Conditions - = pressure-outlet - Edit...

E Pressure QOutlet @

Zone Mame

| pressure-outlet

Momentum | Thermal | Radiation | Species | DFM | Multiphase | uDs |

Gauge Pressure {pascal) ||:| Imnstant v‘

Backflow Direction Specification Method INurmaI to Boundary "J

[ Radial Equilibrium Pressure Distribution
|:| Average Pressure Spedification
[ Target Mass Flow Rate

Turbulence
Spedification Method | 1ntensity and Hydraulic Diameter "J
Backflow Turbulent Intensity (%) [ g _
p
Backflow Hydraulic Diameter (mm) | 100 _
(7]
I Ok I ICanceI] [ Help I
Note

ANSYS Fluent will use the backflow conditions only if the fluid is flowing into the
computational domain through the outlet. Since backflow might occur at some point
during the solution procedure, you should set reasonable backflow conditions to
prevent convergence from being adversely affected.

7. Set up solution parameters for the CFD simulation.

Note

In the steps that follow, you will set up and run the calculation using the task pages listed
under the Solution heading in the navigation pane.
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a. Change the Gradient method.

+*Solution Methods

Solution Methods

Pressure-Velocity Coupling

Scheme

|SIMPLE -
Spatial Discretization

Gradient m

[Green—Gauss Mode Based v]

Pressure

[Semnd Order v] 1

Momentum 3

[Semnd Order Upwind v]

Turbulent Kinetic Eneragy

[First Order Upwind - ]

Turbulent Dissipation Rate

[First Order Upwind v] i

Mon-Iterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

[ High Order Term Relaxation

In the Spatial Discretization section of the Solution Methods pane, change the Gradient to
Green-Gauss Node Based. This gradient method is suggested for tetrahedral meshes.

b. Examine the convergence criteria for the equation residuals.

FS

“*Monitors -

Residuals - Edit...
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C.

e

Residual Monitors @
Opfions Egquations
[¥]Print to Console Residual Monitor Check Convergence Absolute Criteriz »
[#]Flot continuity ¥ ] | 0.001
Windaw 5 lix-velucinr — @ & Ii—l:l_l:lu] E
|1 =] [ELH'ES-... || ANES... | L4
y-veladity Fl 7l W
Iterations to Plot -
1000 % |W Fl Fl |r il
Resdual Values Convergence Criterion
liratons Store. 7] Normaize fterations _ |absalute =
1000 C y
= N -
[ 5cale
[ | compute Local Scale
[ ok | Plot [Renormalize | | Cancel | [ Help

i. Ensure that Plot is enabled in the Options group box.

ii. Keep the default values for the Absolute Criteria of the Residuals, as shown in the Residual
Monitors dialog box.

Click OK to close the Residual Monitors dialog box.

Note

By default, all variables will be monitored and checked by ANSYS Fluent as a means
to determine the convergence of the solution.

Create a surface monitor at the outlet (pressure-outlet)

It is good practice to monitor physical solution quantities in addition to equation residuals when as-

sessing convergence.

~*Monitors (Surface Monitors) — Create...
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s

Surface Monitor @
Marne Report Type
| surf-mon-1 [Far_et Mairnum - ]
Options FEId Variable ]
Temperature... -
Print to Console
Flot [51311':: Temperature - ]
Window Surfaces El=

2 % [Curues.,, ][ Axes, . ] nteri-:ur-ﬂuiu:l
) pressure-outliet
[ werite —ymmew

velodty-inletdarge
| F:/H1_tutorial_re-runs/Tuterial 1/elbow-w | | [velodty-inlet-small
wall-fluid
¥ Axis
[Iteraﬁun v]
et Data Every
| 3 % [Iteraﬁun v]

Average Over(Iterations) [ Highlight Surfiaces

E S
® | [ew surfece ]

[ QK ] [Cancel] [Help ]

i. Retain the default entry of surf-mon-1 for the Name of the surface monitor.
ii. Enable the Plot option for surf-mon-1.
iii. Set Get Data Every to 3 by clicking the up-arrow button.

This setting instructs ANSYS Fluent to update the plot of the surface monitor and write data to a
file after every 3 iterations during the solution.

iv. Select Facet Maximum from the Report Type drop-down list.

v. Select Temperature... and Static Temperature from the Field Variable drop-down lists.
vi. Select pressure-outlet from the Surfaces selection list.

vii. Click OK to save the surface monitor settings and close the Surface Monitor dialog box.

The name and report type of the surface monitor you created will be displayed in the Surface Mon-
itors selection list in the Monitors task page.

Initialize the flow field.

.*solution Initialization
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Solution Initialization

Initialization Methods

@ Hybrid Initizlization
" Standard Initizlization

[ More Settings... I I Initialize

i. Keep the default of Hybrid Initialization from the Initialization Methods group box.
ii. Click Initialize.

e. Check to see if the case conforms to best practices.

‘+*Run Calculation - Check Case

E Case Check

Mesh | Models | Boundaries and Cell Zones | Materials  Solver

Manual Implementation

e
Recommendation

Consider using higher order discretization for improved accuracy of the final solution. First order tJ
discretization may be used in the initial solution.

(Solution Methods)

[Apply] [Clase] IHeIp I

i. Click the Models and Solver tabs and examine the Recommendation in each. These recommend-
ations can be ignored for this tutorial. The issues they raise will be addressed in later tutorials.

ii. Close the Case Check dialog box.

8. Calculate a solution.

a. Start the calculation by requesting 300 iterations.

‘+*Run Calculation
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Run Calculation

| Check Case... | Preview Mesh Motion...

Mumber of Iterations Reporting Interval
| 300 = | 1

4

Profile Update Interval
| 1 (&)
=]

| Data File Quantities... | Acoustic

| Calculate

Help

i. Enter 300 for Number of Iterations.

ii. Click Calculate.

Important

Note that the ANSYS Fluent settings file (FFF.set ) is updated before the calcu-
lation begins.

Important

Note that while the program is calculating the solution, the states of the Setup
and Solution cells in the fluid flow ANSYS Fluent analysis system in ANSYS
Workbench are changing. For example:

« The state of the Setup cell becomes Up-to-Date and the state of the Solution cell
becomes Refresh Required after the Run Calculation task page is visited and the
number of iterations is specified.

+ The state of the Solution cell is Update Required while iterations are taking place.
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« The state of the Solution cell is Up-to-Date when the specified number of iterations
are complete (or if convergence is reached).

Note

As the calculation progresses, the surface monitor history will be plotted in the
graphics window (Figure 1.15: Convergence History of the Maximum Temperature at
Pressure Outlet (p. 49)).

Note

The solution will be stopped by ANSYS Fluent when the residuals reach their specified
values or after 300 iterations. The exact number of iterations will vary depending on
the platform being used. An Information dialog box will open to alert you that the
calculation is complete. Click OK in the Information dialog box to proceed.

Because the residual values vary slightly by platform, the plot that appears on your
screen may not be exactly the same as the one shown here.

Figure 1.15: Convergence History of the Maximum Temperature at Pressure Outlet

2: Convergence history of 5t

304.0000
30Z.0000

300.0000
1] 5 ap T4 100 125 150 175 200 225 250

[teration

Convergence history of Static Temperature on pressure-outlet
AMSYS Fluent (3d, dp, phins, ske)

You can display the residuals history (Figure 1.16: Residuals for the Converged Solution (p. 50)), by
selecting it from the graphics window drop-down list.
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Figure 1.16: Residuals for the Converged Solution
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b. Examine the plots for convergence (Figure 1.16: Residuals for the Converged Solution (p. 50) and
Figure 1.15: Convergence History of the Maximum Temperature at Pressure Outlet (p. 49)).

Note

There are no universal metrics for judging convergence. Residual definitions that are
useful for one class of problem are sometimes misleading for other classes of problems.
Therefore it is a good idea to judge convergence not only by examining residual

levels, but also by monitoring relevant integrated quantities and checking for mass

and energy balances.

There are three indicators that convergence has been reached:
+ The residuals have decreased to a sufficient degree.

The solution has converged when the Convergence Criterion for each variable
has been reached. The default criterion is that each residual will be reduced to a

value of less than 10 _3, except the energy residual, for which the default criterion
is10°.
+ The solution no longer changes with more iterations.

Sometimes the residuals may not fall below the convergence criterion set in the
case setup. However, monitoring the representative flow variables through iterations
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may show that the residuals have stagnated and do not change with further itera-
tions. This could also be considered as convergence.

+ The overall mass, momentum, energy, and scalar balances are obtained.

You can examine the overall mass, momentum, energy and scalar balances in the
Flux Reports dialog box. The net imbalance should be less than 0.2 % of the net
flux through the domain when the solution has converged. In the next step you
will check to see if the mass balance indicates convergence.

9. View the list of files generated by ANSYS Workbench.
View - Files

Note that the status of the Solution cell is now up-to-date.

- A

W & Fluid Flow (Fluent)

2 i) Geometry v 4

3 @ Mesh vy

4 @ setup v 4

5 Solution v 4

6 [ Results -
elbow

1.4.6. Displaying Results in ANSYS Fluent and CFD-Post

In this step, you will display the results of the simulation in ANSYS Fluent, display the results in CFD-
Post, then review the list of files generated by ANSYS Workbench.

1. Display results in ANSYS Fluent.

With ANSYS Fluent still running, you can perform a simple evaluation of the velocity and temperature
contours on the symmetry plane. Later, you will use CFD-Post (from within ANSYS Workbench) to
perform the same evaluation.

a. Display filled contours of velocity magnitude on the symmetry plane (Figure 1.17: Velocity Distribution
Along Symmetry Plane (p. 53)).

*v'Graphics and Animations — = Contours — Set Up...

Note

You can also double-click a list item in order to open the corresponding dialog box.
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s o)

Contours @
Options Contours of

Filled |velodity... 7]

Mode Values : :

Global Range ['l.n'elnuty Magnitude v]

Auto Range

Clip to Range | 0 | 1.364737
[] oraw Profiles
[~] Draw Mesh Surfaces E=EE

mterior-fluid -
ressure-outet

Levels Setup
> 8t &

elodty-nletdarge
elodity-inlet-small -

Surface Mame Pattern
Surface Types [E] E]
r

¥is

ip-surf |
whaust-fan

n -

[Display] [Cumpute] [ Close ] [ Help ]

i. In the Contours dialog box, enable Filled in the Options group box.

ii. Ensure that Node Values is enabled in the Options group box.

iii. Select Velocity... and Velocity Magnitude from the Contours of drop-down lists.
iv. Select symmetry from the Surfaces selection list.

v. Click Display to display the contours in the active graphics window.
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Figure 1.17: Velocity Distribution Along Symmetry Plane
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b. Display filled contours of temperature on the symmetry plane (Figure 1.18: Temperature Distribution
Along Symmetry Plane (p. 55)).

1'v'Graphics and Animations — = Contours - Set Up...

Release 15.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 53



Introduction to Using ANSYS Fluent in ANSYS Workbench: Fluid Flow and Heat

Transfer in a Mixing Elbow

s

Surface Mame Pattern

Contours @
Options Contours of
Filled [Temperamre. - — ]
Mode Values .
Global Range [5131::: Temperature - ]
Auto Range Min (k) Max (k)
Clip to Range |292.93?2 |313.2239
[] oraw Profiles
[~] Draw Mesh Surfaces E=EE
mterior-fluid -
ressure-outlet
Levels Setup =
| 20 % | 1 % elodty-nletdarge
elodity-inlet-small -

T (e

Surface Types [E] E]
¥is s
ip-surf |
xhaust-fan B

n -

[Display] [Cumpute] [ Close ] [ Help ]

i. Select Temperature... and Static Temperature from the Contours of drop-down lists.

ii. Click Display and close the Contours dialog box.
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Figure 1.18: Temperature Distribution Along Symmetry Plane
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Close the ANSYS Fluent application.

File - Close Fluent

Important

Note that the ANSYS Fluent case and data files are automatically saved when you exit
ANSYS Fluent and return to ANSYS Workbench.

. View the list of files generated by ANSYS Workbench.

View - Files
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Note the addition of the compressed ANSYS Fluent case and data files to the list of files. These
will have names like FFF-1.cas.gz  and FFF-1-00222.dat.gz . Note that the digit(s) fol-
lowing FFF may be different if you have had to restart the meshing or calculation steps for any
reason and that the name of the data file is based on the number of iterations. Thus your file
names may be slightly different than those shown here.

2. Display results in CFD-Post.
a. Start CFD-Post.

In the ANSYS Workbench Project Schematic, double-click the Results cell in the elbow fluid
flow analysis system (cell A6).This displays the CFD-Post application. You can also right-click the
Results cell to display the context menu where you can select the Edit... option.

Note

The elbow geometry is already loaded and is displayed in outline mode. ANSYS Fluent
case and data files are also automatically loaded into CFD-Post.

Figure 1.19: The Elbow Geometry Loaded into CFD-Post

G 6 elbow - CFD-Pos == on |
Fle Edt Sesson  Teett Tool  Hel

P 06 Beete - FEAEZXFP HFAHIED xEEERNS OD S L0 E 6 E _

Outine | vanables | Expressons | ca ¢ | o ([Geaae @ O 1
« &) Cases  Viewl v
P
i 5 fsd
T PE oressure outlet

: ¥ symmelry
1 DE velodty inet large
1% velodty inet small
1P el Prict
4 g User Locations and Plobs
9 Default Trarsform
& [}} Defoult Legend vew 1
& wreframe
# | Report
[¥] g Tt Page:
b 3 g FleReport
b (W Mesh Report
b W i Physics Report
» [T Selstion Report
(¥ [A] user Data
o [#] Display Properties and Defaults

30 Viewer | Tabla Vvt | Chartlewer | CommentVewer | Raport Viewsr |

b. Reorient the display.

Click the blue Z axis on the axis triad in the bottom right hand corner of the graphics display to
orient the display so that the view is of the front of the elbow geometry.
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Ensure that Highlighting (ig) is disabled.

Display filled contours of velocity magnitude on the symmetry plane (Figure 1.20: Velocity Distribution
Along Symmetry Plane (p. 58)).

i. Insert a contour object using the Insert menu item at the top of the CFD-Post window.
Insert — Contour
This displays the Insert Contour dialog box.

ii. Keep the default name of the contour (Contour 1 ) and click OK to close the dialog box. This
displays the Details of Contour 1 view below the Outline view in CFD-Post. This view contains
all of the settings for a contour object.

iii. In the Geometry tab, select fluid in the Domains list.
iv. Select symmetry in the Locations list.
v. Select Velocity in the Variable list.

vi. Click Apply.

Details of Contour 1

Geometry | Labels I Render | View |

~
Domains [ﬂuid - ] D
Locations [S\y'mmnetr\yI - ] [j

Variable | velocity -] D

m

Range [Glubal - ]
Min 0 [ms~-1]
Max 1.36322 [m s°-1]

Boundary Data Hybrid @ Conservative -

[ Reset ][ Defaults
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Figure 1.20: Velocity Distribution Along Symmetry Plane
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e. Display filled contours of temperature on the symmetry plane (Figure 1.21: Temperature Distribution
Along Symmetry Plane (p. 59)).

i. Click the check-marked box beside the Contour 1 object under User Locations and Plots to
disable the Contour 1 object and hide the first contour display.

ii. Insert a contour object.
Insert — Contour
This displays the Insert Contour dialog box.

iii. Keep the default name of the contour (Contour 2 ) and click OK to close the dialog box. This
displays the Details of Contour 2 view below the Outline view.

iv. In the Geometry tab, select fluid from the Domains list.
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v. Select symmetry in the Locations list.
vi. Select Temperature in the Variable list.

vii. Click Apply.

Figure 1.21: Temperature Distribution Along Symmetry Plane
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3. Close the CFD-Post application by selecting File — Close ANSYS CFD-Post or by clicking the ‘X’ in the
top right corner of the window.

Important

Note that the CFD-Post state files are automatically saved when you exit CFD-Post
and return to ANSYS Workbench.
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4. Save the elbow-workbench  project in ANSYS Workbench.
5. View the list of files generated by ANSYS Workbench.
View - Files

Note the addition of the CFD-Post state file (elbow.cst ) to the list of files. For more information
about CFD-Post (and the files associated with it), see the CFD-Post documentation.

1.4.7.Duplicating the Fluent-Based Fluid Flow Analysis System

At this point, you have a completely defined fluid flow system that is comprised of a geometry, a
computational mesh, a CFD setup and solution, and corresponding results. In order to study the effects
upon the flow field that may occur if you were to alter the geometry, another fluid flow analysis is re-
quired. One approach would be to use the current system and change the geometry, however you
would overwrite the data from your previous simulation. A more suitable and effective approach would
be to create a copy, or duplicate, of the current system, and then make the appropriate changes to the
duplicate system.

In this step, you will create a duplicate of the original Fluent-based fluid flow system, then review the
list of files generated by ANSYS Workbench.

1. In the Project Schematic, right-click the title cell of the Fluid Flow (Fluent) system and select Duplicate

from the context menu.

Figure 1.22: Duplicating the Fluid Flow System

- A
I8 % Fluid Flow (Fluent) Refresh
2 [f) Geometry v % Update
3 @ Mesh v
4| @ setup v |_.=*| Duplicate ﬂ
5 |8 Solution v Clear Generated Data
6 @ Results v | K& Delete
elbow QE Rename
Properties
Add Mote
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Figure 1.23: The Original Fluid Flow System and Its Duplicate

- A - B
1 1
2 |} Geometry v 2 |} Geometry v
3 @ Mesh vy 3 @ Mesh v .
4 @ Setup v 4 4 @ Setup v 4
5 | @5 Solution v 4 5 Solution ¥ 4
6 @ Resuts v 6 @ Results =
elbow Copy ofelbow
Note

Notice that in the duplicated system, the state of the Solution cell indicates that the cell
requires an update while the state of the Results cell indicates that the cell requires at-
tention. This is because when a system is duplicated, the case and data files are not
copied to the new system, therefore, the new system does not yet have solution data
associated with it.

2. Rename the duplicated system to new-elbow .

3. Save the elbow-workbench  project in ANSYS Workbench.

1.4.8.Changing the Geometry in ANSYS DesignModeler

Now that you have two separate, but equivalent, Fluent-based fluid flow systems to work from, you
can make changes to the second system without impacting the original system. In this step, you will
make a slight alteration to the elbow geometry in ANSYS DesignModeler by changing the diameter of
the smaller inlet, then review the list of files generated by ANSYS Workbench.

1. Open ANSYS DesignModeler.

Double-click the Geometry cell of the new-elbow system (cell B2) to display the geometry in
ANSYS DesignModeler.

2. Change the diameter of the small inlet (velocity-inlet-small ).
a. Select Cylinder1 to open the Details View of the small inlet pipe.

b. In the Details View, change the FD10, Radius (>0) value from 12.5 millimeters to 19 millimeters.
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C.

Details View
[=I| Details of Cylinderl
Cylinder Cylinderl
Base Plane XYPlane
Operation Add Material
Origin Definition Coordinates
FD3, Crigin ¥ Coordinate 137.5 mm
FD4, Crigin ¥ Coordinate -225 mm
FD5, Origin £ Coordinate 0 mm
Axis Definition Components
FD&, Axis ¥ Component 0 mm
FO7, Axis ¥ Component 125 mm
FD&, Axis £ Component 0 mm
B FCi0, Radius (>0} 19 mm
As Thin/Surface? Ma

Click the Generate button to generate the geometry with your new values.
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Figure 1.24: Changing the Diameter of the Small Inlet in ANSYS DesignModeler
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3. Close ANSYS DesignModeler.
4. View the list of files generated by ANSYS Workbench.
View - Files

Note the addition of the geometry, mesh, and ANSYS Fluent settings files now associated with the
new, duplicated system.

1.4.9. Updating the Mesh in the ANSYS Meshing Application

The modified geometry now requires a new computational mesh. The mesh settings for the duplicated
system are retained in the duplicated system. In this step, you will update the mesh based on the mesh
settings from the original system, then review the list of files generated by ANSYS Workbench.
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In the Project Schematic, right-click the Mesh cell of the new-elbow system (cell B3) and select Update
from the context menu. This will update the mesh for the new geometry based on the mesh settings

you specified earlier in the ANSYS Meshing application without having to open the editor to regenerate
the mesh.

Figure 1.25: Updating the Mesh for the Changed Geometry

- A - B

8 3% Flid Flow (Fluent) 8 % Fluid Flow (Fluent)

2 ) Geometry v 4 2 i) Geometry v 4
3 @ Mesh v . 3 |@ mesh &L
(@ Edit.
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5 Solution v 5 Solution # |53 Duplicate
6 @ Resuts vy 5 @ Resuts = Transfer Data To New
elbow new-elbow

|/ Update L\J

@ Refresh
Clear Generated Data

Reset

ﬁE Rename

Properties

Quick Help
Add Mote

It will take a few moments to update the mesh. Once the update is complete, the state of the Mesh
cell is changed to up-to-date, symbolized by a green check mark.

For illustrative purposes of the tutorial, the new geometry and the new mesh are displayed below.
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Figure 1.26: The Updated Geometry and Mesh in the ANSYS Meshing Application
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Inspecting the files generated by ANSYS Workbench reveals the updated mesh file for the duplicated
system.

View - Files

1.4.10. Calculating a New Solution in ANSYS Fluent

Now that there is an updated computational mesh for the modified geometry in the duplicated system,
a new solution must be generated using ANSYS Fluent. In this step, you will revisit the settings within
ANSYS Fluent, calculate another solution, view the new results, then review the list of files generated

by ANSYS Workbench.

1. Open ANSYS Fluent.

In the Project Schematic, right-click the Setup cell of the new-elbow system (cell B4) and select
Edit... from the context menu. Since the mesh has been changed, you are prompted as to whether
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9.

you want to load the new mesh into ANSYS Fluent or not. Click Yes to continue, and click OK when
Fluent Launcher is displayed in order to open ANSYS Fluent.

Figure 1.27: ANSYS Workbench Prompt When the Upstream Mesh Has Changed

-
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' new mesh?

Yes l | Mo | | Cancel

Ensure that the unit of length is set to millimeters.

FY
“’*General - Units...

Check the mesh (optional).

“*General - Check

Revisit the boundary conditions for the small inlet.

Fe =
o =

-~ Boundary Conditions - = velocity-inlet-small - Edit...

Here, you must set the hydraulic diameter to 38 mm based on the new dimensions of the small
inlet.

Re-initialize the solution.

+*Solution Initialization
Keep the default Hybrid Initialization and click Initialize.

Recalculate the solution.

1':"Run Calculation

Keep the Number of Iterations set to 300 and click Calculate.
Close ANSYS Fluent.

Revisit the results of the calculations in CFD-Post.

Double-click the Results cell of the new-elbow fluid flow system to re-open CFD-Post where you
can review the results of the new solution.

Close CFD-Post.

10. Save the elbow-workbench  project in ANSYS Workbench.
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11. View the list of files generated by ANSYS Workbench.
View - Files

Note the addition of the solution and state files now associated with new duplicated system.

1.4.11.Comparing the Results of Both Systems in CFD-Post

In this step, you will create a new Results system in ANSYS Workbench, use that system to compare
the solutions from each of the two Fluent-based fluid flow analysis systems in CFD-Post at the same
time, then review the list of files generated by ANSYS Workbench.

1. Create a Results system.

In ANSYS Workbench, drag a Results system from the Component Systems section of the Toolbox
and drop it into the Project Schematic, next to the fluid flow systems.

Figure 1.28: The NewResults System in the Project Schematic

- A - B - C
2 ) Geometry 4 2 () Geometry v 4 2 @ Results i u
3 ﬁ Mesh v 3 ﬁ Mesh v o Results
4 @@ setup v 4 @ setup v 4
5 Solution 4 5 Solution v 4
6§ @ Results 4 6§ @ Results v 4
elbow new-elbow

2. Add the solutions of each of the systems to the Results system.

a. Select the Solution cell in the first Fluid Flow analysis system (cell A5) and drag it over the Results
cell in the Results system (cell C2). This creates a transfer data connection between the two systems.

Figure 1.29: Connecting the First Fluid Flow System to the New Results System

- A - B - C
2 ) Geometry v 4 2 ) Geometry v 4 2 @ Results i P
3 ﬁ Mesh v 3 @ Mesh v 4 Rezults
4 @ setup v 4 4 @ setp v
5 Solution v 4 5 Solution v 4
6 @ Results v 4 6 @ Results v 4
elbow new-elbow

b. Select the Solution cell in the second Fluid Flow analysis system (cell B5) and drag it over the Results
cell in the Results system (cell C2). This creates a transfer data connection between the two systems.
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Figure 1.30: Connecting the Second Fluid Flow System to the New Results System
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3. Open CFD-Post to compare the results of the two fluid flow systems.

Now that the two fluid flow systems are connected to the Results system, double-click the Results
cell in the Results system (cell C2) to open CFD-Post. Within CFD-Post, both geometries are displayed
side by side.

Figure 1.31: CFD-Post with Both Fluid Flow Systems Displayed
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a. Re-orient the display.
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In each view, click the blue Z axis on the axis triad in the bottom right hand corner of the
graphics display to orient the display so that the view is of the front of the elbow geometry.

Important

Alternatively, you can select the synchronization tool (EE') in the 3D Viewer
Toolbar to synchronize the views, so that when you re-orient one view, the
other view is automatically updated.

Display filled contours of velocity magnitude on the symmetry plane.
i. Insert a contour object.

Insert — Contour

This displays the Insert Contour dialog box.

ii. Keep the default name of the contour (Contour 1 ) and click OK to close the dialog box. This
displays the Details of Contour 1 view below the Outline view in CFD-Post. This view contains
all of the settings for a contour object.

iii. In the Geometry tab, select fluid in the Domains list.
iv. Select symmetry in the Locations list.
v. Select Velocity in the Variable list.

vi. Click Apply. The velocity contours are displayed in each view.
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Figure 1.32: CFD-Post Displaying Velocity Contours for Both Geometries
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c. Display filled contours of temperature on the symmetry plane.

i. Deselect the Contour 1 object under User Locations and Plots in CFD-Post to hide the first
contour display.

ii. Insert another contour object.
Insert — Contour
This displays the Insert Contour dialog box.

iii. Keep the default name of the contour (Contour 2 ) and click OK to close the dialog box. This
displays the Details of Contour 2 view below the Outline view in CFD-Post.
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iv. In the Geometry tab, select fluid in the Domains list.

v. Select symmetry in the Locations list.

vi. Select Temperature in the Variable list.

vii. Click Apply. The temperature contours are displayed in each view.

Figure 1.33: CFD-Post Displaying Temperature Contours for Both Geometries

View 1l » elbow - ] View2 = newelbow - 0

. Close the CFD-Post application.
Save the elbow-workbench  project in ANSYS Workbench.
. View the list of files associated with your project using the Files view.

View - Files
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Note the addition of the Results system and its corresponding files.

1.5.Summary

In this tutorial, portions of ANSYS Workbench were used to compare the fluid flow through two slightly
different geometries. ANSYS DesignModeler was used to create a mixing elbow geometry, ANSYS
Meshing was used to create a computational mesh, ANSYS Fluent was used to calculate the fluid flow
throughout the geometry using the computational mesh, and CFD-Post was used to analyze the results.
In addition, the geometry was altered, a new mesh was generated, and a new solution was calculated.
Finally, ANSYS Workbench was set up so that CFD-Post could directly compare the results of both cal-
culations at the same time.
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Chapter 2: Parametric Analysis in ANSYS Workbench Using ANSYS
Fluent

This tutorial is divided into the following sections:
2.1.Introduction
2.2.Prerequisites
2.3.Problem Description
2.4.Setup and Solution

2.1.Introduction

This tutorial illustrates using an ANSYS Fluent fluid flow system in ANSYS Workbench to set up and
solve a three-dimensional turbulent fluid flow and heat transfer problem in an automotive heating,
ventilation, and air conditioning (HVAC) duct system. ANSYS Workbench uses parameters and design
points to allow you to run optimization and what-if scenarios. You can define both input and output
parameters in ANSYS Fluent that can be used in your ANSYS Workbench project. You can also define
parameters in other applications including ANSYS DesignModeler and ANSYS CFD-Post. Once you have
defined parameters for your system, a Parameters cell is added to the system and the Parameter Set
bus bar is added to your project. This tutorial is designed to introduce you to the parametric analysis
utility available in ANSYS Workbench.

The tutorial starts with a Fluid Flow (Fluent) analysis system with pre-defined geometry and mesh
components. Within this tutorial, you will redefine the geometry parameters created in ANSYS Design-
Modeler by adding constraints to the input parameters. You will use ANSYS Fluent to set up and solve
the CFD problem. While defining the problem set-up, you will also learn to define input parameters in
ANSYS Fluent. The tutorial will also provide information on how to create output parameters in ANSYS
CFD-Post.

This tutorial demonstrates how to do the following:

+ Add constraints to the ANSYS DesignModeler input parameters.

+ Create an ANSYS Fluent fluid flow analysis system in ANSYS Workbench.

+ Set up the CFD simulation in ANSYS Fluent, which includes:
- Setting material properties and boundary conditions for a turbulent forced convection problem.
— Defining input parameters in Fluent

+ Define output parameters in CFD-Post

+ Create additional design points in ANSYS Workbench.

* Run multiple CFD simulations by updating the design points.
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+ Analyze the results of each design point project in ANSYS CFD-Post and ANSYS Workbench.

Important

The mesh and solution settings for this tutorial are designed to demonstrate a basic paramet-
erization simulation within a reasonable solution time-frame. Ordinarily, you would use addi-
tional mesh and solution settings to obtain a more accurate solution.

2.2.Prerequisites

This tutorial assumes that you are already familiar with the ANSYS Workbench interface and its project
workflow (for example, ANSYS DesignModeler, ANSYS Meshing, ANSYS Fluent, and ANSYS CFD-Post).
This tutorial also assumes that you have completed Introduction to Using ANSYS Fluent in ANSYS
Workbench: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 1), and that you are familiar with the
ANSYS Fluent graphical user interface. Some steps in the setup and solution procedure will not be
shown explicitly.

2.3.Problem Description

In the past, evaluation of vehicle air conditioning systems was performed using prototypes and testing
their performance in test labs. However, the design process of modern vehicle air conditioning (AC)
systems improved with the introduction of Computer Aided Design (CAD), Computer Aided Engineering
(CAE) and Computer Aided Manufacturing (CAM). The AC system specification will include minimum
performance requirements, temperatures, control zones, flow rates etc. Performance testing using CFD
may include fluid velocity (air flow), pressure values, and temperature distribution. Using CFD enables
the analysis of fluid through very complex geometry and boundary conditions.

As part of the analysis, a designer can change the geometry of the system or the boundary conditions
such as the inlet velocity, flow rate, etc., and view the effect on fluid flow patterns. This tutorial illustrates
the AC design process on a representative automotive HVAC system consisting of both an evaporator
for cooling and a heat exchanger for heating requirements.
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Figure 2.1: Automotive HVAC System
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Figure 2.2: HVAC System Valve Location Details
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Figure 2.1: Automotive HVAC System (p. 75) shows a representative automotive HVAC system. The system
has three valves (as shown in Figure 2.2: HVAC System Valve Location Details (p. 76)), which control the
flow in the HVAC system. The three valves control:

+ Flow over the heat exchanger coils
+ Flow towards the duct controlling the flow through the floor vents
+ Flow towards the front vents or towards the windshield

Air enters the HVAC system at 310 K with a velocity of 0.5 m/sec through the air inlet and passes to

the evaporator and then, depending on the position of the valve controlling flow to the heat exchanger,
flows over or bypasses the heat exchanger. Depending on the cooling and heating requirements, either
the evaporator or the heat exchanger would be operational, but not both at the same time. The position
of the other two valves controls the flow towards the front panel, the windshield, or towards the floor
ducts.

The motion of the valves is constrained. The valve controlling flow over the heat exchanger varies
between 25° and 90°. The valve controlling the floor flow varies between 20° and 60°. The valve con-
trolling flow towards front panel or windshield varies between 15° and 175°.

The evaporator load is about 200 W in the cooling cycle. The heat exchanger load is about 150 W.

This tutorial illustrates the easiest way to analyze the effects of the above parameters on the flow pat-
tern/distribution and the outlet temperature of air (entering the passenger cabin). Using the parametric
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analysis capability in ANSYS Workbench, a designer can check the performance of the system at various
design points.

Figure 2.3: Flow Pattern for the Cooling Cycle

Excl:lea::gar // - 4

2.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
2.4.1.Preparation
2.4.2. Adding Constraints to ANSYS DesignModeler Parameters in ANSYS Workbench
2.4.3.Setting Up the CFD Simulation in ANSYS Fluent
2.4.4.Defining Input Parameters in ANSYS Fluent and Running the Simulation
2.4.5.Postprocessing and Setting the Output Parameters in ANSYS CFD-Post
2.4.6.Creating Additional Design Points in ANSYS Workbench
2.4.7.Postprocessing the New Design Points in CFD-Post
2.4.8.Summary
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2.4.1.Preparation
To prepare for running this tutorial:
1. Set up a working folder on the computer you will be using.

2. Go to the ANSYS Customer Portal, https://support.ansys.com/training.

Note

If you do not have a login, you can request one by clicking Customer Registration on
the log in page.

3. Enter the name of this tutorial into the search bar.
4. Narrow the results by using the filter on the left side of the page.
a. Click ANSYS Fluent under Product.

b. Click 15.0 under Version.

5.  Select this tutorial from the list.
6. Click Files to download the input and solution files.
7. Unzip the workbench-parameter-tutorial _R150.zip file to your working folder.

The extracted wor kbench- par anet er -t ut ori al folder contains a single archive file f | uent -
wor kbench- par am whpz that includes all supporting input files of the starting ANSYS Workbench
project and a folder called f i nal _proj ect _fi | es that includes the archived final version of the
project. The final result files incorporate ANSYS Fluent and ANSYS CFD-Post settings and all already
defined design points (all that is required is to update the design points in the project to generate cor-
responding solutions).

Note

ANSYS Fluent tutorials are prepared using ANSYS Fluent on a Windows system. The screen
shots and graphic images in the tutorials may be slightly different than the appearance on
your system, depending on the operating system or graphics card.

2.4.2. Adding Constraints to ANSYS DesignModeler Parameters in ANSYS
Workbench

In this step, you will start ANSYS Workbench, open the project file, review existing parameters, create
new parameters, and add constraints to existing ANSYS DesignModeler parameters.

1. Start ANSYS Workbench by clicking the Windows Start menu, then selecting the Workbench option in
the ANSYS 15.0 program group.

Start — All Programs — ANSYS 15.0 —. Workbench 15.0
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This displays the ANSYS Workbench application window, which has the Toolbox on the left and the
Project Schematic to its right. Various supported applications are listed in the Toolbox, and the
components of the analysis system are displayed in the Project Schematic.

Note

When you first start ANSYS Workbench, the Getting Started message window is displayed,
offering assistance through the online help for using the application. You can keep the
window open, or close it by clicking OK. If you need to access the online help at any

time, use the Help menu, or press the F1 key.

2. Restore the archive of the starting ANSYS Workbench project to your working directory.

File - Restore Archive...

The Select Archive to Restore dialog box appears.

a.

Browse to your working directory, select the project archive file fluent-workbench-param.wbpz
and click Open.

The Save As dialog box appears.

Browse, if necessary, to your working folder and click Save to restore the project file, fluent-
workbench-param.wbpj  , and a corresponding project folder, fluent-workbench-
param_files , for this tutorial.

Now that the project archive has been restored, the project will automatically open in ANSYS
Workbench.
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Figure 2.4: The Project Loaded into ANSYS Workbench
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The project (fluent-workbench-param.wbpj ) already has a Fluent-based fluid flow analysis
system that includes the geometry and mesh, as well as some predefined parameters. You will first
examine and edit parameters within Workbench, then later proceed to define the fluid flow model
in ANSYS Fluent.

3. Open the Files view in ANSYS Workbench so you can view the files associated with the current project
and are written during the session.

View - Files
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Figure 2.5: The Project Loaded into ANSYS Workbench Displaying Properties and Files View
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Note the types of files that have been created for this project. Also note the states of the cells for the
Fluid Flow (Fluent) analysis system. Since the geometry has already been defined, the status of the Geo-

metry cell is Up-to-Date (). Since the mesh is not complete, the Mesh cell’s state is Refresh Required

(’€), and since the ANSYS Fluent setup is incomplete and the simulation has yet to be performed, with

no corresponding results, the state for the Setup, Solution, and Results cells is Unfulfilled (? ). For more
information about cell states, see Understanding Cell States.

4. Review the input parameters that have already been defined in ANSYS DesignModeler.

a. Double-click the Parameter Set bus bar in the ANSYS Workbench Project Schematic to open the
Parameters Set tab.

Note

To return to viewing the Project Schematic, click the Project tab.

b. In the Outline of All Parameters view (Figure 2.6: Parameters Defined in ANSYS DesignModeler (p. 82)),
review the following existing parameters:
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5.

« The parameter hcpos represents the valve position that controls the flow over the heat exchanger.

When the valve is at an angle of 25° it allows the flow to pass over the heat exchanger. When the

angle is 90°, it completely blocks the flow towards the heat exchanger. Any value in between allows

some flow to pass over the heat exchanger giving a mixed flow condition.

+ The parameter ftpos represents the valve position that controls flow towards the floor duct. When

the valve is at an angle of 20° it blocks the flow towards the floor duct and when the valve angle
is 60°, it unblocks the flow.

« The parameter wsfpos represents the valve position that controls flow towards the windshield
and the front panel. When the valve is at an angle of 15°, it allows the entire flow to go towards
the windshield. When the angle is 90° it completely blocks the flow towards windshield as well as
the front panel. When the angle is 175°, it allows the flow to go towards the windshield and the
front panel.

Figure 2.6: Parameters Defined in ANSYS DesignModeler
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Create three new input parameters.

In the row that contains New input parameter, click the parameter table cell under the Parameter
Name column (the cell with New name) to create a new named input parameter. Create three new
parameters named input_hcpos ,input_ftpos ,and input_wsfpos . Note the ID of the
parameter that appears in column A of the table. For the new input parameters, the parameter IDs
would be P4, P5, and P6, respectively. In the Values column, enter values for each new parameter
of 15, 25, and 90, respectively.
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Figure 2.7: New Parameters Defined in ANSYS Workbench
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6. Select the row or any cell in the row that corresponds to the hcpos parameter. In the Properties of

Outline view, change the value of the hcpos parameter in the Expression field from 90 to the expression

min(max(25,P4),90)
between 25° and 90°. The redefined parameter hcpos is automatically passed to ANSYS DesignModeler.

Alternatively the same constraint can also be set using the expression max(25, min(P4,90))

.This puts a constraint on the value of hcpos , so that the value always remains

. After

defining this expression, the parameter becomes a derived parameter that is dependent on the value of

the parameter input_hcpos

having the parameter ID of P4.The derived parameters are unavailable

for editing in the Outline of All Parameters view and could be redefined only in the Properties of
Outline view.
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Figure 2.8: Constrained Parameterhcpos
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Properties of Outline A4: P1

Quantity Name

Dimensionless

A B
1 Property Yalue
2
3 Expression min{max{25,P4),90)
4 Description
5 Error Message
5 Expression Type | Derived
7 Usage Input
8

7. Select the row or any cell in the row that corresponds to the ftpos

pression for ftpos

(min(max(20,P5),60)

).

parameter and create a similar ex-
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Figure 2.9: Constrained Parameterf t pos
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13 Charts

Properties of Qutine B5: P2

A B
Property Value
Expression min{max(20,P5),60)
Description

Error Message

Expression Type  |Derived

Usage Input

(=30 ICRI = " T T O (V0 A S

Quantity Mame

Dimensionless

8. Create a similar expression for wsfpos (min(max(15,P6),175)
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Figure 2.10: Constrained Parameterwsf pos

Outline of All Parameters * O x

A B C
1 D Parameter Mame Value
2 = Input Parameters
3 B & Fluid Flow (FLUENT) (A1)
4 p P1 hcpos 25
5 h P2 ftpos 25
& b P3 wsfpos a0
7 b re input_hcpos 15
8 b P5 input_ftpos 25
q fp P& input_wsfpos g0
3 Fp Mew input parameter Mew name Mew expression
11 EH Output Parameters
3 p_¢| Mew output parameter Mew expression
13 Charts

Properties of Outline C&: P3 * 0 X
A B
1 Property Value
2 =
3 Expression min{max{15,P&),175)
4 Description
5 Error Message
6 Expression Type | Derived
7 Usage Input
3 Quantity Name Dimensionless

9. Click the X on the right side of the Parameters Set tab to close it and return to the Project Schematic.

Note the new status of the cells in the Fluid Flow (Fluent) analysis system. Since we have changed
the values of hcpos , ftpos , and wsfpos  to their new expressions, the Geometry and Mesh cells

now indicates Refresh Required ().
10. Update the Geometry and Mesh cells.
a. Right-click the Geometry cell and select the Update option from the context menu.

b. Likewise, right-click the Mesh cell and select the Refresh option from the context menu. Once the
cell is refreshed, then right-click the Mesh cell again and select the Update option from the context
menu.

11. Save the project in ANSYS Workbench.
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In the main menu, select File — Save

2.4.3.Setting Up the CFD Simulation in ANSYS Fluent

Now that you have edited the parameters for the project, you will set up a CFD analysis using ANSYS
Fluent. In this step, you will start ANSYS Fluent, and begin setting up the CFD simulation.

1. Start ANSYS Fluent.

In the ANSYS Workbench Project Schematic, double-click the Setup cell in the ANSYS Fluent fluid
flow analysis system. You can also right-click the Setup cell to display the context menu where you
can select the Edit... option.

When ANSYS Fluent is first started, Fluent Launcher is displayed, allowing you to view and/or set
certain ANSYS Fluent start-up options.

Fluent Launcher allows you to decide which version of ANSYS Fluent you will use, based on your geometry
and on your processing capabilities.

Figure 2.11: ANSYS Fluent Launcher

I il

= Fluent Launcher (Setting Edit Only) E'@
ANSYS Fluent Launcher

Dimenzion

2 Double

a0 t ezhing kMode
Dizplay Options Processing Options
| Dizplay Mesh After Reading @ Serial
| Embed Graphics “Windows Parallel
| Workbench Color Scheme

Do not zhaw thiz panel again
(4] Show Mare Optians

ok l | Cancel | | Help =

a. Ensure that the proper options are enabled.

Important

Note that the Dimension setting is already filled in and cannot be changed, since
ANSYS Fluent automatically sets it based on the mesh or geometry for the current
system.
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i. Ensure that the Display Mesh After Reading, Embed Graphics Windows, and Workbench Color
Scheme options are enabled.

Note

An option is enabled when there is a check mark in the check box, and disabled
when the check box is empty. To change an option from disabled to enabled (or
vice versa), click the check box or the text.

ii. Ensure that Serial is selected from the Processing Options list.

Important

The memory requirements of this tutorial exceed the 2 GB per process limit of
32-bit Windows platforms. If you are planning to run this tutorial on a 32-bit
Windows platform, it is necessary to enable parallel processing by selecting Parallel
under Processing Options and setting Number of Processes to at least 2. Note
that you must have the correct license support in order to use parallel processing.

Parallel processing also offers a substantial reduction in computational time. Refer
to Parallel Processing (p. 1129) in this manual and Starting Parallel ANSYS Fluent
Using Fluent Launcher in the User’s Guide for further information about using the
parallel processing capabilities of ANSYS Fluent.

iii. Ensure that the Double Precision option is disabled.

Note

Fluent will retain your preferences for future sessions.

b. Click OK to launch ANSYS Fluent.
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Figure 2.12: The ANSYS Fluent Application
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2. Reorder the mesh.

Mesh - Reorder - Domain

This is done to reduce the bandwidth of the cell neighbor number and to speed up the computations.
This is especially important for large cases involving 1 million or more cells. The method used to reorder

the domain is the Reverse Cuthill-McKee method.
3. Set up your models for the CFD simulation.

a. Enable heat transfer by activating the energy equation.

+*Models - Energy - Edit...

Energy

Energy Equation

[ Ik ] [Cancel] [Help ]

i. Enable the Energy Equation option.
ii. Click OK to close the Energy dialog box.

b. Enable the k- ¢ turbulence model.
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e
“*Models - Viscous - Edit...

E Viscous Model @
Model Model Constants

) Invisdd cmu i

) Laminar ||:| 09

) Spalart-Allmaras (1 eqgn) '

@) k-epsilon (2 egn) C1-Epsion =

! k-omega (2 eqn)

~| Transition k+l-omega (3 eqn)
" Transition 55T (4 eqn) C2-Epsilon
| Reynolds Stress (7 eqgn) a2

) Scale-Adaptive Simulation (SAS) | '

") Detached Eddy Simulation (DES)

| 1.44

TKE Prandt Mumber

" Large Eddy Simulation (LES) | .
k-epsilon Model i
@ Standard User-Defined Functions
_/ RNG Turbulent Viscosity
" Realizable Inune . ‘
Mear-Wall Treatment Prandt Mumbers
~! Standard Wall Functions TKE Prandtl Number it
_! Scalable Wall Functions I I
_ Non-Equilibrium Wall Functions nans T A
@) Enhanced Wall Treatment TDR Prandtl Mumber =
! User-Defined Wall Functions I.—,.;..—,E v]
Enhanced Wall Treatment Options Energy Prandtl Number
[] Pressure Gradient Effects Inune v] -
[] Thermal Effects
Options
|:| Viscous Heating
|:| Curvature Correction
[ Production KatoLaunder
[ Production Limiter

[ (4 I [ Cancel IHEIp I

i. Select k-epsilon (2 eqn) from the Model list.
ii. Select Enhanced Wall Treatment from the Near-Wall Treatment group box.

The default Standard Wall Functions are generally applicable when the cell layer adjacent

to the wall has a y+ larger than 30. In contrast, the Enhanced Wall Treatment option provides
consistent solutions for all y+ values. Enhanced Wall Treatment is recommended when using
the k-epsilon model for general single-phase fluid flow problems. For more information
about Near Wall Treatments in the k-epsilon model refer to Wall Treatment for RANS Models
in the User’s Guide.

iii. Click OK to retain the other default settings, enable the model, and close the Viscous Model
dialog box.
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2.4.4.Defining Input Parameters in ANSYS Fluent and Running the Simulation

You have now started setting up the CFD analysis using ANSYS Fluent. In this step, you will define input
parameters for the velocity inlet, define heat source boundary conditions for the evaporator, then cal-

culate a solution.

1. Define an input parameter called in_velocity for the velocity at the inlet boundary.

1'v"Boundary Conditions —» = inlet-air - Edit...

This displays the Velocity Inlet dialog box.

B velocity Inlet ==

Zone Mame

| inlet-air

Momentum | Thermal | Radiation | Spedes | DPM | Multiphase | DS |

Velodity Specification Method [Magnimde, Mormal to Boundary ']
Reference Frame [.ﬁ.bsulute v]
Velodty Magnitude (m/s) ||:|,5 [in_uelm:ity' v]
SupersonicyInitial Gauge Pressure {pascal) ||:, [mngmnt v]
Turbulence
Specification Method [Intensity and Hydraulic Diameter "]
Turbulent Intensity (%) [ g [E]
Hydraulic Diameter {m) | 0.061 @

[ oK ] [Cancel [Help ]

a. In the Velocity Inlet dialog box, select New Input Parameter... from the drop-down list for the
Velocity Magnitude.

This displays the Input Parameter Properties dialog box.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc.and its subsidiaries and affiliates. 91



Parametric Analysis in ANSYS Workbench Using ANSYS Fluent

e.

f.

glnput Pararneter Properties @
Marme
| in_velociby
Current Yalue (m/s)
||:|.5
Used In:
| oK | |Cancel | | Help |
In the Input Parameter Properties dialog box, enter in_velocity for the Name, and enter

0.5 for the Current Value.
Click OK to close the Input Parameter Properties dialog box.

In the Velocity Inlet dialog box, select Intensity and Hydraulic Diameter from the Specification
Method drop-down list in the Turbulence group box.

Retain the value of 5 % for Turbulent Intensity.

Enter 0.061 for Hydraulic Diameter (m).

2. Define an input parameter called in_temp for the temperature at the inlet boundary.

E Welacity Inlet @

-

Zone Mame

| inlek-air

Momentum  Thermal | Radiation | Species| DPM | mMultiphase | uDs |

Temperature (k) | 210 | in_temp - |

| oK |Cancel| | Help |
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C.

d.

In the Thermal tab of the Velocity Inlet dialog box, select New Input Parameter... from the
drop-down list for the Temperature.

In the Input Parameter Properties dialog box, enter in_temp for the Name, and enter 310
for the Current Value.

Click OK to close the Input Parameter Properties dialog box.

Click OK to close the Velocity Inlet dialog box.

Set the turbulence parameters for backflow at the front outlets and foot outlets.

‘v'Boundary Conditions —» = outlet-front-mid - Edit...

E Pressure Cutlet @

Zone Mame

-

| ouklet-Front-rmid

Momentum | Thermal | Radiation | Species | DPM | Multiphase | UDs |

Gauge Pressure (pascal) | o ||:|:|n5tant - |

Backflow Direction Specification Method |N|:nrma| ko Boundary - |

F.adial Equilibriun Pressure Distribukion
Average Pressure Specification
Targek Mass Flow Fate

Turbulence
Specification Method | fheensity and Hydraulic Diameter - |
Backflow Turbulent Intensity (%) [g _
p
Backflow Hydraulic Diameter () | 0.044 D
p

| (04 | |Can|:e|| |He||:u |

In the Pressure Outlet dialog box, select Intensity and Hydraulic Diameter from the Specification
Method drop-down list in the Turbulence group box.

Retain the value of 5 for Backflow Turbulent Intensity (%).
Enter 0.044 for Backflow Hydraulic Diameter (m).

These values will only be used if reversed flow occurs at the outlets. It is a good idea to set reasonable
values to prevent adverse convergence behavior if backflow occurs during the calculation.

Click OK to close the Pressure Outlet dialog box.

Copy the boundary conditions from outlet-front-mid to the other front outlet.

‘+*Boundary Conditions — Copy...
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-

E Copy Conditions @

From Boundary Zone To Boundary Zones (2] Bl (=)
interior-fluid-central-unit | loutet-footdeft
interior-fluid-central-unit-fluid-evaparator e

interior-fluid-central-unit-fluid-heat-exchanger
interior-fluid-evaporator
interior-fluid-heat-exchanger

outlet-footeft

outlet-front-side-eft

outlet-windshield

m

nutlet-windshield

[Cnpy] [Clnse] [Help ]

i. Select outlet-front-mid in the From Boundary Zone selection list.
Scroll down, if necessary, to find outlet-front-mid.

ii. Select outlet-front-side-left in the To Boundary Zones selection list.

iii. Click Copy to copy the boundary conditions.

Fluent will display a dialog box asking you to confirm that you want to copy the boundary con-
ditions.

iv. Click OK to confirm.
v. Click Close to close the Copy Conditions dialog box.

f. In a similar manner, set the backflow turbulence conditions for outlet-foot-left using the values in
the following table:

Parameter Value

Specification Method Intensity and Hydraulic Diameter
Backflow Turbulent Intensity (%) |5
Backflow Hydraulic Diameter (m) [0.052

g. To see all of the input and output parameters that you have defined in ANSYS Fluent, in the
Boundary onditions task page, click the Parameters... button to open the Parameters dialog box.
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Figure 2.13: The Parameters Dialog Box in ANSYS Fluent

Ly

Parameters
Input Parameters Qutput Parameters
in_temp

These parameters are passed to ANSYS Fluent component system in ANSYS Workbench and are
available for editing in ANSYS Workbench (see Figure 2.14: The Parameters View in ANSYS
Workbench (p. 95)).

Figure 2.14: The Parameters View in ANSYS Workbench

Qutline of All Parameters * 1
A B C o
1 jix] Parameter Mame Value Unit
2 E InputParameters
3 =2 B Fluid Flow (FLUENT) (A1)
4 fp P1 hcpos 25
5 b P2 ftpos 25
& b r3 wafpos a0
7 b r7 in_velocity 0.5 ms*~-1 v
3 th P9 in_temp 310 K =
g b re input_hcpos 15
10 b P5 input_ftpos 25
11 T input_wsfpos 90
3 [}p Mew input parameter MNew name New expression
13 EH Output Parameters
* p:| Mew output parameter MNew expression
15 Charts

4. Define a heat source boundary condition for the evaporator volume.

+*Cell Zone Conditions

. = fluid-evaporator - Edit...
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rE Fluid

Zone Mame

| Fluid-gvaparakar

Material Mame | ;.

v| Edit...

Frame Mation
Mesh Mation

Laminar Zone || Source Terms
Fixed Yaluss

Parous Zone

Reference Frame | Mesh Mation | Porous Zone | Embedded LES | Reaction  Source Terms | Fixed Yalues | Multiphase |

s

Z Marmenturm | 0 sources

Turbulent Kinetic Energy | @ oS

Turbulent Dissipation Fate | @ oS

m

Energy | 1 source

| QK | |Can-:e|| |He||:| |

a.

b.

In the Fluid dialog box, enable Source Terms.

In the Source Terms tab, scroll down to Energy, and click the Edit... button.
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e.

f.

-

E Energy sources

[l

Mumnber of Energy sources | 1 (=]
(=)

Loiwfm3) 774016 constarik

v |

| Ik | |Cancel| |Hel|:u |

"

In the Energy sources dialog box, change the Number of Energy sources to 1.

For the new energy source, select constant from the drop-down list, and enter -787401.6
W/m3 — based on the evaporator load (200 W) divided by the evaporator volume (0.000254 m?>)

that was computed earlier.
Click OK to close the Energy Source dialog box.

Click OK to close the Fluid dialog box.

Set the Solution Methods

“*solution Methods

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information

of ANSYS, Inc. and its subsidiaries and dffiliates.

97



Parametric Analysis in ANSYS Workbench Using ANSYS Fluent

Solution Methods

Pressure-Velocity Coupling

Scheme
ICDupIed - J

Spatial Discretization

Gradient

ILeast Squares Cell Based - I
Pressure

|PRESTO! -| |
Mornentum 3
IFirst Crder Upiwind - I

Turbulent Kinetic Energy

IFirst Order Upwind - I
Turbulent Dissipation Rake

IFirst Crder Upiwind - I

Mon-Iterative Time Advancement
Frozen Flux: Formulation
[1Pseuda Transient

[1High Crder Term Relaxation Options. ..
Default

Help

a. Select Coupled in the Scheme drop-down list.
The pressure-based coupled solver is the recommended choice for general fluid flow simulations.

b. Select PRESTO! for Pressure and First Order Upwind for Momentum and Energy in the Spatial
Discretization group box.

This tutorial is primarily intended to demonstrate the use of parameterization and design points
when running Fluent from Workbench. Therefore, you will run a simplified analysis using first
order discretization which will yield faster convergence. These settings were chosen to speed up
solution time for this tutorial. Usually, for cases like this, we would recommend higher order
discretization settings to be set for all flow equations to ensure improved results accuracy.

6. Initialize the flow field.

*solution Initialization
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Solution Initialization

Initializakion Methods

(@) Hybrid Initialization
() Standard Initializakion

More Settings. .. ] [ Initialize

Patch...

Reset DPM Sources | | Resek Statistics

a. Retain the default selection of Hybrid Initialization.
b. Click the Initialize button.

7. Run the simulation in ANSYS Fluent.

+’Run Calculation

Run Calculation

[ Check Case...

=]
m
m
m
w

3

]

Mumber of Iterations Reporting Interval
| 1000 | 1

(W@

(]

=

Profile Update Interval

E S
(=

[ Data File Quantities. .

[ Calculate

a. For Number of Iterations, enter 1000.
b. Click the Calculate button.

The solution converges within approximately 60 iterations.
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Throughout the calculation, Fluent displays a warning in the console regarding reversed flow at the
outlets. This behavior is expected in this case since air is redirected to the outlets, creating small regions
of recirculation.

Note

The warning message can be switched off by setting the solve/set/flow-warnings
text user interface (TUl) command to no in the console.

8. Close Fluent.
File - Close Fluent
9. Save the project in ANSYS Workbench.

File —. Save

2.4.5.Postprocessing and Setting the Output Parameters in ANSYS CFD-Post

In this step, you will visualize the results of your CFD simulation using ANSYS CFD-Post. You will plot
vectors that are colored by pressure, velocity, and temperature, on a plane within the geometry. In ad-
dition, you will create output parameters within ANSYS CFD-Post for later use in ANSYS Workbench.

In the ANSYS Workbench Project Schematic, double-click the Results cell in the ANSYS Fluent fluid
flow analysis system to start CFD-Post. You can also right-click the Results cell to display the context
menu where you can select the Edit... option.

The CFD-Post application appears with the automotive HVAC geometry already loaded and displayed
in outline mode. Note that ANSYS Fluent results (that is, the case and data files) are also automatically
loaded into CFD-Post.
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Figure 2.15: The Automotive HVAC Geometry Loaded into CFD-Post
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1. Edit some basic settings in CFD-Post (for example, changing the background color to white).
Edit - Options...

a.

In the Options dialog box, select Viewer under CFD-Post in the tree view.

Release 15.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.

101



Parametric Analysis in ANSYS Workbench Using ANSYS Fluent

| Object Highlighting

Type Surface Mesh -

Pre-generate region highlight

Background

Mode | Colar - |

Color Type |50Iid = |

Colaor | | ‘:|

ANSYSLogo  |Black -]

Text Color

EJE]

Edge Color
| Axis Visibility
| Ruler Visibility

Stereo

Mode MNormal =

Ctarmn Efart  [Afaalor o T

(=L §

L)
I'!.
1]

:

lu]

m
m

Mote: The stereo Mode setting only takes effect the next time you run the
application,

For stereo viewing to work, you need to turn on 'Stereo’ in your graphic card,
have a display that supports stereo, and ensure that your view is set to
Perspective mode (Right-dick in viewer > Projection = Perspective].

b. Select Solid from the Color Type drop-down list.

c. Click the Color sample bar to cycle through common color swatches until it displays white.

Tip

You can also click the ellipsis icon _: |to bring up a color selector dialog box from
which you can choose an arbitrary color.

d. Click OK to set the white background color for the display and close the Options dialog box.
2. Adjust the color-map legend to show the numbers in floating format.

a. Double-click Default Legend View 1 in the tree view to display the Details view for the default
legend to be used for your plots.

b. In the Details view for Default Legend View 1, in the Definition tab, change the Title Mode
to Variable.
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Details of Default Legend Yiew 1

Definition Appearance

Title Mode ['u'arial:ule

Show Legend Units

@ ‘ertical I Harizonkal

Location

% Justfication | Left -]
¥ Justification | Top -
Pasition 0.0z 0.15

c. In the Appearance tab, set the Precision to 2 and Fixed.

Details of Default Legend Yiew 1

Sizing Parameters
Size 0.6
Aspect 0.07

Texk Parameters

Precision 2

Yalue Ticks 3

| |Fixed - ]

Fonk [Sans Serif

Calar Made [DEFauII:

Colour |

Text Rokakion 0O

Text Height n.024

d. Click Apply to set the display.

3. Plot vectors colored by pressure.

=1
a. From the main menu, select Insert — Vector or click Vector ®=2 in the ANSYS Workbench toolbar.

This displays the Insert Vector dialog box.

b. Keep the default name of Vector 1 by clicking OK.

c. In the Details view for Vector 1, under the Geometry tab, configure the following settings.
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Details of Yector 1

Geametry | Color | Symbiol | Render | Wig |

Domains [F'.II Domains v] []
Definikion

Locations [svmmetry central unit v] D
Sampling [Equally Spaced = ]

# of Paints 10000 =

Yariable "u'eln:n:it';.f v] D
Boundary Daka Hybrid @ Conservakive
Projection [Tangential - ]

i. Select All Domains from the Domains drop-down list.

ii. Select symmetry central unit from the Locations drop-down list.
iii. Select Equally Spaced from the Sampling drop-down list.

iv. Set the # of Points to 10000 .

v. Select Tangential from the Projection drop-down list.

d. In the Details view for Vector 1, under the Color tab, configure the following settings.

Details of Yector 1

Geomekry | Colar | Symbol | Render | Wi |

Mode ['u'arial:ule - ]
Yariable ’F'ressure - ] D
Fange [Gll:ul:ual - ]

Min urkrown

M uniknown
Boundary Daka Hybrid (@ Conservakive
Colar Scale [Linear = ]

Colar Map [DeFauIt [RLainbow) - ]

Undef, Color | | [E

i. Select Variable from the Mode drop-down list.
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ii. Select Pressure from the Variable drop-down list.

In the Details view for Vector 1, under the Symbol tab, configure the following settings.

Details of Yector 1

Geometry Colar Syl Render Yigw

Symbal Lire: Arrow -

Symbol Size 0.05

| Mormalize Svmbols

i. Setthe Symbol Size to 0.05 .

ii. Enable Normalize Symbols.

Click Apply.

Vector 1 appears under User Locations and Plots in the Outline tree view.

In the graphics display window, note that symmetry-central-unit shows the vectors colored by
pressure. Use the controls in CFD-Post to rotate the geometry (for example, clicking the dark blue
axis in the axis triad of the graphics window). Zoom into the view as shown in Figure 2.16: Vectors
Colored by Pressure (p. 106).

Note

To better visualize the vector display, you can deselect the Wireframe view option
under User Locations and Plots in the Outline tree view.
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Figure 2.16: Vectors Colored by Pressure
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4. Plot vectors colored by velocity.
a. In the Details view for Vector 1, under the Color tab, configure the following settings.
i. Select Velocity from the Variable drop-down list.
ii. Click Apply.

The velocity vector plot appears on the symmetry-central-unit symmetry plane.
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Figure 2.17: Vectors Colored by Velocity
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5. Plot vectors colored by temperature.

a. In the Details view for Vector 1, under the Color tab, configure the following settings.

Select Temperature from the Variable drop-down list.

Select User Specified from the Range drop-down list.

Enter 273 K for the Min temperature value.

Enter 310 K for the Max temperature value.

Click Apply.

The user-specified range is selected much narrower than the Global and Local ranges in order

to better show the variation.
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Figure 2.18: Vectors Colored by Temperature
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Note the orientation of the various valves and how they impact the flow field. Later in this tutorial, you
will change these valve angles to see how the flow field changes.

Create three surface groups.

Surface groups are collections of surface locations in CFD-Post. In this tutorial, several surface groups
are created in CFD-Post that will represent all of the outlets, all of the foot outlets, and all of the
front outlets. Once created, specific commands (or expressions) will be applied to these groups in
order to calculate a particular numerical value at that surface.

a. Create a surface group consisting of all outlets.
i. With the Outline tab open in the CFD-Post tree view, open the Insert Surface Group dialog box.

Insert — Location — Surface Group
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@ Insert Surface Group @

Mame alloutlets

Cancel

ii. Enter alloutlets for the Name of the surface group, and close the Insert Surface Group dialog
box.
iii. In the Details view for the alloutlets surface group, in the Geometry tab, click the ellipsis

icon _» | next to Locations to display the Location Selector dialog box.

i =

@ Location Selector @

4 Fluid Flow FLUENT
J% inlet air

P+ interior fluid central unit fluid evaporator fluid central unit

jI interior fluid central unit fluid evaporator fluid evaporator

P+ interior fluid central unit fluid heat exchanger fluid central unit
j$ interior fluid central unit fluid heat exchanger fluid heat exchanger
I+ outlet foot left

% outlet front mid

% outlet front side left

% ocutlet windshield

P+ symmetry central unit

jI symmeiry evaporator

jI symmetry heat exchanger

% wal central unit

I+ wal evaporator

% wal fipos

% wal hepos

% wal heat exchanger

% wallinlet flow diverter

Pt wal wsfpos

[ DK ] ’ Cancel ]
iv. In the Location Selector dialog box, select all of the outlet surfaces (outlet foot left ,
outlet front mid , outlet front side left , and outlet windshield ) and click

OK.
v. Click Apply in the Details view for the new surface group.
alloutlets appears under User Locations and Plots in the Outline tree view.

b. Create a surface group for the front outlets.
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Perform the same steps as described above to create a surface group called frontoutlets
with locations for the front outlets (outlet front mid and outlet front side left ).

7. Create expressions in CFD-Post and mark them as ANSYS Workbench output parameters.

In this tutorial, programmatic commands or expressions are written to obtain numerical values for
the mass flow rate from all outlets, as well as at the front outlets, windshield, and foot outlets. The
surface groups you defined earlier are used to write the expressions.

a. Create an expression for the mass flow from all outlets.

i. With the Expressions tab open in the CFD-Post tree view, open the Insert Expression dialog
box.

Insert - Expression

ii. Enter floutfront for the Name of the expression, and close the Insert Expression dialog box.

Details of floutfront

Definition | Plot | Evaluate |

-(massFlow @frontoutlets)*2

Value 40,000264112 [kg s~-1]

Apply Reset

iii. In the Details view for the new expression, enter the following in the Definition tab.

-(massFlow() @frontoutlets)*2

The sign convention for massFlow() is such that a positive value represents flow into the domain
and a negative value represents flow out of the domain. Since you are defining an expression for
outflow from the ducts, you use the negative of the massFlow() result in the definition of the
expression.

iv. Click Apply to obtain a Value for the expression.
Note the new addition in the list of expressions in the Expressions tab in CFD-Post.

In this case, there is a small net backflow into the front ducts.
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v. Right-click the new expression and select Use as Workbench Output Parameter from the context
menu. A small “P” with a right-pointing arrow appears on the expression’s icon.

b. Create an expression for the mass flow from the wind shield.

Perform the same steps as described above to create an expression called floutwindshield
with the following definition:

-(massFlow()@outlet windshield)*2

Right-click the new expression and select Use as Workbench Output Parameter from the context
menu.

c. Create an expression for the mass flow from the foot outlets.

Perform the same steps as described above to create an expression called floutfoot with the
following definition:

-(massFlow()@outlet foot left)*2

Right-click the new expression and select Use as Workbench Output Parameter from the context
menu.

d. Create an expression for the mass weighted average outlet temperature.

Perform the same steps as described above to create an expression called outlettemp  with
the following definition:

massFlowAveAbs(Temperature) @alloutlets

Right-click the new expression and select Use as Workbench Output Parameter from the context
menu.

8. Close ANSYS CFD-Post.
In the main menu, select File — Close CFD-POST to return to ANSYS Workbench.

9. In the Outline of All Parameters view, review the newly-added output parameters that you specified
in ANSYS CFD-Post and when finished, click the Project tab to return to the Project Schematic.

10. If any of the cells in the analysis system require attention, update the project by clicking the Update
Project button in the ANSYS Workbench toolbar.

11. Optionally, review the list of files generated by ANSYS Workbench. If the Files view is not open, select
View - Files from the main menu.

You will notice additional files associated with the latest solution as well as those generated by CFD-
Post.
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Figure 2.19: The Updated Project Loaded into ANSYS Workbench Displaying Parameter Outline,
Properties, and Files View
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12. Save the project in ANSYS Workbench.

In the main menu, select File — Save

Note

You can also select the Save Project option from the CFD-Post File menu.

2.4.6.Creating Additional Design Points in ANSYS Workbench

Parameters and design points are tools that allow you to analyze and explore a project by giving you
the ability to run optimization and what-if scenarios. Design points are based on sets of parameter
values. When you define input and output parameters in your ANSYS Workbench project, you are es-
sentially working with a design point. To perform optimization and what-if scenarios, you create multiple
design points based on your original project. In this step, you will create additional design points for
your project where you will be able to perform a comparison of your results by manipulating input
parameters (such as the angles of the various valves within the automotive HVAC geometry). ANSYS
Workbench provides a Table of Design Points to make creating and manipulating design points more
convenient.
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1. Open the Table of Design Points.

a.

In the Project Schematic, double-click the Parameter Set bus bar to open the Table of Design
Points view. If the table is not visible, select Table from the View menu in ANSYS Workbench.

View - Table

The table of design points initially contains the current project as a design point (DPO0),
along with its corresponding input and output parameter values.

Figure 2.20: Table of Design Points (with DPO)
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From this table, you can create new design points (or duplicate existing design points) and
edit them (by varying one or more input parameters) to create separate analyses for future
comparison of data.

2. Create a design point (DP1) by duplicating the current design point (DPO0).
a. Right click the Current design point and select Duplicate Design Point from the context menu.
The cells autofill with the values from the Current row.
b. Scroll over to the far right to expose the Exported column in the table of design points, and
select the check box in the row for the duplicated design point DP 1 (cell N4).
This allows the data from this new design point to be saved to a separate project for analysis.
c. Click OK to acknowledge the information message prompting you to update the design points
in order for the design points to be exported.
3. Create another design point (DP2) by duplicating the DP1 design point.
a. Right click the DP1 design point and select Duplicate Design Point from the context menu.
Since this is a duplicate of DP1, this design point will also have the ability to export its data
as well.
4. Edit values for the input parameters for DP1 and DP2.

For DP1 and DP2, edit the values for your input parameters within the Table of Design Points

as follows:

input_hcpos input_ftpos input_wsfpos in_velocity in_temp
DP1 |45 45 45 0.6 300
DP2 |90 60 15 0.7 290
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Figure 2.21: Table of Design Points (with DPO, DP1, and DP2 Defined)

A B = D E F G H
1 Kame = | Pl-hepos = | FZ-Fipos ™ | P3-wefpos = | PA-input hopos ™ | PS-input_fipos = | Pé-input wefpos ™ | FF-inevelocky ™ | P-intemp ™
4 itz . [ [ 51 LI -
3 Curment 5 ] o 15 25 1] 0.5 310
4 o1 5 45 45 45 45 45 0.6 300
] DF 2z 90 60 15 w0 60 5 07 o)
.

For demonstration purposes of this tutorial, in each design point, we are slightly changing the
angles of each of the valves, and increasing the inlet velocity and the inlet temperature. Later,
we will see how the results in each case varies.

Update all of your design points.

Click the Update all Design Points button in the ANSYS Workbench toolbar. Alternatively, you
can also select one or more design points, right-click, and select Update Selected Design
Points from the context menu. Click OK to acknowledge the information message notifying
you that some open editors may close during the update process. By updating the design
points, ANSYS Workbench takes the new values of the input parameters for each design point
and updates the components of the associated system (for example, the geometry, mesh, set-
tings, solution, and results), as well as any output parameters that have been defined.

Note

It may take significant time and/or computing resources to re-run the simulations
for each design point.

When the design points have been updated, note the addition of two more ANSYS Workbench
project files (and their corresponding folders) in your current working directory (fluent-
workbench-param_dpl.wbpj and fluent-workbench-param_dp2.wbpj) .You can
open each of these projects up separately and examine the results of each parameterized sim-
ulation. If you make any changes to the design point and update the design point, then an
additional ANSYS Workbench project is created (for example, fluent-workbench-
param_dpl_1.wbpj ).

Inspect the output parameter values in ANSYS Workbench.

Once all design points have been updated, you can use the table of design points to inspect
the values of the output parameters you created in CFD-Post (for example, the mass flow
parameters at the various outlets: floutfront , floutfoot , floutwindshield ,and
outlettemp ). These, and the rest of the output parameters are listed to the far right in the
table of design points.

Figure 2.22: Table of Design Points (Showing Output Parameters for DP0, DP1, and
DP2)
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7. Click the Project tab, just above the ANSYS Workbench toolbar to return to the Project Schematic.
8. View the list of files generated by ANSYS Workbench (optional).
View -, Files

The additional files for the new design points are stored with their respective project files since
you enabled the Exported option when setting them up.

9. Save the project in the current state in ANSYS Workbench.
In the main menu, select File - Save.
10. Quit ANSYS Workbench.

In the main menu, select File — Exit.

2.4.7.Postprocessing the New Design Points in CFD-Post

In this step, you will open the ANSYS Workbench project for each of the design points and inspect the
vector plots based on the new results of the simulations.

1. Study the results of the first design point (DP1).
a. Open the ANSYS Workbench project for the first design point (DP1).

In your current working folder, double-click the fluent-workbench-param_dp1.wbpj
file to open ANSYS Workbench.

b. Open CFD-Post by double-clicking the Results cell in the Project Schematic for the Fluid Flow
(Fluent) analysis system.

c. View the vector plot colored by temperature. Ensure that Range in the Color tab is set to User
Specified and the Min and Max temperature values are set to 273 K and 310 K, respectively.
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Figure 2.23: Vectors Colored by Temperature (DP1)
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Figure 2.24: Vectors Colored by Pressure (DP1)
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e. View the vector plot colored by velocity. Ensure that Range in the Color tab is set to Global.
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Figure 2.25: Vectors Colored by Velocity (DP1)
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f.  When you are finished viewing results of the design point DP1 in ANSYS CFD-Post, select File
— Close CFD-Post to quit ANSYS CFD-Post and return to the ANSYS Workbench Project
Schematic, and then select File — Exit to exit from ANSYS Workbench.

2. Study the results of the second design point (DP2).
a. Open the ANSYS Workbench project for the second design point (DP2).

In your current working folder, double-click the fluent-workbench-param_dp2.wbpj
file to open ANSYS Workbench.

b. Open CFD-Post by double-clicking the Results cell in the Project Schematic for the Fluid Flow
(Fluent) analysis system.
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c. View the vector plot colored by temperature. Ensure that Range in the Color tab is set to User

Specified and the Min and Max temperature values are set and the Min and Max temperature

values are set to 273 K and 310 K , respectively.

Figure 2.26: Vectors Colored by Temperature (DP2)
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d. View the vector plot colored by pressure. Ensure that Range in the Color tab is set to Global.
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Figure 2.27: Vectors Colored by Pressure (DP2)
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e. View the vector plot colored by velocity. Ensure that Range in the Color tab is set to Global.
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Figure 2.28: Vectors Colored by Velocity (DP2)
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3. When you are finished viewing results in ANSYS CFD-Post, select File — Close CFD-Post to quit

ANSYS CFD-Post and return to the ANSYS Workbench Project Schematic, and then select File -
Exit to exit from ANSYS Workbench.

2.4.8.Summary

In this tutorial, input and output parameters were created within ANSYS Workbench, ANSYS Fluent, and
ANSYS CFD-Post in order to study the airflow in an automotive HVAC system. ANSYS Fluent was used
to calculate the fluid flow throughout the geometry using the computational mesh, and ANSYS CFD-
Post was used to analyze the results. ANSYS Workbench was used to create additional design points
based on the original settings, and the corresponding simulations were run to create separate projects
where parameterized analysis could be performed to study the effects of variable angles of the inlet
valves, velocities, and temperatures. Also, note that simplified solution settings were used in this tutorial

to speed up the solution time. For more improved solution accuracy, you would typically use denser
mesh and higher order discretization for all flow equations.
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Chapter 3:Introduction to Using ANSYS Fluent: Fluid Flow and Heat
Transfer in a Mixing Elbow

This tutorial is divided into the following sections:

3.1.Introduction
3.2.Prerequisites
3.3.Problem Description
3.4.Setup and Solution
3.5.Summary

3.1.Introduction

This tutorial illustrates the setup and solution of a three-dimensional turbulent fluid flow and heat
transfer problem in a mixing elbow. The mixing elbow configuration is encountered in piping systems
in power plants and process industries. It is often important to predict the flow field and temperature
field in the area of the mixing region in order to properly design the junction.

This tutorial demonstrates how to do the following:

Launch ANSYS Fluent.
Read an existing mesh file into ANSYS Fluent.

Use mixed units to define the geometry and fluid properties.

+ Set material properties and boundary conditions for a turbulent forced-convection problem.

+ Set up a surface monitor and use it as a convergence criterion.

Calculate a solution using the pressure-based solver.
Visually examine the flow and temperature fields using the postprocessing tools available in ANSYS Fluent.
Change the solver method to coupled in order to increase the convergence speed.

Adapt the mesh based on the temperature gradient to further improve the prediction of the temperature
field.

3.2.Prerequisites

This tutorial assumes that you have little or no experience with ANSYS Fluent, and so each step will be
explicitly described.

3.3.Problem Description

The problem to be considered is shown schematically in Figure 3.1: Problem Specification (p. 124). A
cold fluid at 20° C flows into the pipe through a large inlet, and mixes with a warmer fluid at 40° C that
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enters through a smaller inlet located at the elbow. The pipe dimensions are in inches and the fluid
properties and boundary conditions are given in Sl units. The Reynolds number for the flow at the larger
inlet is 50,800, so a turbulent flow model will be required.

Note

Since the geometry of the mixing elbow is symmetric, only half of the elbow must be modeled
in ANSYS Fluent.

Figure 3.1: Problem Specification
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3.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
3.4.1.Preparation
3.4.2.Launching ANSYS Fluent
3.4.3.Reading the Mesh
3.4.4.General Settings
3.4.5.Models
3.4.6. Materials
3.4.7.Cell Zone Conditions
3.4.8.Boundary Conditions
3.4.9.Solution
3.4.10. Displaying the Preliminary Solution
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3.4.11.Using the Coupled Solver
3.4.12. Adapting the Mesh

3.4.1.Preparation

1. Set up a working folder on the computer you will be using.

2. Go to the ANSYS Customer Portal, https://support.ansys.com/training.

Note

If you do not have a login, you can request one by clicking Customer Registration on
the log in page.

3. Enter the name of this tutorial into the search bar.
4. Narrow the results by using the filter on the left side of the page.
a. Click ANSYS Fluent under Product.

b. Click 15.0 under Version.

5. Select this tutorial from the list.
6. Click Files to download the input and solution files.

7. Unzip the introduction_R150.zip file you downloaded to your working directory. This file contains
a folder, introduction , that holds the file elbow.msh that you will use in this tutorial. The intro-
duction directory also contains a solution_files sub-folder that contains the solution files created
during the preparation of this tutorial.

Note

ANSYS Fluent tutorials are prepared using ANSYS Fluent on a Windows system. The screen
shots and graphic images in the tutorials may be slightly different than the appearance on
your system, depending on the operating system or graphics card.

3.4.2.Launching ANSYS Fluent

1. Open the Fluent Launcher by clicking the Windows Start menu, then selecting Fluent 15.0 in the Fluid
Dynamics sub-menu of the ANSYS 15.0 program group.

The Fluent Launcher allows you to decide which version of ANSYS Fluent you will use, based on
your geometry and on your processing capabilities.

Start — All Programs — ANSYS 15.0 - Fluid Dynamics — Fluent 15.0

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 125


https://support.ansys.com/training

Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow

& Fluent Launcher E'@
ANSYS Fluent Launcher

Dirmenzian Options
20 Double Precizion
@ 3D b ezhing Mode
Dizplay Optionz Froceszsing Options
J| Dizplay Mesh After Reading @ Senal
V| Embed Graphics “Windows Parallel

V| Wwiarkbench Calar Scheme

(4] Show Mare Optians

[ 0k ] | Drefault | | Cancel | | Help =

2. Ensure that the proper options are enabled.
a. Select 3D from the Dimension list by clicking the radio button or the text.
b. Select Serial from the Processing Options list.

¢. Enable the Display Mesh After Reading, Embed Graphics Windows, and Workbench Color Scheme
options.

Note

An option is enabled when there is a check mark in the check box, and disabled when
the check box is empty. To change an option from disabled to enabled (or vice versa),
click the check box or the text.

d. Ensure that the Double-Precision option is disabled.

Note

Fluent will retain your preferences for future sessions.

Extra

You can also restore the default settings by clicking the Default button.

3. Set the working path to the directory created when you unzipped introduction_R150.zip
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a. Click the Show More Options button to reveal additional options.

b. Enter the path to your working directory for Working Directory by double-clicking the text box and
typing.

~u

Alternatively, you can click the browse button (=) next to the Working Directory text box
and browse to the directory, using the Browse For Folder dialog box.

E] Fluent Launcher EI@
ANS S Fluent Launcher
Dimengzion Optiong
2D Double Precision
@ 3D
Processing Optiohs
Diizplay Options @ Serial
/| Dizplay Mesh Alter Reading Farallel

| Embed Graphics ‘Windows
V| Workbench Color Scheme

[=) Show Fewer Options

General Optionz Faralle] Settings | Scheduler, | E rwironrment
Werzion
P [+] [ PrasPost Only

Working Directon

C:ATutorialzhintroduction E 3
Fluent Foat Path -
CAPROGRA™1AANSYSI 14wt uent ERERE
[] Use Joumnal File

OF. l | Ciefault | | LCancel | | Help =

4. Click OK to launch ANSYS Fluent.
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Fle Mish Defne  Sobe  ddept Sudece Onply  Aepord  Porsllel  Veew  Heip
Erd-@e E e &m0

elmg General
Hesh Cerrabon Maazh
— - I Chedk | Fomat: Cuasbity |
Macri | [Demplay
Materals
Fhasss Gihpnr
Coll Toma Conditorn
Baurdary Conditorn n_"“ -
Mash Eniesfiaces O Derwty-Baed ) Aelabew

Aeference ks

Soabon ke bodt o Tranment
Saiubion Corfiral

Sckbon trtakuabon
ek dation Actriben -

(Graphuce snd Ameeiors

Welcome bto AHIYS Fleent EX_L.K

Copyright 205X AMSYS, [nc.. B11 Rights Resereed.

Unawthorized use, distribution or deplicatios is prosibited.

This product is subject to W.5. laws gowerning export and Fe-cxport.
For Full Legal Metice, ser documentation.

3.4.3.Reading the Mesh

1. Read the mesh file elbow.msh .
File - Read - Mesh...

Select Read from the File menu, then select Mesh... to open the Select File dialog box.
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-

Y Select File ==
Look in: introduction - @7 @
= elbow.msh
ey
Recent Places
Desktop
=l
Libraries
Computer
“
Metwork
Mesh File elbow msh -
Files of type: Mesh Files v | Cancel |
| Display Mesh After Reading
a. Select the mesh file by clicking elbow.msh in the introduction directory created when you

unzipped the original file.
b. Click OK to read the file and close the Select File dialog box.

As the mesh file is read by ANSYS Fluent, messages will appear in the console reporting the progress
of the conversion. ANSYS Fluent will report that 13,852 hexahedral fluid cells have been read, along
with a number of boundary faces with different zone identifiers.

After having completed reading mesh, ANSYS Fluent displays the mesh in the graphics window.

Extra

You can use the mouse to probe for mesh information in the graphics window. If you
click the right mouse button with the pointer on any node in the mesh, information
about the associated zone will be displayed in the console, including the name of the
zone.

Alternatively, you can click the probe button (Z) in the graphics toolbar and click the
left mouse button on any node. This feature is especially useful when you have several
zones of the same type and you want to distinguish between them quickly.
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For this 3D problem, you can make it easier to probe particular nodes by changing the
view. The following table describes how to manipulate objects in the graphics window:

Table 3.1: View Manipulation Instructions

Action Using Graphics Toolbar Buttons and the Mouse
Rotate view -
(vertical, hori- After clicking the Rotate icon, | ~*/), press and hold the left mouse button
zontal) ' and drag the mouse. Dragging side to side rotates the view about the

vertical axis, and dragging up and down rotates the view about the hori-
zontal axis.

Translate or

+
pan view After clicking the Pan icon, %', press and hold the left mouse button and

drag the object with the mouse until the view is satisfactory.

Zoom in and After clicking the Zoom in/Out icon, @, press and hold the left mouse

f vi . )
out of view button and drag the mouse up and down to zoom in and out of the view.
Zoom to se- - .

After clicking the Zoom to Area icon, &l press and hold the left mouse
lected area

button and drag the mouse diagonally to the right. This action will cause
a rectangle to appear in the display. When you release the mouse button,
a new view will be displayed that consists entirely of the contents of the
rectangle. Note that to zoom in, you must drag the mouse to the right,
and to zoom out, you must drag the mouse to the left.

Clicking the Fit to Window icon, , will cause the object to fit exactly and be centered
in the window.

After you have clicked a button in the graphics toolbar, you can return to the default

[l
mouse button settings by clicking =",

2. Manipulate the mesh display using the Views dialog box to obtain a front view as shown in Figure 3.2: The
Hexahedral Mesh for the Mixing Elbow (p. 132).

Select Graphics and Animations in the navigation pane, then click Views... in the Graphics and
Animations task page.

*v"Graphics and Animations - Views...
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y =

2 views =

e e Mirror Planes (=] (5] =]
[ﬂ] ymmetry
[ Define Flane... ]
Bendes Periodic Repeats
Save Mame [L]
| front efine...

[ Apply ] [Camera...] [ Close ] [ Help ]

a. Select front from the Views selection list.

Note

A list item is selected if it is highlighted, and deselected if it is not highlighted.

b. Click Apply and close the Views dialog box.
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Figure 3.2: The Hexahedral Mesh for the Mixing Elbow

kesh
AMNSYS Fluent (3d, pbns, lam)

Extra

You can also change the orientation of the objects in the graphics window using the

&
axis triad E‘)\Q( as follows:

+ Left-click an axis to point it in the positive direction.
+ Right-click an axis to point it in the negative direction.

» Left-click the iso-ball to set the isometric view.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
132 of ANSYS, Inc. and its subsidiaries and affiliates.



Setup and Solution

3.4.4.General Settings

Select General in the navigation pane to perform the mesh-related activities and to choose a solver.

Meshing General
Mesh Generation Mesh
Solution Setu
olution Setup [ Scale... ][ Check ][F‘.EportQuality]
General
Maodels
Materials
Phases Solver
Cell Zone C':""di?jf:""s Type Velocity Formulation
Boundary Conditions @ Pressure-Based (@ Absolute
Mesh Interfaces " Density-Based " Relative
Diynamic Mesh
Reference Values
Time
Salution @) Steady
Solution Methods _/ Transient

Solution Controls

Manitors |:| Gravity

Solution Initizlization
Calculation Activities

Run Calculation

Results

Graphics and Animations
Plots
Reports

1. Check the mesh.

e
+*General - Check

ANSYS Fluent will report the results of the mesh check in the console.

Domain Extents:
x-coordinate: min (m) = -8.000000e+000, max (m) = 8.000000e+000
y-coordinate: min (m) = -9.134633e+000, max (m) = 8.000000e+000
z-coordinate: min (m) = 0.000000e+000, max (m) = 2.000000e+000
Volume statistics:
minimum volume (m3): 5.098270e-004
maximum volume (m3): 2.330737e-002
total volume (m3): 1.607154e+002
Face area statistics:
minimum face area (m2): 4.865882e-003
maximum face area (m2): 1.017924e-001
Checking mesh...........ccccoee.
Done.

The mesh check will list the minimum and maximum x and y values from the mesh in the default
SI unit of meters. It will also report a number of other mesh features that are checked. Any errors

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 133



Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow

in the mesh will be reported at this time. Ensure that the minimum volume is not negative, since
ANSYS Fluent cannot begin a calculation when this is the case.

Note

The minimum and maximum values may vary slightly when running on different platforms.

2. Scale the mesh.

.
“*General - Scale...

E Scale Mesh @
Domain Extents Scaling
¥min {in) | A ¥max (in) |8 @) Convert Units
Spedfy Scaling Factors
¥min (in) | §.134533 ¥nanx {in) |8 i'~"|esh Was Created In
ir

Zmin (in) ||:| Zmanx (in) | 7

0.0254

View Length Unit In

|i|‘| -

0.0254

0.0254

1111

| Scale || Unscale |

Clusel Help |

a. Ensure that Convert Units is selected in the Scaling group box.

b. Select in from the Mesh Was Created In drop-down list by first clicking the down-arrow button and
then clicking the in item from the list that appears.

c. Click Scale to scale the mesh.

Warning

Be sure to click the Scale button only once.

Domain Extents will continue to be reported in the default SI unit of meters.
d. Select in from the View Length Unit In drop-down list to set inches as the working unit for length.
e. Confirm that the domain extents are as shown in the dialog box above.

f. Close the Scale Mesh dialog box.
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The mesh is now sized correctly and the working unit for length has been set to inches.

Note

Because the default SI units will be used for everything except length, there is no need
to change any other units in this problem. The choice of inches for the unit of length has
been made by the actions you have just taken. If you want a different working unit for
length, other than inches (for example, millimeters), click Units... in the General task
page and make the appropriate change, in the Set Units dialog box.

3. Check the mesh.

“*General - Check

Note

It is a good idea to check the mesh after you manipulate it (that is, scale, convert to
polyhedra, merge, separate, fuse, add zones, or smooth and swap). This will ensure that
the quality of the mesh has not been compromised.

4. Retain the default settings of pressure-based steady-state solver in the Solver group box of the General
task page.

3.4.5. Models

Models

Models

Multi_:hase - Off

Energy - Off

Viscous - Laminar

Radiation - Off

Heat Exchanger - Off
Spedes - Off

Discrete Phase - Off
Solidification & Melting - Off
Arcoustics - Off

Eulerian Wall Film - Off

1. Enable heat transfer by activating the energy equation.
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re
“*Models -

E Energy @

Energy

Energy - Edit...

-

| Energy Equation

| oK | |Cance|| | Help |

a. Enable the Energy Equation option.

b. Click OK to close the Energy dialog box.

2. Enable the k- ¢ turbulence model.

“*Models - Viscous - Edit...
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E Viscous Model @
Model Model Constants
) Inviscd Cru i
) Laminar | 0.09
" Spalart-Allmaras (1 eqn)
@) k-epsilon (2 eqn) C1-Epsilon =
" k-omeaqa (2 eqn) | 44
" Transition k4d-omega (3 eqgn) | '
" Transition 55T (4 eqn) C2-Epsilon
| Reynolds Stress (7 egn) 1,92
) Scale-Adaptive Simulation (SAS) | '
") Detached Eddy Simulation (DES) TKE Prandt Number
" Large Eddy Simulation (LES) | .
k-epsilon Model i

@ Standard
I RNG
_ | Realizable

Mear-Wall Treatment

! Standard Wall Functions

" Scalable Wall Functions

~ Mon-Equilibrium Wall Functions
@ Enhanced Wall Treatment

) User-Defined Wall Functions

Enhanced Wall Treatment Options

[] Pressure Gradient Effects
[] Thermal Effects

Options

|:| Viscous Heating

|:| Curvature Correction

[ Production Kato-Launder
[ Production Limiter

User-Defined Functions

Turbulent Viscosity

IHDHE

Prandt Mumbers

TKE Prandt Mumber

IHDHE

TOR. Prandt Mumber

IHDHE

Energy Prandt Mumber

IHDHE

I Ok I [Cancel] IHEIp I

m

a. Select k-epsilon from the Model list.

The Viscous Model dialog box will expand.

b. Retain the default selection of Standard in the k-epsilon Model group box.

Select Enhanced Wall Treatment in the Near-Wall Treatment group box.

Note

The default Standard Wall Functions are generally applicable if the first cell center
adjacent to the wall has a y+ larger than 30. In contrast, the Enhanced Wall Treatment
option provides consistent solutions for all y+ values. Enhanced Wall Treatment is
recommended when using the k-epsilon model for general single-phase fluid flow
problems. For more information about Near Wall Treatments in the k-epsilon model

refer to Setting Up the k-¢ Model in the User’s Guide.
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d. Click OK to accept all the other default settings and close the Viscous Model dialog box.
3.4.6. Materials

Materials

Materials
air

Solid
alurminum

Create/Edit. .. Delete

1. Create a new material called water.

“*Materials - EfFluid - Create/Edit...
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Create/Edit Materials
Hame Material Tyne Order Materials by
|water Iﬂu’d '] @ Name
) : () Chemical Formula
LELEL L Fluent Fluid Materials
| == __| [ Fluent Database... ]
HEskure User-Defined Databass... |
[pleq
Propertes
. -
Density (kg/m3) |c|:u151ant vl Edit... |
1000
Cp (Specific Heat) (ifkgX) |mnstant -r] Edi |
4216
Thermal Conductivity (w/m) Imnsiant v] Edi |
0.677
Viscosity (kg/fm-=) [constant x| Edit.. |
0.0008 3
[Changefcreate| | Delete | [[7TClbse T | Heb

a. Type water for Name.

b. Enter the following values in the Properties group box:

Property Value

Density 1000 kg/m’

Cp 4216 J/kg—-K
Thermal Conductivity 0.677 W/m—-K
Viscosity 8e-04 kg/m-—s

c. Click Change/Create.

A Question dialog box will open, asking if you want to overwrite air. Click No so that the new mater-
ial water is added to the list of materials that originally contained only air.
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s )

Cuestion @

[9] Change/Create mixture and Overwrite air?

| Yes | | Mo

Extra

You could have copied the material water-liquid (h2o<I>) from the materials database
(accessed by clicking the Fluent Database... button). If the properties in the database
are different from those you want to use, you can edit the values in the Properties
group box in the Create/Edit Materials dialog box and click Change/Create to update
your local copy. The original copy will not be affected.

d. Ensure that there are now two materials (water and air) defined locally by examining the Fluent
Fluid Materials drop-down list.

Both the materials will also be listed under Fluid in the Materials task page.

e. Close the Create/Edit Materials dialog box.
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3.4.7.Cell Zone Conditions

Cell Zone Conditions

Zone

fud

Phase Type D
mixture [ﬂuid v] 2
[ Edit. .. ] [ Copy... ][Pruﬁles... ]
[ Parameters... ] [Dperaﬁng Cundiﬁuns...]

Porous Formulation
(@ Superficial Velodty
Physical Velocity

1. Set the cell zone conditions for the fluid zone (fluid).

+*Cell Zone Conditions — = fluid - Edit...
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& Fluid =]

Zone Mame
| fiuid

Material Mame [water - ] Edit...

[ Frame Motion [ |Laminar Zone || Source Terms
[] Mesh Motion [| Fised Values
|:| Porous Zone

Reference Frame | Mesh Motion | Porous Zone | Embedded LES | Reaction | Source Terms | Fixed Values | Multiphase |

o

Rotation-Axis Origin Rotation-Axis Direction

X0n) g [mnsmnt v] X[ [mnsmnt v]
Yn) [ [mnsmnt v] LA [mnsmnt v]
Z(n) [ [mnsmnt v] Z[4 [mnsmnt v]

[ oK | [Cancel] [Help ]

a. Select water from the Material Name drop-down list.

b. Click OK to close the Fluid dialog box.
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3.4.8.Boundary Conditions

Boundary Conditions

Zone
default-nterior
pressure-outiet-7
symmetr
velodty-nlet-5
velocity-inlet-6
wall
Type 1D
mixture [uelm:ity'-inlet v] 7
[ Edit. .. ] [ Copy... ][Pruﬁles... ]
[ Parameters... ] [Dperaﬁng Cundiﬁuns...]

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

[] Highlight Zone

1. Set the boundary conditions at the cold inlet (velocity-inlet-5).

‘v"Boundary Conditions - = velocity-inlet-5 - Edit...

Tip

If you are unsure of which inlet zone corresponds to the cold inlet, you can probe
the mesh display using the right mouse button or the probe toolbar button (&9’) as
described previously in this tutorial. The information will be displayed in the ANSYS

Fluent console, and the zone you probed will be automatically selected from the
Zone selection list in the Boundary Conditions task page.
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B Velocity Inlet ==

Zone Mame

| velocity-nlet-5

Momentum | Thermal | Radiation | Spedes | DPM | Multiphase | DS |

Velodty Spedification Method [Cumpﬂnents "]
Reference Frame [.ﬁ.bsulute "]
Supersonicy/Initial Gauge Pressure {pascal) | 0 [mngmnt v]
Coordinate System [Cartesian X, ¥, 2) "]
X-Velocity (m/s) |,:,.4 | constant -
Y-Velodity (m/s) E | constant v
Z-Veloity (m/s) E | constant v
Turbulence
Spedification Method [Intensity and Hydraulic Diameter "]
Turbulent Intensity (%) [ g [E]
Hydraulic Diameter {in) | 4 @

[ oK | [Cancel] [Help ]

a. Select Components from the Velocity Specification Method drop-down list.
The Velocity Inlet dialog box will expand.

b. Enter 0.4 m/s for X-Velocity.

c. Retain the default value of 0 m/s for both Y-Velocity and Z-Velocity.

d. Select Intensity and Hydraulic Diameter from the Specification Method drop-down list in the
Turbulence group box.

e. Retain the default value of 5 % for Turbulent Intensity.
f. Enter 4 inches for Hydraulic Diameter.
The hydraulic diameter Dy, is defined as:

44
Dh:_
Pw

where A is the cross-sectional area and P,, is the wetted perimeter.
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g. Click the Thermal tab.

-

B velocity Inlet ==

Zone Mame

| velocity-inlet-5

Momentum Thermal | Raciation | Species| DPM | Multiphase | UDS |

Temperature () [ 593,15 | constant -|

| oK |Canr_el| | Help |

h. Enter 293.15 K for Temperature.
i. Click OK to close the Velocity Inlet dialog box.

2. In a similar manner, set the boundary conditions at the hot inlet (velocity-inlet-6), using the values in
the following table:

1'v"’Boundary Conditions - = velocity-inlet-6 - Edit...

Velocity Specification Components

Method

X-Velocity 0 m/s

Y-Velocity 1.2 m/s

Z-Velocity 0 m/s

Specification Method Intensity and Hydraulic Diameter
Turbulent Intensity 5%

Hydraulic Diameter 1 inch

Temperature 313.15 K
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3. Set the boundary conditions at the outlet (pressure-outlet-7), as shown in the Pressure Outlet dialog
box.

‘+'Boundary Conditions — = pressure-outlet-7 _ Edit...

’E Pressure Cutlet @

Zone Mame

| pressure-outlet-7

Mormentum | Thermal | Radiation | Spedes | DPM | Multiphase | D5 |

Gauge Pressure (pascal) ||:, Imnstant ,,I

Badkflow Direction Spedfication Method INurmaI to Boundary ,I

["| Radial Equilibrium Pressure Distribution
|:| Average Pressure Specification
[ Target Mass Flow Rate

Turbulence
Spedification Method Intensity and Hydraulic Diameter TI
Backflow Turbulent Intensity (%) [g _
p
Badkflow Hydraulic Diameter (in) |4 _
(3]
| oK | ICanr_EII I Help J
Note

ANSYS Fluent will use the backflow conditions only if the fluid is flowing into the compu-
tational domain through the outlet. Since backflow might occur at some point during
the solution procedure, you should set reasonable backflow conditions to prevent con-
vergence from being adversely affected.

4. For the wall of the pipe (wall), retain the default value of O W/m2 for Heat Flux in the Thermal tab.

1'v"Boundary Conditions — = wall - Edit...
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= wall e

Zone Mame

wall

Adjacent Cell Zone
fluid

Momentum Thermal | Radiation | Speces | DPM | Multiphass | UDS | wall Bim |

Thermal Conditions
@ Heat Flux Heat Fiue (w/m2) | 0 [ECI'151EI'It v]
_) Temperature )
Convection Wall Thidmess (jn) | 0 8
Radiation
) Mixed Heat Generation Rate (w/jm3) | a [cmsﬁmt ,,]
via System Coupling
Shell Conduction
Material MName

aluminum vl Edit... |

0K [Cancel] [ He |

3.4.9.Solution

In the steps that follow, you will set up and run the calculation using the task pages listed under the Solution
heading in the navigation pane.

1. Select a solver scheme.

*solution Methods

Leave the Scheme at the default SIMPLE for this calculation.
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Solution Methods

Pressure-Velocty Coupling

Scheme

|SIMPLE - |
Spatial Discretization

Gradient md

[Least Squares Cell Based v]

Pressure

[Semnd Order - ] A

Momentum 3

’Semnd Order Upwind - ]

Turbulent Kinetic Energy

[First Order Upwind v] E_

Turbulent Dissipation Rate

’First Order Upwind v] il

Transient Faormulation

Mon-Iterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

[ High Qrder Term Relaxation

2. Enable the plotting of residuals during the calculation.

re =
+"Monitors —

Residuals - Edit...
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E Residual Monitors @
Options Equations
Print to Console Residual Maonitor Check Convergence Absolute Criteria = =

Flat continuity 0.001
Window - ’W 0.001
| L = [Curues

][ Axes... ]

y-velodty 7 0.001
Iterations to Plot £

m

i

1000 = z-velocity 0.001
Residual Values Convergence Criterion
Iterations to Store [] Mormalize [absulute v]
1000 (a) -
= : =
Scale

[] cCompute Local Scale

Ok ] [ Plot ] [Renurmalize] [ Cancel ] [ Help

a. Ensure that Plot is enabled in the Options group box.

b. Leave the Absolute Criteria of continuity at the default level of 0.001 as shown in the Residual
Monitors dialog box.

c. Click OK to close the Residual Monitors dialog box.

Note

By default, all variables will be monitored and checked by ANSYS Fluent as a means to
determine the convergence of the solution. It is a good practice to also define a surface
monitor that can help evaluate whether the solution is truly converged. You will do this
in the next step.

3. Define a surface monitor of average temperature at the outlet (pressure-outlet-7).

Y

*’Monitors _ Create... (Surface Monitors)
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E Surface Monitar

Marne

| outlet-temp-avg

Options

Print to Console
Plot

Window

|2 % [Curues...][ Axes...

Write

File Mame

Report Type

[MasanMEighted Average v]
Field Variable

[Temperamre. = - ]
[51311': Temperature - ]
Surfaces E [

default-interior
pressure-outlet-7
Eymmetry

welocty-inlet-5

| outlet-temp-ava.out

X Axis

welocity-nlet-a
wall

[Iteraﬁun

)

Get Data Every

| 3 % Iteration

Average Ower

[ Highlight Surfaces

| 1

[a]
® | [New surface » |

[ QK ] [Cancel] [Help ]

a. Enter outlet-temp-avg

for the Name of the surface monitor.

b. Enable the Plot and Write options for outlet-temp-avg.

c. Enter outlet-temp-avg.out for File Name.

d. Set Get Data Every to 3 by clicking the up-arrow button.

This setting instructs ANSYS Fluent to update the plot of the surface monitor and write data to

a file after every 3 iterations during the solution.

e. Select Mass-Weighted Average from the Report Type drop-down list.

f. Select Temperature... and Static Temperature from the Field Variable drop-down lists.

g. Select pressure-outlet-7 from the Surfaces selection list.

h. Click OK to save the surface monitor settings and close the Surface Monitor dialog box.

The name and report type of the surface monitor you created will be displayed in the Surface
Monitors selection list in the Monitors task page.

4. Set a convergence monitor for outlet-temp-avg.

e

+"Monitors - Convergence Manager...
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E Convergence Manager @

Active Monitor Mame Stop Criterion Initial Iteratons to Ignore Previous lterabons to Consider Average Owver Print

& |uu1|rt-ll:m-nu1; 1&-5 Pl :'i 15 :: 1 :
Choose Condition Every Iteration

- 3 [
@ All Conditions are Met [=
Any Condition is Met
| ox | |cancel| | Help

a. Activate the convergence criterion on outlet temperature by checking the Active box next to outlet-
temp-avg.

a. Enter 1e-5 for Stop Criterion.

b. Enter 20 for Initial Iterations to Ignore.

c. Enter 15 for Previous Iterations to Consider.

d. Enable Print.

e. Enter 3 for Every Iteration

f. Click OK to save the convergence monitor settings and close the Convergence Manager dialog box.

These settings will cause Fluent to consider the solution converged when the monitor value for

each of the previous 15 iterations is within 0.001% of the current value. Convergence of the monitor
values will be checked every 3 iterations. The first 20 iterations will be ignored allowing for any initial
solution dynamics to settle out. Note that the value printed to the console is the deviation between
the current and previous iteration values only.

Initialize the flow field.

*solution Initialization

Solution Initialization

Initialization Methods

@) Hybrid Initialization
~ Standard Initialization

More Settings... ] l Initialize

uuuuuuu

a. Leave the Initialization Method at the default Hybrid Initialization.
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b. Click Initialize.
6. Save the case file (elbowl.cas.gz ).

File — Write - Case...

B Select File ==

Look in: introduction ~ 0= aE-

Py

Recent Places

-
Desktop

= 1]
Librraries

A

=

Computer

7Y
Metwork
Case File elbow1.casgz -

Files of type: Case Files - |

| Write Binary Files

a. (optional) Indicate the directory in which you would like the file to be saved.

By default, the file will be saved in the directory from which you read in elbow.msh (that is,
the introduction directory). You can indicate a different directory by browsing to it or by
creating a new directory.

b. Enter elbowl.cas.gz  for Case File.

Adding the extension .gz to the end of the file name extension instructs ANSYS Fluent to save
the file in a compressed format. You do not have to include .cas in the extension (for example,
if you enter elbowl1.gz , ANSYS Fluent will automatically save the file as elbowl.cas.gz ).
The .gz extension can also be used to save data files in a compressed format.

c. Ensure that the default Write Binary Files option is enabled, so that a binary file will be written.
d. Click OK to save the case file and close the Select File dialog box.

7. Start the calculation by requesting 150 iterations.

FY
+’Run Calculation
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Run Calculation

T
m
m

T

I

]
]

| Check Case...

Mumber of Iterations Reparting Interval
| 150 | 1

4
1M

Profile Update Interval
| 1 (&)
(E.3

| Data File Quantities... | Acoustic Signals...

| Calculate |

Help

a. Enter 150 for Number of Iterations.

b. Click Calculate.

Note

By starting the calculation, you are also starting to save the surface monitor data at
the rate specified in the Surface monitors dialog box. If a file already exists in your
working directory with the name you specified in the Define Surface Monitor dialog
box, then a Question dialog box will open, asking if you would like to append the
new data to the existing file. Click No in the Question dialog box, and then click OK

in the Warning dialog box that follows to overwrite the existing file.

As the calculation progresses, the surface monitor history will be plotted in graphics window 2
(Figure 3.3: Convergence History of the Mass-Weighted Average Temperature (p. 154)).
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Figure 3.3: Convergence History of the Mass-Weighted Average Temperature
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Similarly, the residuals history will be plotted in window 1 in the background. You can display
the residuals history by selecting window 1 from the graphics window drop-down list (Fig-
ure 3.4: Residuals (p. 155)).
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Figure 3.4: Residuals
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Since the residual values vary slightly by platform, the plot that appears on your screen may not
be exactly the same as the one shown here.

The solution will be stopped by ANSYS Fluent when any of the following occur:

+ the surface monitor converges to within the tolerance specified in the Convergence Manager

dialog box

+ the residual monitors converge to within the tolerances specified in the Residual Monitors

dialog box

+ the number of iterations you requested in the Run Calculation task page has been reached

In this case, the solution is stopped when the convergence criterion on outlet temperature is
satisfied, after approximately 75 iterations. The exact number of iterations for convergence will
vary, depending on the platform being used. An Information dialog box will open to alert you
that the calculation is complete. Click OK in the Information dialog box to proceed.
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8. Examine the plots for convergence (Figure 3.3: Convergence History of the Mass-Weighted Average
Temperature (p. 154) and Figure 3.4: Residuals (p. 155)).

Note

There are no universal metrics for judging convergence. Residual definitions that are
useful for one class of problem are sometimes misleading for other classes of problems.
Therefore it is a good idea to judge convergence not only by examining residual levels,
but also by monitoring relevant integrated quantities and checking for mass and energy
balances.

There are three indicators that convergence has been reached:
+ The residuals have decreased to a sufficient degree.

The solution has converged when the Convergence Criterion for each variable has
been reached. The default criterion is that each residual will be reduced to a value of

less than 10 _3, except the energy residual, for which the default criterion is 1076,
« The solution no longer changes with more iterations.

Sometimes the residuals may not fall below the convergence criterion set in the case
setup. However, monitoring the representative flow variables through iterations may
show that the residuals have stagnated and do not change with further iterations. This
could also be considered as convergence.

+ The overall mass, momentum, energy, and scalar balances are obtained.

You can examine the overall mass, momentum, energy and scalar balances in the Flux
Reports dialog box. The net imbalance should be less than 0.2 % of the net flux through
the domain when the solution has converged. In the next step you will check to see

if the mass balance indicates convergence.

9. Examine the mass flux report for convergence.

1'v"’Reports — = Fluxes - Set Up...

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
156 of ANSYS, Inc. and its subsidiaries and affiliates.



Setup and Solution

E Flux Reports @

Options Boundaries =) (5] [=] Results
@) Mass Flow Rate default-nterior
() Total Heat Transfer Rate
(") Radiation Heat Transfer Rate

-1.9193115234375

1.617520928382874
0.3018066585063934

Boundary Types E] E] E]
xis -
whaust-fan

n
nlet-vent -

Boundary Mame Pattern

Match
I m p

[Save Qutput Parameter... ] Net Results (kg/s)
1.606345e-05
[Compute | [ Wirite... ] [ Close ] [ Help ]

a. Ensure that Mass Flow Rate is selected from the Options list.
b. Select pressure-outlet-7, velocity-inlet-5,and velocity-inlet-6 from the Boundaries selection list.
c. Click Compute.

The individual and net results of the computation will be displayed in the Results and Net Results
boxes, respectively, in the Flux Reports dialog box, as well as in the console.

The sum of the flux for the inlets should be very close to the sum of the flux for the outlets. The net
results show that the imbalance in this case is well below the 0.2 % criterion suggested previously.

d. Close the Flux Reports dialog box.
10. Save the data file (elbowl.dat.gz ).
File - Write - Data...

In later steps of this tutorial you will save additional case and data files with different suffixes.

3.4.10. Displaying the Preliminary Solution

In the steps that follow, you will visualize various aspects of the flow for the preliminary solution, using the
task pages listed under the Results heading in the navigation pane.

1. Display filled contours of velocity magnitude on the symmetry plane (Figure 3.5: Predicted Velocity Dis-
tribution after the Initial Calculation (p. 159)).

+*Graphics and Animations — = Contours — Set Up...
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" =

Contours @
Options Contours of
[ Filed |Velogity... m
Mode Yalues : :
Global Range [""'El"ﬂtﬂ" Magnitude ,]
Auto Range
Clip to Range | 0 | 0
[] Draw Profiles
[] Draw Mesh Surfaces E] E] E]
-~
Levels Setup
20 (=] [ (]
2 gt &

Surface Mame Pattern
Surface Types E] E]
s

Xis

ip-surf |
whaust-fan

n -

[Display'] [Cumpute] [ Close ] [ Help ]

a. Enable Filled in the Options group box.

b. Ensure that Node Values is enabled in the Options group box.

c. Select Velocity... and Velocity Magnitude from the Contours of drop-down lists.
d. Select symmetry from the Surfaces selection list.

e. Click Display to display the contours in the active graphics window. Clicking the Fit to Window icon,

, will cause the object to fit exactly and be centered in the window.

Extra

When you probe a point in the displayed domain with the right mouse button or the
probe tool, the level of the corresponding contour is highlighted in the colormap in the
graphics window, and is also reported in the console.
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Figure 3.5: Predicted Velocity Distribution after the Initial Calculation
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2. Display filled contours of temperature on the symmetry plane (Figure 3.6: Predicted Temperature Distri-
bution after the Initial Calculation (p. 161)).

+*Graphics and Animations — = Contours — Set Up...
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[ =

Contours @
Options Contours of
[¥] Filled [ﬂ'emperatJre... ,]
Mode Values -
Global Range [5131::: Temperature - ]
Auto Range Min Ma
Clip to Range | 0 | 0
[] Draw Profiles
[~] Draw Mesh Surfaces EEE
efault-nterior
Levels Setup
0 &
2 &

Surface Mame Pattern
Surface Types @ E]
-~

Xis

ip-surf |
whaust-fan

n -

[Display] [Cumpute] [ Close ] [ Help ]

a. Select Temperature... and Static Temperature from the Contours of drop-down lists.

b. Click Display and close the Contours dialog box.
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Figure 3.6: Predicted Temperature Distribution after the Initial Calculation
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3. Display velocity vectors on the symmetry plane (Figure 3.9: Magnified View of Resized Velocity Vec-
tors (p. 165)).

+*Graphics and Animations — = Vectors — Set Up...
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Vectors
Options Vectors of
Global Range ['u'elucity - ]
Aluto e Color by
Clip to Range )
Auto Scale "I.n'elunty. " - ]
[ Draw Mesh ['l.n'elm:ity Magnitude v]
Style ¥lin {m/s] Max (m/'s)
[arrow v] |'II. 1385844 1.41913
e 2t = Surfaces =E[E

+ 2

Vector Options...
Custom Vectors...

Surface Mame Pattern

T ) B

=

Surface Types E] E]
xis -~
ip-surf |:|
whaust-fan

n -

[Compute] [ Close ] [ Help ]

a. Select symmetry from the Surfaces selection list.

b. Click Display to plot the velocity vectors.
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Figure 3.7: Velocity Vectors Colored by Velocity Magnitude
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The Auto Scale option is enabled by default in the Options group box. This scaling sometimes
creates vectors that are too small or too large in the majority of the domain. You can improve
the clarity by adjusting the Scale and Skip settings, thereby changing the size and number of
the vectors when they are displayed.

c. Enter 4 for Scale.
d. Set Skip to 2.

e. Click Display again to redisplay the vectors.
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Figure 3.8: Resized Velocity Vectors
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f. Close the Vectors dialog box.
g. Zoom in on the vectors in the display.

To manipulate the image, refer to Table 3.1: View Manipulation Instructions (p. 130). The image will
be redisplayed at a higher magnification (Figure 3.9: Magnified View of Resized Velocity Vectors (p. 165)).
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Figure 3.9: Magnified View of Resized Velocity Vectors
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h. Zoom out to the original view.

You also have the option of selecting the original view in the Views dialog box:

‘v*Graphics and Animations - Views...

Select front from the Views selection list and click Apply, then close the Views dialog box.

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 165



Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow

- =

Views =
M Actions Mirror Planes (2] (€] (=]
[ﬂ] ymmetry

| Define Plane... |

[ Read... ] Peripdic Repeats
Save Mame

| front

[ Apply ] [Camera...] [ Close ] [ Help ]

4. Create a line at the centerline of the outlet. For this task, you will use the Surface command that is at
the top of the ANSYS Fluent window.

Surface - Iso-Surface...

F )

Iso-Surface @
Surface of Constant From Surface E] E] E]
[MESh- = - ] efault-interior
[E—Cuurdinate
Mim (in) Max (in) elodty-nlet-5
| 0 7 elodty-nlet-6
iall
Iso-Values (in)
| 0 From Zones =EE
o Lid
1 [ F

Mew Surface Name
| z=0_outlet

[ Create ] [Cumpute] [Manage...] [ Close ] [ Help

a. Select Mesh... and Z-Coordinate from the Surface of Constant drop-down lists.
b. Click Compute to obtain the extent of the mesh in the z direction.

The range of values in the z direction is displayed in the Min and Max boxes.
c. Retain the default value of O inches for Iso-Values.

d. Select pressure-outlet-7 from the From Surface selection list.
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e. Enter z=0_outlet for New Surface Name.
f. Click Create.

The new line surface representing the intersection of the plane z=0 and the surface pressure-
outlet-7 is created, and its name z=0_outlet is added to the From Surface list in the dialog box.

After the line surface z=0_outlet is created, a new entry will automatically be generated for New
Surface Name, in case you would like to create another surface.

g. Close the Iso-Surface dialog box.

5. Display and save an XY plot of the temperature profile across the centerline of the outlet for the initial
solution (Figure 3.10: Outlet Temperature Profile for the Initial Solution (p. 168)).

+*Plots . = XY Plot - Set Up...

& solution XY Plat ==
Options Plot Direction ¥ Axis Function
Mode Values X[ [Temperamre. . = ]
Position on X Axis :
Position on Y Axis T ISEUCTE"'F'EEUJ’E ']

[ wirite to File ¥ Axis Function

i]
Order Points Z 0 [Directiun Vector - ]

FleData  (X[EE A =EE

default-nterior
pressure-outlet-7

Load File... |

[ Plot | [.ﬁ.xes... ] [Curues...] [ Cloze ] [ Help

a. Select Temperature... and Static Temperature from the Y Axis Function drop-down lists.
b. Select the z=0_outlet surface you just created from the Surfaces selection list.
c. Click Plot.
d. Enable Write to File in the Options group box.
The button that was originally labeled Plot will change to Write....
e. Click Write... to open the Select File dialog box.
i. Enter outlet_templ.xy for XY File.

ii. Click OK to save the temperature data and close the Select File dialog box.
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f. Close the Solution XY Plot dialog box.

Figure 3.10: Outlet Temperature Profile for the Initial Solution
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2
6. Define a custom field function for the dynamic head formula (p E']V| /2). For this task, you will use the

Define menu that is at the top of the ANSYS Fluent window.

Define — Custom Field Functions...

Definition

|de’1sity*|'.l’|"‘2,i'2

[+ )= )0 x )[4 [3x ] [ABs ] SelectOperand Fied Functions from

(ow ) [Con ) (s ) (ion ) [Lin_] [log1] | FiedFunctions

Co e )02 (s )[ o) (sor) | Lieogtre )
(5 JCe )07 )8 )9 )lcerc) | l¥elocty Magnine )
CAO e ) ) (om ) | (et

Mew Function Marme | dynamic-head

[Define | [Manage...| [ Close | [ rep |
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g.

Select Density... and Density from the Field Functions drop-down lists, and click the Select button
to add density  to the Definition field.

Click the X button to add the multiplication symbol to the Definition field.

Select Velocity... and Velocity Magnitude from the Field Functions drop-down lists, and click the
Select button to add |V| to the Definition field.

Click yAx to raise the last entry in the Definition field to a power, and click 2 for the power.
Click the / button to add the division symbol to the Definition field, and then click 2.
Enter dynamic-head for New Function Name.

Click Define and close the Custom Field Function Calculator dialog box.

Display filled contours of the custom field function (Figure 3.11: Contours of the Dynamic Head Custom
Field Function (p. 171)).

1'v"’Graphics and Animations —

Contours — Set Up...

E Contours @

Options Contours of
Filled [Custom Field Functions... v]
Mode Values .
Global Range [dynamlc-head - ]
Auto Range
Clip to Range | ] | a
[] Draw Profiles
("] Draw Mesh Surfaces EEE
efault-nterior -

Levels Setup

ressure-outlet-7

ERCIE

Surface Mame Pattern
Surface Types E] E] E]
~

wis

ip-surf |
whaust-fan

n -

[Display] [Cumpute] [ Close ] [ Help ]
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a. Select Custom Field Functions... and dynamic-head from the Contours of drop-down lists.

Tip

Custom Field Functions... is at the top of the upper Contours of drop-down
list.

b. Ensure that symmetry is selected from the Surfaces selection list.

c. Click Display and close the Contours dialog box.
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Figure 3.11: Contours of the Dynamic Head Custom Field Function
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Note

You may need to change the view by zooming out after the last vector display, if you
have not already done so.

. Save the settings for the custom field function by writing the case and data files (elbowl.cas.gz  and
elbowl.dat.gz ).

File - Write —. Case & Data...
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a. Ensure that elbowl.cas.gz s entered for Case/Data File.

Note

When you write the case and data file at the same time, it does not matter whether
you specify the file name with a .cas or .dat extension, as both will be saved.

b. Click OK to save the files and close the Select File dialog box.

c. Click OK to overwrite the files that you made earlier.

3.4.11.Using the Coupled Solver

The elbow solution computed in the first part of this tutorial used the SIMPLE solver scheme for Pressure-
Velocity coupling. For many general fluid-flow problems, convergence speed can be improved by using the
Coupled solver. You will now change the Solution Method to a coupled scheme.

1. Change the solver settings.

+*Solution Methods

Solution Methods

Pressure-Velocty Coupling

Scheme
[Coupled v]

Spatial Discretization

Gradient

[Least Squares Cell Based - ]
Pressure

[Semnd Order v] )
Momentum 3
[Semnd Order Upwind v]
Turbulent Kinetic Eneray

[First Order Upwind - ]
Turbulent Dissipation Rate

[First COrder Upwind T] i

Mon-Iterative Time Advancement
Frozen Flux Farmulation
[] Peeudo Transient

[ High Order Term Relaxation
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a. Select Coupled from the Scheme drop-down list.

b. Leave the Spatial Discretization options at their default settings.

2. Re-initialize the flow field.

*solution Initialization

Solution Initialization

Initialization Methods

@) Hybrid Initialization
" Standard Initialization

Mare Settings... ] I Initialize

uuuuuuu

a. Leave the Initialization Method at the default Hybrid Initialization.

b. Click Initialize.

3. Run the solution for an additional 90 iterations.

+’Run Calculation

Run Calculation

I Check Case...

.......

=]
m
m
m
%]
=]

]

Mumber of Iterations Reparting Interval
| a0 | 1

W0

(=]

=

Profile Update Interval

K S
=

I Data File Quantities..

l Calculate

a. Ensure that 90 is entered for Number of Iterations.

b. Click Calculate.
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A dialog box will appear asking if you want to append data to outlet-temp-avg.out . Click
No. Another dialog box will appear asking whether to Overwrite outlet-temp-avg.out
Click OK.

The solution will converge in approximately 35 iterations (Figure 3.12: Residuals for the Coupled
Solver Calculation (p. 174)). Note that this is faster than the convergence rate using the SIMPLE
pressure-velocity coupling. The convergence history is shown in Figure 3.13: Convergence History
of Mass-Weighted Average Temperature (p. 175).

Figure 3.12: Residuals for the Coupled Solver Calculation
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Figure 3.13: Convergence History of Mass-Weighted Average Temperature
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3.4.12. Adapting the Mesh

For the first two runs of this tutorial, you have solved the elbow problem using a fairly coarse mesh.
The elbow solution can be improved further by refining the mesh to better resolve the flow details.
ANSYS Fluent provides a built-in capability to easily adapt the mesh according to solution gradients.
In the following steps you will adapt the mesh based on the temperature gradients in the current
solution and compare the results with the previous results.

1.

Adapt the mesh in the regions of high temperature gradient. For this task, you will use the Adapt com-
mand that is at the top of the ANSYS Fluent window.

Adapt - Gradient...
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E Gradient Adaption @
Options Method Gradients of
[¥] Refine @) Curvature ITEFHPEFﬂtJFE--- 'I
[¥] Coarsen ") Gradient -
[] Mormalize per Zone 1 Iso-Value IStﬂhETEITIpEFﬂhJFE vl
- Mir Max
Contours. .. MR [1.421085e-14 [0.02833258
e @) Standard
M — -
ﬂj " Scale Coarsen Threshold Refine Threshold
Contrals. .. I Mormalize ||:| |EI.EIEI3
Dynamic
DDynamic
Interval
20 (&)
w
I Adapt I | Mark. | ICumpute] I Apply I I Close J I Help I

a. Ensure that Refine is enabled in the Options group box.

ANSYS Fluent will not coarsen beyond the original mesh for a 3D mesh. Hence, it is not necessary to
deselect Coarsen in this instance.

b. Select Temperature... and Static Temperature from the Gradients of drop-down lists.
c. Click Compute.

ANSYS Fluent will update the Min and Max values to show the minimum and maximum temperature
gradient.

d. Enter 0.003 for Refine Threshold.

A general rule is to use 10 % of the maximum gradient when setting the value for Refine Threshold.
e. Click Mark.

ANSYS Fluent will report in the console that approximately 1304 cells were marked for refinement.

f. Click Manage... in the Gradient Adaptation panel to open the Manage Adaption Registers dialog
box.
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s

Manage Adapticn Registers

Reqgister Actions

Change Type

Combine

Delete

Mark Actions

Exchange
Invert
Lirnit

Fill

Registers

[=] [E] [=] Register Info

|gradient-r0

RegID: 0
Refn #: 1304
Crsn #: 0
Type: adapt

Controls...

| Adapt

[ Close ]

[ Help ]

Click Display.

ANSYS Fluent will display the cells marked for adaption in the graphics window (Figure 3.14: Cells
Marked for Adaption (p. 178)).
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Figure 3.14: Cells Marked for Adaption
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Extra You can change the way ANSYS Fluent displays cells marked for adaption (Fig-
ure 3.15: Alternative Display of Cells Marked for Adaption (p. 180)) by performing the following
steps:

A. Click Options... in the Manage Adaption Registers dialog box to open the Adaption
Display Options dialog box.
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'EX Adaption Display Options
Options Refine Coarsen

Draw Mesh Wireframe [ wireframe

Filled Marker Marker
Color Color
[red - ] [cyan - ]
Size Symbaol Size Symbaol

[ QK ] [Cancel ] [ Help ]

Enable Wireframe in the Refine group box.

Enable Filled in the Options group box in the Adaption Display Options dialog box.

. Enable Draw Mesh in the Options group box.

The Mesh Display dialog box will open.

i

Mesh Display
Options Edge Type Surfaces = EE
[ Modes i Al default-nterior

Edges O} =TTl pressure-outiet-7

[C|Faces ) Outline
[ Partitions

Shrink Factor ~ Feature Angle
| 0 | 20 z=0_outlet

Surface Mame Pattern M
’7 - Surface Types

EHEE
ip-surf I
ot fn B

n

[Display] [Culurs...] [ Close ] [ Help ]

Ensure that only the Edges option is enabled in the Options group box.

Select Feature from the Edge Type list.

. Select all of the items except default-interior from the Surfaces selection list.

. Click Display and close the Mesh Display dialog box.
Click OK to close the Adaption Display Options dialog box.

Click Display in the Manage Adaption Registers dialog box.
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K. Rotate the view and zoom in to get the display shown in Figure 3.15: Alternative Display
of Cells Marked for Adaption (p. 180).

Figure 3.15: Alternative Display of Cells Marked for Adaption
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L. After viewing the marked cells, rotate the view back and zoom out again.
ii. Ensure that gradient-r0 is selected from the Registers selection list.
iii. Click Adapt in the Manage Adaption Registers dialog box.

A Question dialog box will open, confirming your intention to adapt the mesh. Click Yes to pro-
ceed.
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-

[l

Ok to change the mesh?

|'1"es|’|‘~.lu]

iv. Close the Manage Adaption Registers dialog box.

g. Close the Gradient Adaption dialog box.

2. Display the adapted mesh (Figure 3.16: The Adapted Mesh (p. 182)).

“*General - Display...

Mesh Display (S
Options Edge Type curfaces =E[E =
[ Modes i@ all efault-interior
Edges () Feature ressure-outlet-7
[T Faces i) Dutline :
[] Partitions
Shrink Factor

| 0 | 20 _
Surface Mame Pattern
Surface Types E] E] E]

. ip-surf [l
Adjacency... xhaust-fan il

lnl -

[Display] [Culurs...] [ Close ] [ Help ]

a. Select All in the Edge Type group box.

b. Deselect all of the highlighted items from the Surfaces selection list except for symmetry.

Tip

To deselect all surfaces click the far-right unshaded button at the top of the Surfaces
selection list, and then select the desired surfaces from the Surfaces selection list.

c. Click Display and close the Mesh Display dialog box.
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Figure 3.16: The Adapted Mesh
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3. Request an additional 90 iterations.

+’Run Calculation

Click Calculate.
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Run Calculation

| Check Case...

Mumber of Iterations Reparting Interval
| 90 | 1

1[¥
¥

Profile Update Interval
| 1

A|[¥]

I
[i
[
[j
L
{I'a]
1

| Data File Quantities...

| Calculate |

Help

The solution will converge after approximately 35 additional iterations (Figure 3.17: The Complete Residual
History (p. 183) and Figure 3.18: Convergence History of Mass-Weighted Average Temperature (p. 184)).

Figure 3.17: The Complete Residual History
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Figure 3.18: Convergence History of Mass-Weighted Average Temperature
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4. Save the case and data files for the Coupled solver solution with an adapted mesh (elbow2.cas.gz
and elbow2.dat.gz ).

File - Write - Case & Data...

a. Enter elbow2.gz for Case/Data File.

b. Click OK to save the files and close the Select File dialog box.

The files el bow2. cas. gz and el bow2. dat . gz will be saved in your default directory.

5. Examine the filled temperature distribution (using node values) on the revised mesh (Figure 3.19: Filled
Contours of Temperature Using the Adapted Mesh (p. 185)).

"v"Graphics and Animations — = Contours — Set Up...
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Figure 3.19: Filled Contours of Temperature Using the Adapted Mesh
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6. Display and save an XY plot of the temperature profile across the centerline of the outlet for the adapted
solution (Figure 3.20: Outlet Temperature Profile for the Adapted Coupled Solver Solution (p. 187)).

+'Plots . = XY Plot - Set Up...
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s o

Solution XY Plot ==
Options Plot Direction ¥ Axis Function
Mode Values X3 [Temperamre. = v]
Position on X Axis -
Position on Y Axis Yo [SEtlcTemperature v]
[T wirite to File X Axis Function
Order Paints Zp [Directiun Vector v]
File Data Bl Surfaces BE
default-nterior
pressure-outiet-7
symmetry
velocity-inlet-5
velocity-inlet-6
wall
Load File...
[ Flot ] [ Axes... ] [Curues. - ] [ Close ] [ Help

a. Disable Write to File in the Options group box.
The button that was originally labeled Write... will change to Plot.

b. Ensure that Temperature... and Static Temperature are selected from the Y Axis Function drop-
down lists.

c. Ensure that z=0_outlet is selected from the Surfaces selection list.

d. Click Plot.
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Figure 3.20: Outlet Temperature Profile for the Adapted Coupled Solver Solution
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e. Enable Write to File in the Options group box.

The button that was originally labeled Plot will change to Write....
f. Click Write... to open the Select File dialog box.

i. Enter outlet_temp2.xy for XY File.

ii. Click OK to save the temperature data.
g. Close the Solution XY Plot dialog box.

7. Display the outlet temperature profiles for both solutions on a single plot (Figure 3.21: Outlet Temperature
Profiles for the Two Solutions (p. 190)).

“’Plots - = File - Set Up...
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s

File XV Plot
Flot Title Legend Title
| Static Temperature Static Temperature
Files Legend Entries

Before Adaption

Adapted Mesh
[ Add. .. ]
[ Delete ]
C:\Tutorialsintroduction\outlet_temp2. xy | Adapted Mesh [Change Legend Entry ]
[ Plot | [ AxES, ., ] [Curues... ] [ Close ] [ Help ]
a. Click the Add... button to open the Select File dialog box.
Select File (5wl
Look in: , introduction - @ T G-
= || elbow.msh
e b = elbowl.cas.gz
Recent Places % elbowl.dat.gz
|=| elbow?.cas.gz
- % elbow?.dat.gz
Desktop ol outlet_templ .y
i | outlet tempd.ey
= || outlet-ternp-avg.out
Libraries
A
Computer

@

Metwork

Files of type: X Files

v] [ Cancel ]

E] E] Remove

X File(s)
C:VTutorialsintroduction\outlet_temp 1. xy
C:VTutorialsYintroduction\outlet_temp2.xy

i. Click once on outlet_temp1.xy and outlet_temp2.xy.
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f.

Each of these files will be listed with their directory in the XY File(s) list to indicate that they have
been selected.

Tip

If you select a file by mistake, simply click the file in the XY File(s) list and
then click Remove.

ii. Click OK to save the files and close the Select File dialog box.
Select the directory path ending in outlet_temp1.xy from the Files selection list.

Enter Before Adaption in the lowest text-entry box on the right (next to the Change Legend
Entry button).

Click the Change Legend Entry button.

The item in the Legend Entries list for outlet_temp1.xy will be changed to Before Adaption. This
legend entry will be displayed in the upper-left corner of the XY plot generated in a later step.

In a similar manner, change the legend entry for the directory path ending in outlet_temp2.xy to
be Adapted Mesh

Click Plot and close the File XY Plot dialog box.

Figure 3.21: Outlet Temperature Profiles for the Two Solutions (p. 190) shows the two temperature profiles
at the centerline of the outlet. It is apparent by comparing both the shape of the profiles and the predicted
outer wall temperature that the solution is highly dependent on the mesh and solution options. Specifically,
further mesh adaption should be used in order to obtain a solution that is independent of the mesh.
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Figure 3.21: Outlet Temperature Profiles for the Two Solutions
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Note

When reading and writing data values, Fluent always uses SI units. Therefore when you
read in the xy data files and plot them, the position and temperature values will be
plotted in Sl units, regardless of the settings made in the Units... dialog box earlier in
the tutorial.

Extra

You can perform additional rounds of mesh adaption based on temperature gradient

and run the calculation to see how the temperature profile changes at the outlet. A case
and data file (elbow3.cas.gz  and elbow3.dat.gz ) have been provided in the
solution_files directory, in which the mesh has undergone three more levels of
adaption. The resulting temperature profiles have been plotted with outlet_templ.xy

and outlet_temp2.xy in Figure 3.22: Outlet Temperature Profiles for Subsequent Mesh
Adaption Steps (p. 191).
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Figure 3.22: Outlet Temperature Profiles for Subsequent Mesh Adaption Steps
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It is evident from Figure 3.22: Outlet Temperature Profiles for Subsequent Mesh Adaption
Steps (p. 191) that as the mesh is adapted further, the profiles converge on a mesh-inde-
pendent profile. The resulting wall temperature at the outlet is predicted to be 300.6 K
after mesh independence is achieved. If the adaption steps had not been performed, the
wall temperature would have incorrectly been estimated at 299.1 K.

If computational resources allow, it is always recommended to perform successive rounds
of adaption until the solution is independent of the mesh (within an acceptable tolerance).
Typically, profiles of important variables are examined (in this case, temperature) and
compared to determine mesh independence.

3.5.Summary

A comparison of the convergence speed for the SIMPLE and Coupled pressure-velocity coupling schemes
indicates that the latter converges much faster. With more complex meshes, the difference in speed
between the two schemes can be significant.

In this problem, the flow field is decoupled from temperature, since all properties are constant. For such
cases, it is more efficient to compute the flow-field solution first (that is, without solving the energy
equation) and then solve for energy (that is, without solving the flow equations). You will use the
Equations dialog box to turn the solution of the equations on and off during such a procedure.
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Chapter 4: Modeling Periodic Flow and Heat Transfer

This tutorial is divided into the following sections:
4.1.Introduction
4.2.Prerequisites
4.3.Problem Description
4.4.Setup and Solution
4.5.Summary
4.6.Further Improvements

4.1.Introduction

Many industrial applications, such as steam generation in a boiler or air cooling in the coil of an air
conditioner, can be modeled as two-dimensional periodic heat flow. This tutorial illustrates how to set
up and solve a periodic heat transfer problem, given a pre-generated mesh.

The system that is modeled is a bank of tubes containing a flowing fluid at one temperature that is
immersed in a second fluid in cross flow at a different temperature. Both fluids are water, and the flow
is classified as laminar and steady, with a Reynolds number of approximately 100. The mass flow rate
of the cross flow is known and the model is used to predict the flow and temperature fields that result
from convective heat transfer.

Due to symmetry of the tube bank and the periodicity of the flow inherent in the tube bank geometry,
only a portion of the geometry will be modeled in ANSYS Fluent, with symmetry applied to the outer
boundaries. The resulting mesh consists of a periodic module with symmetry. In the tutorial, the inlet
boundary will be redefined as a periodic zone, and the outflow boundary defined as its shadow.

This tutorial demonstrates how to do the following:

+ Create periodic zones.

+ Define a specified periodic mass flow rate.

* Model periodic heat transfer with specified temperature boundary conditions.
+ Calculate a solution using the pressure-based, pseudo-transient, coupled solver.

+ Plot temperature profiles on specified isosurfaces.

4.2.Prerequisites

This tutorial is written with the assumption that you have completed one or more of the introductory
tutorials found in this manual:

* Introduction to Using ANSYS Fluent in ANSYS Workbench: Fluid Flow and Heat Transfer in a Mixing
Elbow (p. 1)

+ Parametric Analysis in ANSYS Workbench Using ANSYS Fluent (p. 73)
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* Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 123)

and that you are familiar with the ANSYS Fluent navigation pane and menu structure. Some steps in
the setup and solution procedure will not be shown explicitly.

4.3.Problem Description

This problem considers a 2D section of a tube bank. A schematic of the problem is shown in Fig-

ure 4.1: Schematic of the Problem (p. 194). The bank consists of uniformly-spaced tubes with a diameter
of 1 cm, which are staggered across the cross-fluid flow. Their centers are separated by a distance of 2
c¢m in the x direction, and 1 cm in the y direction. The bank has a depth of 1 m.

Figure 4.1: Schematic of the Problem
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Because of the symmetry of the tube bank geometry, only a portion of the domain must be modeled.
The computational domain is shown in outline in Figure 4.1: Schematic of the Problem (p. 194). A mass
flow rate of 0.05 kg/s is applied to the inlet boundary of the periodic module. The temperature of the
tube wall (7,,,,7) is 400 K and the bulk temperature of the cross flow water (7j,,;;) is 300 K. The properties
of water that are used in the model are shown in Figure 4.1: Schematic of the Problem (p. 194).

4.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
4.4.1.Preparation
4.4.2.Mesh
4.4.3.General Settings
4.4.4.Models
4.4.5. Materials
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4.4.6.Cell Zone Conditions
4.4.7.Periodic Conditions
4.4.8.Boundary Conditions
4.4.9.Solution

4.4.10. Postprocessing

4.4.1.Preparation

To prepare for running this tutorial:

1.

Set up a working folder on the computer you will be using.

2. Go to the ANSYS Customer Portal, https://support.ansys.com/training.
Note
If you do not have a login, you can request one by clicking Customer Registration on
the log in page.
3. Enter the name of this tutorial into the search bar.
4. Narrow the results by using the filter on the left side of the page.
a. Click ANSYS Fluent under Product.
b. Click 15.0 under Version.
5. Select this tutorial from the list.
6. Click Files to download the input and solution files.
7. Unzip periodic_flow_heat_R150.zip to your working folder.
The file t ubebank. msh can be found in the peri odi c_f | ow_heat folder created after unzipping
the file.
8. Use Fluent Launcher to start the 2D version of ANSYS Fluent.
Fluent Launcher displays your Display Options preferences from the previous session.
For more information about Fluent Launcher, see Starting ANSYS Fluent Using Fluent Launcher in the
User’s Guide.
9. Ensure that the Display Mesh After Reading, Embed Graphics Windows, and Workbench Color
Scheme options are enabled.
10. Ensure that you are running in single precision (disable Double Precision).
11. Select Serial under Processing Options.
4.4.2, Mesh

1.

Read the mesh file tubebank.msh
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File - Read — Mesh...
2. Check the mesh.

“»

+ General — Check

ANSYS Fluent will perform various checks on the mesh and report the progress in the ANSYS Fluent
console window. Ensure that the minimum volume reported is a positive number.

3. Scale the mesh.

Y
“*General - Scale...

E Scale Mesh @
Domain Extents Scaling
Xmin {m) ||:, ¥max (m) |III.EI4 @) Convert Units
Spedfy Scaling Factors
Ymin (m) ||:, Yrnax (m) |IZI.IZIl Mesh Was Created In

|cm

View Length Unit In

)
|m M |....1—
l—

0.01

| Scale || Unscale |

Clusel Help |

a. Select cm (centimeters) from the Mesh Was Created In drop-down list in the Scaling group box.
b. Click Scale to scale the mesh.
c. Close the Scale Mesh dialog box.

4, Check the mesh.

Y
+*General - Check

Note

It is a good idea to check the mesh after you manipulate it (scale, convert to polyhedra,
merge, separate, fuse, add zones, or smooth and swap.) This will ensure that the quality
of the mesh has not been compromised.

5. Examine the mesh (Figure 4.2: Mesh for the Periodic Tube Bank (p. 197)).
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Figure 4.2: Mesh for the Periodic Tube Bank

Mesh
AMNSYS Fluent (2d, dp, pbns, lam)

Quadrilateral cells are used in the regions surrounding the tube walls and triangular cells are used for

the rest of the domain, resulting in a hybrid mesh (see Figure 4.2: Mesh for the Periodic Tube Bank (p. 197)).
The quadrilateral cells provide better resolution of the viscous gradients near the tube walls. The remainder
of the computational domain is filled with triangular cells for the sake of convenience.

Extra

You can use the right mouse button to probe for mesh information in the graphics win-
dow. If you click the right mouse button on any node in the mesh, information will be
displayed in the ANSYS Fluent console about the associated zone, including the name of
the zone. This feature is especially useful when you have several zones of the same type
and you want to distinguish between them quickly.

6. Create the periodic zone.
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The inlet (wall-9) and outflow (wall-12) boundaries currently defined as wall zones need to be redefined
as periodic using the text user interface. The wall-9 boundary will be redefined as a translationally peri-
odic zone and wall-12 as a periodic shadow of wall-9.

a. Press <Enter > in the console to get the command prompt (>).

b. Enter the text command and input the responses outlined in boxes as shown:

nmesh/ nodi fy- zones/ make- peri odi ¢

Periodic zone [()] 9

Shadow zone [()] 12

Rotational periodic? (if no, translational) [yes] no
Create periodic zones? [yes] yes

Auto detect translation vector? [yes] yes

zone 12 deleted

created periodic zones.

4.4.3. General Settings

1. Retain the default settings for the solver.

O
« General
General
Mesh
| Scale. .. || Ched: ||Report Quality'|
Display...
Solver
Type Velodty Formulation
@ Pressure-Based @) Absolute
Density-Based Relative
Time 20 Space
@ Steady @) Planar
Transient Axisymmetric

Axisymmetric Swirl

Grawity Units,..
Help.

4.4.4. Models

1. Enable heat transfer.

“'Models - Energy - Edit...
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E Energy @ﬁ

Energy
| Energy Equation

| K | |Canr_el| |HEI|:| |

a. Enable Energy Equation.

b. Click OK to close the Energy dialog box.

4.4.5. Materials

The default properties for water defined in ANSYS Fluent are suitable for this problem. In this step, you will
make sure that this material is available for selecting in future steps.

1. Add water to the list of fluid materials by copying it from the ANSYS Fluent materials database.

“*Materials - Fluid — Create/Edit...

a. Click Fluent Database... in the Create/Edit Materials dialog box to open the Fluent Database Ma-
terials dialog box.
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s

FLUENT Database Materials =
FLUENT Fluid Materials [E] =) Material Type
wvinyl-silylidene (h2cchsih) A [ﬂuid v]

vinyl-trichlorasilane (sicl3ch2ch) Order Materials by

vinylidene-chloride {ch2cd?’
waterdiguid (h2o<l=] || @ Name
water-vapor (h2a) | ||| ) chemical Formula

wood-volatiles (wood_val) L

-

1 | 1l [ F
Copy Materials from Case... | | Delete
Properties
Density (kg/m3) [mnsﬁnt v] iEw. .. "
|ggs.z H
Cp (Spedfic Heat) (ko) [mnsmnt v] View... i
|4132
Thermal Conductivity (w/m-k) [mnsmnt ,.] View...
|CI.6
Viscosity (ka/m-s) [mnsmnt v] ...
|u.numn3
Mew. .. Edit. Save [ Copy ] [Cluse ] [ Help ]

i. Select water-liquid (h20<I>) in the Fluent Fluid Materials selection list.

Scroll down the list to find water-liquid (h20<I>). Selecting this item will display the default
properties in the dialog box.

ii. Click Copy and close the Fluent Database Materials dialog box.

The Create/Edit Materials dialog box will now display the copied properties for water-liquid.
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B Creste/Edit Materials [
Nome S Drder Materigs by
|Mter4|:.u|:| .l’mid 'l g Name
e _) Chemical Formula
FLUENT Fluid Maberials
|h3°‘1} waterliguid (h2o <) ..| | FLUENT Database... |
" | User Defined Database... |
none
Properties

Density (kg/m3) |constant Edit, 3

L3

998.2

Cp (Specific Heat) (ifkg¥) |mm

4182

L]

Thermal Conductivity (w/m-&) |mm

0.6

Viscosity (kg/m-s) ||:|:mra-rr.

0.001003

|changejcreate | | Delete Cose | Help |

b. Click Change/Create and close the Create/Edit Materials dialog box.
4.4.6.Cell Zone Conditions

1. Set the cell zone conditions for the continuum fluid zone (fluid-16).

.*Cell Zone Conditions — = fluid-16 - Edit...
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Zone MName
|ﬂuid-.‘l&
Material Name |y ater-fquid v | [Edt...
[ Frame Motion || Source Terms
[1Mesh Motion [ Fixed Values
[ Porous Zone
Reference Frame | Mesh Motion | Porous Zone | Embedded LES | Reaction | Source Terms | Fixed Values | Multiphase |
Rotaton-Axs Orign I
X(m) [ constant -
¥im) [o constant vl
[ ok | [cancel| [ Help |

a. Select water-liquid from the Material Name drop-down list.

b. Click OK to close the Fluid dialog box.

4.4.7.Periodic Conditions

1. Define the periodic flow conditions.

*v'Boundary Conditions —» = periodic-9 - Periodic Conditions...
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Pressure Gradient (pascal fm)

E Periodic Conditions @
Type Flow Direction
@) Specify Mass Flow X | 1
_ Specify Pressure Gradient
Y
Mass Flow Rate (kog/fs) | 0
| 0.05

I K. I [Update] [Canr.el] [ Help ]

| ] Relaxation Factor
| 0.5
pstream Bulk Temperature (k)
| 300 Mumber of Iterations
2 S
=

a. Select Specify Mass Flow in the Type list.

This will allow you to specify the Mass Flow Rate.

b. Enter 0.05 kg/s for Mass Flow Rate.

c. Click OK to close the Periodic Conditions dialog box.

4.4.8.Boundary Conditions

1. Set the boundary conditions for the bottom wall of the left tube (wall-21).

1'v"Boundary Conditions —» = wall-21 - Edit...
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| wall-bottom

Adjacent Cell Zone

| fluid-16

Thermal Conditions

Heat Flux

@ Temperature
Convection
Radiation
Mizoed

Material Mame
aluminum

wia System Coupling

Momentum Thermal | Radiation | Species| DPM | Multphase | UDs | wal Fim |

Temperature (k) [ 400 constant

E Wall L]
Zone MName

4

Wall Thidmess: (m) [

=]

Heat Generation Rate (w/m3) 5 constant

4

= | |Edit... |

[ ok | [cancel| [ Help |

a. Enter wall-bottom for Zone Name.

b. Click the Thermal tab.

i. Select Temperature in the Thermal Conditions list.

ii. Enter 400 K for Temperature.

These settings will specify a constant wall temperature of 400 K.

c. Click OK to close the Wall dialog box.

2. Set the boundary conditions for the top wall of the right tube (wall-3).

1'v"’Boundary Conditions —~ = wall-3 - Edit...

a. Enter wall-top

for Zone Name.

b. Click the Thermal tab.

i. Select Temperature from the Thermal Conditions list.

ii. Enter 400 K for Temperature.

c. Click OK to close the Wall dialog box.

4.4.9.Solution

1. Set the solution parameters.

204
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+*Solution Methods

Solution Methods

Pressure-Velocity Coupling

Scheme

[Cuupled v]
Spatial Discretization

Gradient m

[Least Squares Cell Based - ]

Pressure

[Semnd Order v]

Momentum c

[Semnd Order Upwind v] I

Energy

[Semnd Order Upwind v]

Mon-Iterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

[ High Order Term Relaxation

a. Select Coupled from the Scheme drop-down list in the Pressure-Velocity Coupling group box.

b. Retain the default setting of Least Squares Cell Based for the Gradient in the Spatial Discretization
group box.

C. Retain the default setting of Second Order for the Pressure drop-down list.
d. Retain the default setting of Second Order Upwind in the Momentum and Energy drop-down lists.
e. Enable Pseudo Transient.

The Pseudo Transient option enables the pseudo transient algorithm in the coupled pressure-based
solver. This algorithm effectively adds an unsteady term to the solution equations in order to improve
stability and convergence behavior. Use of this option is recommended for general fluid flow problems.

Set the solution controls.

+’sSolution Controls
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Solution Controls

Pseudo Transient Explict Relaxation Factors

Pressure
| 0.5

Marmemntum
| 0.5

Density
| 1

Body Forces
| 1

Energy
| 0.75

[Equatiuns... ] [Limits... ] [Aduanr_ed... ]

a. Retain the default values in the Pseudo Transient Explicit Relaxation Factors group box.

In some cases, the default Pseudo Transient Explicit Relaxation Factors may need to be reduced in
order to prevent oscillation of residual values or stabilization of residual values above the convergence
criteria. For additional information about setting Pseudo Transient Explicit Relaxation Factors, see
Setting Pseudo Transient Explicit Relaxation Factors in the Fluent User's Guide.

3. Enable the plotting of residuals during the calculation.

o =
“’Monitors -

Residuals - Edit...

Residusl Monitors =50
Options Equations
¥| Print to Console Residual Maonitor Check Convergence Absolute Criteria -
7| Plot [ continuity Fi 7 | 0.001
Window - . | |[xvelocity 7 7 ||:|_|:|u1
L = [CLT'-'E!S.-. Bxes... . -
y-velogty 7 7 ||:|.|:u:|1
Iterations to Plot
| 1000 = energy 7 7 | 1806
Residual Values Convergence Criterion
Iterations to Store | Normalize labsulul:: -

|1unn

[4]»

/| Seale
| Compute Local Scale

ok | | Pt | |Renormalize| | Cancel | | Help
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a. Ensure Plot is enabled in the Options group box.
b. Click OK to close the Residual Monitors dialog box.

4. Initialize the solution.

*solution Initialization

Solution Initialization

Initialization Methods

(@ Hybrid Initialization
(") Standard Initialization

[Mure Settings... ] [ Initialize
Reset DPM Sources | | Reset Statistics

a. Retain the default selection of Hybrid Initialization in the Initialization Methods group box.
b. Click Initialize.
c. Patch the fluid zone with the bulk upstream temperature value.

The Hybrid Initialization method computes the initial flow field based on inlet and outlet boundary
conditions. In this case we have periodic boundary conditions with a specified upstream bulk temper-
ature. You will patch the initialized solution with this temperature value in order to improve conver-
gence.

+*Solution Initialization — Patch...

Patch [l
Value (k) Zones to Patch (=] [E] (=]
(@ Relative to Cell Zone | 300
Absolute
_ [T Use Field Function
Variable
Pressure
¥ Velodty

¥ :'.I'ELI:I_IIi& Registers to Patch (2] E] (5]

[P'atch] [Clnse] [ Help ]
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i. Select Temperature in the Variable selection list.
ii. Enter 300 for Value (k).
Recall that the upstream bulk temperature, 1j,,11., is specified as 300 K.
iii. Select fluid-16 in the Zones to Patch selection list.
iv. Click Patch and close the Patch dialog box.
5. Save the case file (tubebank.cas.gz ).
File —» Write - Case...

6. Start the calculation by requesting 350 iterations.

‘+*Run Calculation

Run Calculation

I Check Case... I Preview Mesh Motion...

Pseudo Transient Options
Fluid Zone
Time Step Method Timescale Factor

~ User Spedfied | 1
@ Automatic

Length Scale Method Verbosity

lCunseruatiue v] | ] ()
w

Mumber of Iterations __ Reporting Interval B
| 350 () | 1 (&)

w w
Profile Update Interval
| 1 ()

=]
I Data File Quantities. .. I Acoustic Signals.

—

Calculate

—

| Help

a. Enter 350 for Number of Iterations.
b. Click Calculate.
The solution will converge in approximately 111 iterations.
7. Save the case and data files (tubebank.cas.gz and tubebank.dat.gz ).

File — Write — Case & Data...
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4.4.10. Postprocessing

1. Display filled contours of static pressure (Figure 4.3: Contours of Static Pressure (p. 210)).

1'v"’Graphics and Animations —

= Contours - Set Up...

i

Contours @
Options Contours of
Filled [Pressure. " - ]
Mode Yalues -
Global Range [SEDC fiEsasr v ]
Auto Range
Clip to Range | ] | a
[| Draw Profiles
["| Draw Mesh Surfaces EEE
nterior-15 -
I eriodic-2 |.E |
Levels Setup ymmetry-11 |
20 =iy try-13
=) (=) [Fymmetry
ymmetry-18 -
Surface Mame Pattern
Surface Types E] @ E]
Xis -
ip-surf [
xhaust-fan bl
n -
[ Display ] [Cumpute ] [ Close ] [ Help ]

a. Enable Filled in the Options group box.

b. Retain the default selection of Pressure... and Static Pressure from the Contours of drop-down lists.

c. Click Display.
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Figure 4.3: Contours of Static Pressure
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d. Change the view to mirror the display across the symmetry planes (Figure 4.4: Contours of Static
Pressure with Symmetry (p. 212)).

"v"Graphics and Animations - Views...
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(B views |
Views Actions Mirror Planes (=] [E] (=]
o
B
top Save
[ Define Plane... ]
Read... Periodic Repeats
= ~
[ Apply ] [Camera...] [ Close ] [ Help ]

i. Select all of the symmetry zones (symmetry-18, symmetry-13, symmetry-11, and symmetry-
24) in the Mirror Planes selection list by clicking [E] in the upper right corner.

Note

There are four symmetry zones in the Mirror Planes selection list because the top
and bottom symmetry planes in the domain are each comprised of two symmetry
zones, one on each side of the tube centered on the plane. It is also possible to
generate the same display shown in Figure 4.4: Contours of Static Pressure with
Symmetry (p. 212) by selecting just one of the symmetry zones on the top symmetry
plane, and one on the bottom.

ii. Click Apply and close the Views dialog box.

iii. Translate the display of symmetry contours so that it is centered in the graphics window by using
the left mouse button (Figure 4.4: Contours of Static Pressure with Symmetry (p. 212)).
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Figure 4.4: Contours of Static Pressure with Symmetry

Contours of Static Pressure (pascal)
ANSYS Fluent (2d, dp, pbns, lam)

The pressure contours displayed in Figure 4.4: Contours of Static Pressure with Symmetry (p. 212) do

not include the linear pressure gradient computed by the solver. Thus, the contours are periodic at
the inlet and outflow boundaries.

2. Display filled contours of static temperature (Figure 4.5: Contours of Static Temperature (p. 214)).

"v"Graphics and Animations — = Contours — Set Up...
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s =

Contours @

Options Contours of
Filled [Temperamre. " = ]
Mode Values -
Global Range [5131::: Temperature - ]
Auto Range
Clip to Range | 277.0558 | 400
[] Draw Profiles
[~] Draw Mesh Surfaces EEE
nterior-15 -
L eriodic-9 |E|
evels Setup ymmetry-11 E
| 20 % | 1 = ymmetry-13
ymmetry-13 il

Surface Mame Pattern
Surface Types @ E]
n

Xis

ip-surf |
whaust-fan

n -

[Display] [Cumpute] [ Close ] [ Help ]

a. Select Temperature... and Static Temperature from the Contours of drop-down lists.

b. Click Display and close the Contours dialog box.
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Figure 4.5: Contours of Static Temperature
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The contours in Figure 4.5: Contours of Static Temperature (p. 214) reveal the temperature increase in the
fluid due to heat transfer from the tubes. The hotter fluid is confined to the near-wall and wake regions,
while a narrow stream of cooler fluid is convected through the tube bank.

3. Display the velocity vectors (Figure 4.6: Velocity Vectors (p. 216)).

"v"Graphics and Animations — = Vectors - Set Up...
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E Vectors @

Options Vectors of
Global Range ['u'elucity - ]
.ﬁ.lub: ETIE Color by
Clip to Range )
Auto Scale "I.n'elunty. " - ]
[| Draw Mesh ['u'elucity Magnitude v]
Style
[arrow v] | 1.647334e-06 0.01312426
22 Sﬁp @ Surfaces E=[EE
| ? | (] |jnterior-15 "

. eriodic-9
Vector Options... ymmetry-11
Custom Vectors, .. ymmetry-13
ymmetry-13
ymmetry-24

[ m

Surface Mame Pattern

T ) B

Surface Types E] E]
wis -
ip-surf |
whaust-fan |

n -

[Display] [Compute] [ Close ] [ Help ]

a. Enter 2 for Scale.
This will increase the size of the displayed vectors, making it easier to view the flow patterns.
b. Retain the default selection of Velocity from the Vectors of drop-down list.

c. Retain the default selection of Velocity... and Velocity Magnitude from the Color by drop-down
lists.

d. Click Display and close the Vectors dialog box.

e. Zoom in on the upper right portion of one of the left tubes to get the display shown in (Figure 4.6: Ve-
locity Vectors (p. 216)), by using the middle mouse button in the graphics window.

The magnified view of the velocity vector plot in Figure 4.6: Velocity Vectors (p. 216) clearly shows the re-
circulating flow behind the tube and the boundary layer development along the tube surface.
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Figure 4.6: Velocity Vectors
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4. Create an isosurface on the periodic tube bank at x = 0.01 m (through the first column of tubes).

This isosurface and the ones created in the steps that follow will be used for the plotting of temperature
profiles.

Surface - Iso-Surface...
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E Iso-5urface @
Surface of Constant From Surface E] @ E]
|Mesh... = | [nterior-15 -
: eriodic-9

[K—Courdlnate - ] ymmetry-11 =
Mir {m) Ma (m) ymmetry-13

| 0 0.04 ymmetry-138

ymmetry-24 -

Iso-Values (m) —

| 0.01 From Zones E] @ E]

= Lid-16
4 I

Mew Surface Name
w=0.01m

[ Create ] [Cnmpute] [Manage...] [ Close ] [ Help ]

a. Select Mesh... and X-Coordinate from the Surface of Constant drop-down lists.
b. Enter 0.01 for Iso-Values.

¢. Enter x=0.01m for New Surface Name.

d. Click Create.

In a similar manner, create an isosurface on the periodic tube bank at x = 0.02 m (halfway between the
two columns of tubes) named x=0.02m .

In a similar manner, create an isosurface on the periodic tube bank at x = 0.03 m (through the middle
of the second column of tubes) named x=0.03m , and close the Iso-Surface dialog box.

Create an XY plot of static temperature on the three isosurfaces (Figure 4.7: Static Temperature at x=0.01,
0.02, and 0.03 m (p. 219)).

+'Plots . = XY Plot - Set Up...

Release 75.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 217



Modeling Periodic Flow and Heat Transfer

y =

Solution XY Plot ==
Options Plot Direction ¥ Axis Function
Mode Values X g [TE"'IF'EFEtJFE- . ']
Position on X Axis -
Position on Y Axis ¥ ’17 [SEtlcTemperatL.lre v]
[T wirite to File X Axis Function
Order Points Zla [Directiun Vector v]
File Data BE Surfaces EEE
symmetry-138 -
Bymmetry-24
Load File... | -
[ Plot ] [ Axes... ] [Curues. . ] [ Close ] [ Help ]

a. Enter O for X and 1 for Y in the Plot Direction group box.

With a Plot Direction vector of ( 0, 1), ANSYS Fluent will plot the selected variable as a function of
Y. Since you are plotting the temperature profile on cross sections of constant x, the temperature

varies with the y direction.
b. Select Temperature... and Static Temperature from the Y-Axis Function drop-down lists.

Select x=0.01m, x=0.02m, and x=0.03m in the Surfaces selection list.

n

Scroll down to find the x=0.01m, x=0.02m, and x=0.03m surfaces.
d. Click the Curves... button to open the Curves - Solution XY Plot dialog box.

This dialog box is used to define plot styles for the different plot curves.

' )

Curves - Selution XY Plot ==
Curve # Line Style Marker Style
’D_ % Pattern Symbal
Sample [ '] [+ v]
. Color Color
[Foregruund - ] [Fﬂregmund - ]
Weight Size

|1 |n.3

[Apply] [C|DSE] [Help ]

i. Select + from the Symbol drop-down list.

Scroll up to find the + item.
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ii. Click Apply to assign the + symbol to the x = 0.01 m curve.
iii. Set the Curve # to 1 to define the style for the x = 0.02 m curve.
iv. Select x from the Symbol drop-down list.
Scroll up to find the x item.
v. Enter 0.5 for Size.
vi. Click Apply and close the Curves - Solution XY Plot dialog box.
Since you did not change the curve style for the x = 0.03 m curve, the default symbol will be used.

e. Click Plot and close the Solution XY Plot dialog box.

Figure 4.7: Static Temperature at x=0.01, 0.02, and 0.03 m
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4.5.Summary

In this tutorial, periodic flow and heat transfer in a staggered tube bank were modeled in ANSYS Fluent.
The model was set up assuming a known mass flow through the tube bank and constant wall temper-
atures. Due to the periodic nature of the flow and symmetry of the geometry, only a small piece of the
full geometry was modeled. In addition, the tube bank configuration lent itself to the use of a hybrid
mesh with quadrilateral cells around the tubes and triangles elsewhere.

The Periodic Conditions dialog box makes it easy to run this type of model with a variety of operating
conditions. For example, different flow rates (and hence different Reynolds numbers) can be studied,
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or a different inlet bulk temperature can be imposed. The resulting solution can then be examined to
extract the pressure drop per tube row and overall Nusselt number for a range of Reynolds numbers.

For additional details about modeling periodic heat transfer, see Modeling Periodic Heat Transfer in the
Fluent User's Guide.

4.6.Further Improvements

This tutorial guides you through the steps to reach an initial solution. You may be able to obtain a more
accurate solution by adapting the mesh. Mesh adaption can also ensure that the solution is independent
of the mesh. These steps are demonstrated in Introduction to Using ANSYS Fluent: Fluid Flow and Heat
Transfer in a Mixing Elbow (p. 123).
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Chapter 5: Modeling External Compressible Flow

This tutorial is divided into the following sections:
5.1.Introduction
5.2.Prerequisites
5.3.Problem Description
5.4.Setup and Solution
5.5.Summary
5.6.Further Improvements

5.1.Introduction

The purpose of this tutorial is to compute the turbulent flow past a transonic airfoil at a nonzero angle
of attack. You will use the Spalart-Allmaras turbulence model.

This tutorial demonstrates how to do the following:

* Model compressible flow (using the ideal gas law for density).

+ Set boundary conditions for external aerodynamics.

+ Use the Spalart-Allmaras turbulence model.

+ Use Full Multigrid (FMG) initialization to obtain better initial field values.

+ Calculate a solution using the pressure-based coupled solver with the pseudo transient option.

+ Use force and surface monitors to check solution convergence.

+ Check the near-wall mesh resolution by plotting the distribution of y+.

5.2.Prerequisites

This tutorial is written with the assumption that you have completed one or more of the introductory
tutorials found in this manual:

* Introduction to Using ANSYS Fluent in ANSYS Workbench: Fluid Flow and Heat Transfer in a Mixing
Elbow (p. 1)

+ Parametric Analysis in ANSYS Workbench Using ANSYS Fluent (p. 73)
+ Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 123)

and that you are familiar with the ANSYS Fluent navigation pane and menu structure. Some steps in
the setup and solution procedure will not be shown explicitly.
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5.3.Problem Description

The problem considers the flow around an airfoil at an angle of attack & =4° and a free stream Mach
number of 0.8 (M, =0.8).The flow is transonic, and has a fairly strong shock near the mid-chord

(x/c=0.45) on the upper (suction) side. The chord length is 1 m.The geometry of the airfoil is shown
in Figure 5.1: Problem Specification (p. 222).

Figure 5.1: Problem Specification

a=4"

5.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
5.4.1.Preparation
5.4.2.Mesh
5.4.3.General Settings
5.4.4.Models
5.4.5. Materials
5.4.6.Boundary Conditions
5.4.7.0perating Conditions
5.4.8.Solution
5.4.9.Postprocessing

5.4.1.Preparation
To prepare for running this tutorial:
1. Set up a working folder on the computer you will be using.

2. Go to the ANSYS Customer Portal, https://support.ansys.com/training.

Note

If you do not have a login, you can request one by clicking Customer Registration on
the log in page.

3. Enter the name of this tutorial into the search bar.
4. Narrow the results by using the filter on the left side of the page.
a. Click ANSYS Fluent under Product.

b. Click 15.0 under Version.

5. Select this tutorial from the list.
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Setup and Solution

6. Click Files to download the input and solution files.
7. Unzip external_compressible_R150.zip to your working folder.

The file ai r f oi | . msh can be found in the ext er nal _conpr essi bl e folder created after unzipping
the file.

8. Use Fluent Launcher to start the 2D version of ANSYS Fluent.
Fluent Launcher displays your Display Options preferences from the previous session.

For more information about Fluent Launcher, see Starting ANSYS Fluent Using Fluent Launcher in
the User’s Guide.

9. Ensure that the Display Mesh After Reading, Embed Graphics Windows, and Workbench Color
Scheme options are enabled.

10. Enable Double Precision.

11. Ensure Serial is selected under Processing Options.

5.4.2.Mesh
1. Read the mesh file airfoil.msh
File — Read — Mesh...

2. Check the mesh.

“’General - Check

ANSYS Fluent will perform various checks on the mesh and will report the progress in the console. Make
sure that the reported minimum volume is a positive number.

Note

ANSYS Fluent will issue a warning concerning the high aspect ratios of some cells

and possible impacts on calculation of Cell Wall Distance. The warning message in-
cludes recommendations for verifying and correcting the Cell Wall Distance calcula-
tion. In this particular case the cell aspect ratio does not cause problems so no further
action is required. As an optional activity, you can confirm this yourself after the
solution is generated by plotting Cell Wall Distance as noted in the warning message.

3. Examine the mesh (Figure 5.2: The Entire Mesh (p. 224) and Figure 5.3: Magnified View of the Mesh Around
the Airfoil (p. 225)).
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Figure 5.2: The Entire Mesh
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ANSYS Fluent (2d, dp, pbns, lam)

Quadrilateral cells were used for this simple geometry because they can be stretched easily to account
for different flow gradients in different directions. In the present case, the gradients normal to the airfoil
wall are much greater than those tangent to the airfoil. Consequently, the cells near the surface have
high aspect ratios. For geometries that are more difficult to mesh, it may be easier to create a hybrid

mesh comprised of quadrilateral and triangular cells.
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Figure 5.3: Magnified View of the Mesh Around the Airfoil

Mesh

AMSYS Fluent (2d, dp, pbns, lam)

A parabola was chosen to represent the far-field boundary because it has no discontinuities in slope,
enabling the construction of a smooth mesh in the interior of the domain.

Extra

You can use the right mouse button to probe for mesh information in the graphics win-
dow. If you click the right mouse button on any node in the mesh, information will be
displayed in the ANSYS Fluent console about the associated zone, including the name of
the zone. This feature is especially useful when you have several zones of the same type
and you want to distinguish between them quickly.

4. Reorder the mesh.

Mesh - Reorder - Domain
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This is done to reduce the bandwidth of the cell neighbor number and to speed up the computations.
This is especially important for large cases involving 1 million or more cells. The method used to reorder
the domain is the Reverse Cuthill-McKee method.

5.4.3.General Settings

1. Set the solver settings.

General
Mesh
| Scale. .. | | Checdk | | Report Quality |
| Display...
Solver
Type Velodty Formulation
@) Pressure-Based @ Absolute
Density-Based Relative
Time 2D Space
@) Steady @) Planar
Transient Axisymmetric

Axisymmetric Swirl

GFEI'\I'it!.I' Units. ..

| Help

a. Retain the default selection of Pressure-Based from the Type list.

The pressure-based solver with the Coupled option for the pressure-velocity coupling is a good altern-
ative to density-based solvers of ANSYS Fluent when dealing with applications involving high-speed
aerodynamics with shocks. Selection of the coupled algorithm is made in the Solution Methods task

page in the Solution step.

5.4.4. Models

1. Select the Spalart-Allmaras turbulence model.

Y
“*Models - = Viscous - Edit...
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E Viscous Model @
Model Model Constants
Inviscid chi i
Laminar | 0.1355
@) Spalart-allmaras (1 egn) '
k-epsilon (2 egn) ch2 =

k-omeaa (2 eqn)

Transition k4l-omega (3 eqgn)
Transition 55T (4 eqn) cvi
Reynolds Stress (5 egn)

|D.622

Scale-Adaptive Simulation (SAS) | 7.1
Spalart-Allmaras Production Cwl

0.3
Vortidty-Based |

@) Strain/Vorticdty-Based
User-Defined Functions

Options
: Turbulent Viscosity

| none R

Curvature Correction

| QK | |Canr_el| |Hel|:| |

a. Select Spalart-Allmaras (1eqn) in the Model list.
b. Select Strain/Vorticity-Based in the Spalart-Allmaras Production list.
c. Retain the default settings in the Model Constants group box.

d. Click OK to close the Viscous Model dialog box.

Note

The Spalart-Allmaras model is a relatively simple one-equation model that solves a modeled
transport equation for the kinematic eddy (turbulent) viscosity. This embodies a relatively
new class of one-equation models in which it is not necessary to calculate a length scale
related to the local shear layer thickness. The Spalart-Allmaras model was designed spe-
cifically for aerospace applications involving wall-bounded flows and has been shown to
give good results for boundary layers subjected to adverse pressure gradients.

5.4.5. Materials

The default Fluid Material is air, which is the working fluid in this problem. The default settings need to be
modified to account for compressibility and variations of the thermophysical properties with temperature.

1. Set the properties for air, the default fluid material.

“’Materials - = air - Create/Edit...
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n Create/Edit Materials
MName Material Type Order Materials by
| Air [ fuid - | | @ MName
- Chemical Formula
Chemical Formula FLUENT Fluid Materials .
| [ai +| | FLUENT Database... |
| User-Defined Database. . |
noe
Properties
Density (ka/m3) [hd_gas '] — -
Cp (Spedfic Heat) (jka+&) [mnﬁhnt ,] .
| 1006.43 3
Thermal Conductivity [w/fm-&) [mns tant _] .
| 0.0242
Viscosity (ka/m-s) [ -|[_Edt..
Change fCreate Delete Close Help

a. Select ideal-gas from the Density drop-down list.

The Energy Equation will be enabled.

b. Select sutherland from the Viscosity drop-down list to open the Sutherland Law dialog box.

s o)

Sutherland Law @
Methods

(7 Two Coeffident Method (SI Units Only)
(@) Three Coeffident Method

Feference Viscosity, mud (ka/m-s) | 1716205 -

Reference Temperature, TO (k) | 273,11

Effective Temperature, 5 (k) | 110,55

[ K, ] [Cancel] [Help ]

Scroll down the Viscosity drop-down list to find sutherland.

i. Retain the default selection of Three Coefficient Method in the Methods list.

ii. Click OK to close the Sutherland Law dialog box.

The Sutherland law for viscosity is well suited for high-speed compressible flows.
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c. Click Change/Create to save these settings.

d. Close the Create/Edit Materials dialog box.
While Density and Viscosity have been made temperature-dependent, Cp (Specific Heat) and Thermal

Conductivity have been left constant. For high-speed compressible flows, thermal dependency of the

physical properties is generally recommended. For simplicity, Thermal Conductivity and Cp (Specific
Heat) are assumed to be constant in this tutorial.

5.4.6.Boundary Conditions
1':"Boundary Conditions

Boundary Conditions

Zaone
interior-1
pressure-far-field-1
wall-bottom
wall-top
Type ID
mixture [pressure-hr-ﬁelc v] 11
[ Edit. .. ] [ Copy... ][Pruﬁles... ]

[ Parameters... ] [Dperaﬁng Cundiﬁuns...]

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

1. Set the boundary conditions for pressure-far-field-1.

1'v"’Boundary Conditions - = pressure-far-field-1 - Edit...
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E Pressure Far-Field @

Zone Mame

| pressure-far-field-1

Mormenturm | Thermal | Radiation | Spedes | uDs | DPM |

Gauge Pressure (pascal) | 0 [mnsmnt v]
Mach Number | 0.5 [mnsmnt "]
¥-Compeonent of Flow Direction | 0.997564 [mnsmnt v]
¥-Component of Flow Direction | 0.069755 [mnsmnt v]
Turbulence
Specification Method [Turbulent Viscosity Ratio ']
Turbulent Viscosity Ratio | 10 [mnsmnt v]

[ 0K ] [Cancel] [Help ]

a. Retain the default value of O Pa for Gauge Pressure.

Note

The gauge pressure in ANSYS Fluent is always relative to the operating pressure, which
is defined in a separate input (see below).

b. Enter 0.8 for Mach Number.

c. Enter 0.997564 and 0.069756 for the X-Component of Flow Direction and Y-Component of
Flow Direction, respectively.

These values are determined by the 4° angle of attack: cos4°=0.997564 and sin4°=0.069756.

d. Retain Turbulent Viscosity Ratio from the Specification Method drop-down list in the Turbulence
group box.

e. Retain the default value of 10 for Turbulent Viscosity Ratio.
The viscosity ratio should be between 1 and 10 for external flows.

f. Click the Thermal tab and retain the default value of 300 K for Temperature.
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Q Pressure Far-Field

Zone Mame

| pressure-far-field-1

Temperature (k) | 00

Momentum  Thermal | Radiation | Species| uDs | Dpm |

[mnsmnt

[ QK ] [Cancel] [Help ]

g. Click OK to close the Pressure Far-Field dialog box.

5.4.7.0perating Conditions
1. Set the operating pressure.

-
LI

~ Boundary Conditions —. Operating Conditions...

= Operating Conditions

Pressure Gravity

101325
| @
Reference Pressure Location
X [:ITI:l 0

| ®
Y [:ITI:l 0

| ®

Z [:ITI:l ||:|

[ QK ] [Can:’.el] [Help ]

Operating Pressure (pascal) [T Gravity

-

=

The Operating Conditions dialog box can also be accessed from the Cell Zone Conditions task page.

a. Retain the default value of 101325 Pa for Operating Pressure.
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The operating pressure should be set to a meaningful mean value in order to avoid round-off errors.
The absolute pressure must be greater than zero for compressible flows. If you want to specify
boundary conditions in terms of absolute pressure, you can make the operating pressure zero.

b. Click OK to close the Operating Conditions dialog box.

For information about setting the operating pressure, see Operating Pressure in the User's Guide.

5.4.8.Solution

1. Set the solution parameters.

“*solution Methods

Solution Methods

Pressure-Velodty Coupling

Scheme

[Cuupled v]
Spatial Discretization

Gradient i

[Least Sguares Cell Based v]

Pressure

[Semnd Order v] )

Density 3

[Semnd Order Upwind v]

Momentum

[Semnd Crder Upwind v]

Modified Turbulent Viscosity

[Semnd Order Upwind v] i

Mon-Tterative Time Advancement
Frozen Flux Formulation
Pzeudo Transient

[ High Order Term Relaxation

a. Select Coupled from the Scheme drop-down list in the Pressure-Velocity Coupling group box.

b. Retain the default selection of Least Squares Cell Based from the Gradient drop-down list in the
Spatial Discretization group box.

c. Retain the default selection of Second Order from the Pressure drop-down list.
d. Select Second Order Upwind from the Modified Turbulent Viscosity drop-down list.

e. Enable Pseudo Transient.
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The Pseudo Transient option enables the pseudo transient algorithm in the coupled pressure-based
solver. This algorithm effectively adds an unsteady term to the solution equations in order to improve
stability and convergence behavior. Use of this option is recommended for general fluid flow problems.

2. Set the solution controls.

+’solution Controls

Solution Controls

Pseudo Transient Explicit Relaxation Factors

Density i
| 0.5

Body Forces
| 1

Modified Turbulent Viscosity
| 0.9

m

Turbulent Viscosity
| 1
Energy
| 0.75

Default

lEquaﬁuns... I lLimits... I lAdvanr_ed...

i

Help

a. Enter 0.5 for Density in the Pseudo Transient Explicit Relaxation Factors group box.
Under-relaxing the density factor is recommended for high-speed compressible flows.
b. Enter 0.9 for Modified Turbulent Viscosity.

Larger under-relaxation factors (that is, closer to 1) will generally result in faster convergence. However,
instability can arise that may need to be eliminated by decreasing the under-relaxation factors.

3. Enable residual plotting during the calculation.

‘~*Monitors — = Residuals — Edit...
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E Residual Monitors @
Options Equations
Print to Console Residual Maonitor Check Convergence Absolute Criteria = =

Flat continuity 0.001
'n.fu';n-:luw - ’W 0.001
= [Curues...][ Axes... ] I
y-velodty ] 0.001
[terations to Plot £

m

i

1000 % energy le-06
Residual Values Convergence Criterion
Iterations to Store [] Mormalize [absulute v]
1000 (a) -
= : =
Scale

[] cCompute Local Scale

[ Ok ] [ Plot ] [Renurmalize] [ Cancel ] [ Help ]

a. Ensure that Plot is enabled in the Options group box and click OK to close the Residual Monitors
dialog box.

4, Initialize the solution.
*solution Initialization

Solution Initialization

Initialization Methods

(@ Hybrid Initialization
() Standard Initialization

[Mnre Settings... ] [ Initialize

a. Retain the default selection of Hybrid Initialization from the Initialization Methods group box.
b. Click Initialize to initialize the solution.

¢. Run the Full Multigrid (FMG) initialization.

FMG initialization often facilitates an easier start-up, where no CFL (Courant Friedrichs Lewy) ramping
is necessary, thereby reducing the number of iterations for convergence.

i. Press Ent er in the console to get the command prompt (>).
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ii. Enter the text commands and input responses as shown in the boxes. Accept the default values
by pressing Ent er when no input response is given:

solve/initialize/set-frmg-initialization

Customize your FMG initialization:
set the number of multigrid levels [5]

set FMG parameters on levels ..

residual reduction on level 1 is: [0.001]
number of cycles on level 1 is: [10] 100

residual reduction on level 2 is: [0.001]
number of cycles on level 2 is: [50] 100

residual reduction on level 3 is: [0.001]
number of cycles on level 3 is: [100]

residual reduction on level 4 is: [0.001]
number of cycles on level 4 is: [500]

residual reduction on level 5 [coarsest grid] is: [0.001]
number of cycles on level 5 is: [500]

Number of FMG (and FAS geometric multigrid) levels: 5
* FMG customization summary:
residual reduction on level O [finest grid] is: 0.001
number of cycles on level O is: 1
residual reduction on level 1 is: 0.001
number of cycles on level 1 is: 100
residual reduction on level 2 is: 0.001
number of cycles on level 2 is: 100
residual reduction on level 3 is: 0.001
number of cycles on level 3 is: 100
residual reduction on level 4 is: 0.001
number of cycles on level 4 is: 500
residual reduction on level 5 [coarsest grid] is: 0.001
number of cycles on level 5 is: 500
FMG customization complete

0% X X X X X X X X X X X

set FMG courant-number [0.75]
enable FMG verbose? [no] yes

solvel/initialize/fng-initialization
Enable FMG initialization? [no] yes

Note

Whenever FMG initialization is performed, it is important to inspect the FMG initialized
flow field using the postprocessing tools of ANSYS Fluent. Monitoring the normalized
residuals, which are plotted in the console window, will give you an idea of the conver-
gence of the FMG solver. You should notice that the value of the normalized residuals
decreases. For information about FMG initialization, including convergence strategies,
see Full Multigrid (FMG) Initialization in the User’s Guide.

5. Save the case and data files (airfoil.cas.gz and airfoil.dat.gz ).
File — Write - Case & Data...

It is good practice to save the case and data files during several stages of your case setup.
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6. Start the calculation by requesting 50 iterations.

“*Run Calculation
a. Enter 50 for Number of Iterations.
b. Click Calculate.

By performing some iterations before setting up the force monitors, you will avoid large initial transients
in the monitor plots. This will reduce the axes range and make it easier to judge the convergence.

7. Set the reference values that are used to compute the lift, drag, and moment coefficients.

.
+*Reference Values

The reference values are used to nondimensionalize the forces and moments acting on the airfoil. The
dimensionless forces and moments are the lift, drag, and moment coefficients.

Reference Yalues

Compute from

pressure-far-field-1 -

Reference Values

Area (m2) | 1

Density (ka/m3) | 1.176674

Depth {m) | 1

Enthalpy (jfka) |44:|412. 25

Length (m) | 1

Pressure (pascal) | 0

Temperature (k) | 300

Velodity (m/s) | 277.6701

Viscosity (kg/m-s) | 1,7894e-05

Ratio of Spedfic Heats | 1.4

Reference Zone

l -

a. Select pressure-far-field-1 from the Compute from drop-down list.

ANSYS Fluent will update the Reference Values based on the boundary conditions at the far-field
boundary.
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8. Define a force monitor to plot and write the drag coefficient for the walls of the airfoil.

“*Monitors (Residuals, Stastistic and Force Monitors) - Create —

o

Drag Menitor

Mame

Wall Zones

|cd-1

Options
[ Print to Console

Flot
Window

wall-bottom
all-top

|2 % [Curues...][ ANES...

Write

File Mame

| cd-1-history

|:| Per Zone
Average Over{Iterations)

| 1

Faorce Vector
¥ Y

o0

(23]
EEE

||:|.99?s |III.IIIGEII-"G |.;.

[Sa'u'e Output Parameter. .. ]

[ QK ] [ Plot ] [Clear] [Can::el] [Help ]

-

a. Enable Plot in the Options group box.

b. Enable Write to save the monitor history to a file.

Drag...

Note

If you do not enable the Write option, the history information will be lost when you

exit ANSYS Fluent.

c. Retain the default entry of cd-1-history

for File Name.

d. Select wall-bottom and wall-top in the Wall Zones selection list.

e. Enter 0.9976 for X and 0.06976 for Y in the Force Vector group box.

These X and Y values ensure that the drag coefficient is calculated parallel to the free-stream flow,
which is 4° off of the global coordinates.

f. Click OK to close the Drag Monitor dialog box.
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9. Similarly, define a force monitor for the lift coefficient.

e

+*Monitors — Create —

Lift...

Lift Monitor
Mame Wall Zones E] @ E]

| d-1 wall-bothom
all-top
Options
[ Print to Console

Flot
Window

|3 % [Curues...][ ANES...

Write

File Mame
| d-1-histaory

|:| Per Zone
Average Over{Iterations)
| 1

o0

Faorce Vector

¥ ¥ z
| 0.0598 | 0.9978| | 0

[Sa'u'e Output Parameter. .. ]

[ QK ] [ Plot ] [Clear] [Can::el] [Help ]

Enter the values for X and Y shown in the Lift Monitor dialog box.

The X and Y values shown ensure that the lift coefficient is calculated normal to the free-stream flow,
which is 4° off of the global coordinates.

10. In a similar manner, define a force monitor for the moment coefficient.

e

‘“*Monitors -, Create -~ = Moment...
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s

Meoment Monitor
Mame Wall Zones EE

| am-1 wall-bothom
all-top
Options
[ Print to Console

Plot
Window

|4 % [Curues...][ Axes...

Write

File Mame
| cm-1-history

|:| Per Zone
Average Over(Iterations)
| 1

00|

Maoment Center

¥ (m) ¥ {m) Z ()
| 0.25 | 0 | 0

Mament Axis

X L Fi
° ° E

[Sa'u'e Output Parameter. .. ]

[ Ok ] [ Plot ] [Clear] [Can::el] [Help ]

Enter the values for the Moment Center and Moment Axis shown in the Moment Monitor dialog
box.

11. Display filled contours of pressure overlaid with the mesh in preparation for defining a surface monitor
(Figure 5.4: Pressure Contours After 50 Iterations (p. 241) and Figure 5.5: Magnified View of Pressure Contours
Showing Wall-Adjacent Cells (p. 242)).

*v"Graphics and Animations — = Contours — Set Up...
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Contours
Options Contours of
Filled [PFESSUFE' = v ]
Mode Values -
Gobal Range [51311:: Pressure i ]
Auto Range Min Il
Clip to Range | ] | 0
[] Draw Profiles
Draw Mesh Surfaces EEE
nterior-1
essure-far-field-1
Levels - Setup all-battom
| 20 = | 1 & [wal-top

Surface Name Pattern
Surface Types

BIE)
ip-surf il
}tl'jhaust—fan !
[Display ] [Cmnpute] [ Close ] [ Help ]

a. Enable Filled in the Options group box.

b. Enable Draw Mesh to open the Mesh Display dialog box.

Mesh Display
Options Edge Type =E[E
[] Nodes i@ all
Edges (=17 S W oressure-far-field-1
[C] Faces () Qutine wall-bottom
[] Partitions wall-top

Shrink Factor ~ Feature Angle
| 0 | 20

Surface Types E] E] E]
ip-surf |:|
whaust-fan
fan. -

[ Display ] [Colnrs...] [ Close ] [ Help ]

i. Retain the default settings.
ii. Close the Mesh Display dialog box.

c. Click Display and close the Contours dialog box.

240
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Figure 5.4: Pressure Contours After 50 Iterations
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Contours of Static Pressure {pascal)
AMSYS Fluent (2d, dp, phns, 5-A)

The shock is clearly visible on the upper surface of the airfoil, where the pressure jumps to a higher
value downstream of the low pressure area.

Note

The color indicating a high pressure area near the leading edge of the airfoil is ob-
scured by the overlaid green mesh. To view this contour, simply disable the Draw
Mesh option in the Contours dialog box and click Display.

d. Zoom in on the shock wave, until individual cells adjacent to the upper surface (wall-top boundary)
are visible, as shown in Figure 5.5: Magnified View of Pressure Contours Showing Wall-Adjacent
Cells (p. 242).
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Figure 5.5: Magnified View of Pressure Contours Showing Wall-Adjacent Cells

Contours of Static Pressure (pascal)
AMSYS Fluent (2d, dp, phns, 5-A)

The magnified region contains cells that are just downstream of the shock and adjacent to the upper
surface of the airfoil. In the following step, you will create a point surface inside a wall-adjacent cell,
which you will use to define a surface monitor.

12. Create a point surface just downstream of the shock wave.

Surface - Point...
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E Point Surface @

Options Coordinates

Point Tool | | 0 (m) | 0.53

|ﬂ| v (m) ||:|.|:|51|
g

| Select Paint with Mouse

Mew Surface Mame
| point-4

| Create | |Manage...| | Close | | Help |

a. Enter 0.53 m forx0 and 0.051 m fory0 in the Coordinates group box.
b. Retain the default entry of point-4  for New Surface Name.

c. Click Create and close the Point Surface dialog box.

Note

You have entered the exact coordinates of the point surface so that your convergence
history will match the plots and description in this tutorial. In general, however, you will
not know the exact coordinates in advance, so you will need to select the desired location
in the graphics window. You do not have to apply the following instructions at this point
in the tutorial; they are added here for your information:

a. In the Point Surface dialog box, click the Select Point with Mouse button. A Working
dialog box will open telling you to “Click on a location in the graphics window with the
MOUSE-PROBE mouse button.”

b. Position the mouse pointer at a point located inside one of the cells adjacent to the upper
surface (wall-top boundary), downstream of the shock (see Figure 5.6: Pressure Contours
after Creating a Point with the Mouse (p. 244)).

c. Click the right mouse button.

d. Click Create to create the point surface and then close the Point Surface dialog box.
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Figure 5.6: Pressure Contours after Creating a Point with the Mouse
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13. Enable residual plotting during the calculation.

re =
“*Monitors -

Residuals - Edit...
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E Residual Monitors @
Options Equations
Print to Console Residual Monitor -

Plat continuity
Windaow ’W
| 1

ICurues... ” Axes... I

y-velodty ]
Iterations to Plot
(]
1000 S energy il

Residual Values Convergence Criterion
Iterations to Store [ Normalize I”“"‘E i

1000 5 -
-

m

4

4[]

Scale
[] cCompute Local Scale

I Ok I I Plot I IRenurmaIizeI I Cancel I I Help

a. Ensure that Plot is enabled in the Options group box.

b. Select none from the Convergence Criterion drop-down list so that automatic convergence checking
does not occur.

c. Click OK to close the Residual Monitors dialog box.

14. Define a surface monitor for tracking the velocity magnitude value at the point created in the previous
step.

Since the drag, lift, and moment coefficients are global variables, indicating certain overall conditions,
they may converge while local conditions at specific points are still varying from one iteration to the
next. To account for this, define a monitor at a point (just downstream of the shock) where there is likely
to be significant variation, and monitor the value of the velocity magnitude.

+*Monitors (Surface Monitors) — Create...
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Surface Monitor @
Marne Report Type
| surf-mon-1 ['u'ertex Average v]
Options |[:IE|;.'.| Variable ]
Velodty... -
Print to Console
Flot ['u'elm:ity Magnitude v]
Window @ Surfaces EE
|5 = [Cur'u'es... ][ Axes... ] !“tﬁriﬂf'l
L pressure-far-field-1
File Mame wall-bottom
| surf-mon-L.out| wall-top
X Axis
[Iteraﬁun v]
Get Data Every
| 1 % Iteration v]
Average Ower

E @ | [New surface » |
=

[ QK ] [Can::el] [Help ]

a. Enable Plot and Write.
b. Select Vertex Average from the Report Type drop-down list.
Scroll down the Report Type drop-down list to find Vertex Average.

c. Select Velocity... and Velocity Magnitude from the Field Variable drop-down list.

d. Select point-4 in the Surfaces selection list.
e. Click OK to close the Surface Monitor dialog box.

15. Save the case and data files (airfoil-1.cas.gz and airfoil-1.dat.gz ).
File — Write - Case & Data...

16. Continue the calculation for 200 more iterations.

+’Run Calculation

The force monitors (Figure 5.8: Drag Coefficient Convergence History (p. 247) and Figure 5.9: Lift Coefficient
Convergence History (p. 248)) show that the case is converged after approximately 200 iterations.
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Figure 5.7: Velocity Magnitude History
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Figure 5.8: Drag Coefficient Convergence History
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Figure 5.9: Lift Coefficient Convergence History
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Figure 5.10: Moment Coefficient Convergence History
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17. Save the case and data files (airfoil-2.cas.gz and airfoil-2.dat.gz ).

File - Write - Case & Data...
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5.4.9.Postprocessing

1. Plot the y+ distribution on the airfoil (Figure 5.11: XY Plot of y+ Distribution (p. 250)).

+'Plots . = XY Plot - Set Up...

I

Solution XY Plot
Options Plot Direction

[ Mode values X1
Position on X Axis

Position on Y Axis ¥ln
[ wirite to File
[

Order Points 0

File Data EEE

Load File... |

Y Axis Function

[Turbulen::e. .

[Wall ¥plus

