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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 El-
bow (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. 121)

and that you are familiar with the ANSYS Fluent navigation pane and ribbon 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. 121)

All of the tutorials include some postprocessing instructions, but Postprocessing (p. 879) 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. These manuals are all
available on the ANSYS Customer Portal (http://support.ansys.com/documentation).

+ 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.

+ Fluent Meshing User's Guide contains detailed information about creating 3D meshes using the
meshing mode of Fluent.
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Fluent in Workbench User's Guide contains information about getting started with and using Fluent
within the Workbench environment.

Fluent Theory Guide contains reference information for how the physical models are implemented in
Fluent.

Fluent Customization 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 instructions,
commentary, and postprocessing of results.

Tutorials for release 18.0 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.

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

Tutorials for release 18.0 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.

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

Fluent Advanced Add-On Modules contains information about the usage of the different advanced
Fluent add-on modules, which are applicable for specific modeling needs.

- Part I: ANSYS Fluent Adjoint Solver 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.

— Part Il: ANSYS Fluent Battery Module contains information about the background and usage of Fluent's
Battery Module that allows you to analyze the behavior of electric batteries.

— Part Ill: ANSYS Fluent Continuous Fiber Module 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.

— Part IV: ANSYS Fluent Fuel Cell Modules 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 (PEMFC), solid oxide fuel cells (SOFC), and electrolysis with Fluent.

— Part V: ANSYS Fluent Magnetohydrodynamics (MHD) Module contains information about the back-
ground 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)
electromagnetic fields.

— Part VI: ANSYS Fluent Population Balance Module contains information about the background and
usage of Fluent's Population Balance Module that allows you to analyze multiphase flows involving
size distributions where particle population (as well as momentum, mass, and energy) require a balance
equation.

Xiv
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+ 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 ANSYS Fluent Using a Load Manager contains information about using third-party load managers
with ANSYS Fluent.

— Part I: Running ANSYS Fluent Under LSF contains information about using Fluent with Platform
Computing’s LSF software, a distributed computing resource management tool.

— Part ll: Running ANSYS Fluent Under PBS Professional contains information about using Fluent with
Altair PBS Professional, an open workload management tool for local and distributed environments.

- Part Ill: Running ANSYS Fluent Under SGE contains information about using Fluent with Univa Grid
Engine (formerly Sun Grid Engine) software, 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 Tutorial Postprocessing (p. 879) use existing case and data
files.)

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. 583).

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. 879), 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. 583).

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. 879), which is devoted entirely
to postprocessing (although the other tutorials all contain some postprocessing as well).
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5.Typographical Conventions Used In This Manual

Several typographical conventions are used in this manual’s text to help you find commands in the
user interface.

+ Different type styles are used to indicate graphical user interface items and text interface items. For example:

Iso-Surface dialog box
surfacel/i so-surface text command

+ The text interface type style is also used when illustrating exactly what appears on the screen to distinguish
it from the narrative text. In this context, user inputs are typically shown in boldface. For example,

solve/initializel/set-frng-initialization

Custom ze your FMG initialization:
set the number of multigrid levels [5]

set FMG paraneters on levels ..

residual reduction on level 1 is: [0.001]
nunmber 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

*+ Mini flow charts are used to guide you through the ribbon or the tree, leading you to a specific option, dialog
box, or task page. The following tables list the meaning of each symbol in the mini flow charts.

Table 1: Mini Flow Chart Symbol Descriptions

Symbol Indicated Action

I_CI: Look at the ribbon
e

Look at the tree

Double-click to open task page

Y
-

Select from task page

Right-click the preceding item

<

B

For example,

Setting Up Domain - Mesh - Transform - Translate...

indicates selecting the Setting Up Domain ribbon tab, clicking Transform (in the Mesh group box)
and selecting Translate..., as indicated in the figure below:
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@ Setting Up Domain | @ Setting Up Phy:

Mesh
(1 Display... J 7,’17 B scale...
Info _ Check Quality Transform
nits... Improve... Translate..l}s
Rotate...
Tree
And

3

e

I|1-'_Setup - Models - Viscous *» Model - Realizable k-epsilon

indicates expanding the Setup and Models branches, right-clicking Viscous, and selecting Realizable
k-epsilon from the Model sub-menu, as shown in the following figure:

4 @ Setup
E General
4 A Models
Y Multiphase (Off)
HS Energy (Off)
Viscous (Standard k-
BT Radiation (Off)
HY Heat Exchanger (Off

Inviscid
BY Species (Off) -
a4 BY Discrete Phase (On) aminar
> B9 Injections v Standard k-epsilon
HS Solidification & Melting (Off) Realizable k-epsilon

BY Acoustics (Off)

Standard k-omega
HS Eulerian Wall Film (Off)

. : 55T k-omega
BY Electric Potential (Off)
> Materials Other...
And
I|1-'-Setup - “v"Boundary Conditions - _—i_porous-in

indicates opening the task page as shown below:
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4 @ Setup Boundary Conditions
B General

> BE Models Zone Fiter Text @
> Materials —
> @ Cell Zone Conditions default-!nter!nr

p ;:Inf-if;ult-lntermr:ﬂlﬂ

= X o
default-int t
iq— ault-interior (interior) outlet

'I default-interior:010 (interior)
I inlet (velocity-inlet) mpmus_wt —

ii cutlet (pressure-outlet) cubstrate-wall
I£ porous-in (interior) wall

ii porous-cut (interior)
ii substrate-wall {wall)
DE wall (wall)

! Dynamic Mesh

@ Reference Values

4 Solution

5 Methods

&~ Controls

Report Definitions Phase Type ID

> Monitors mixture ~ | |interior *| 6
Cell Registers
7, Initialization [ Edit... ] [Cupy‘... ][Prnﬁles... ]

> Bl Calculation Activities [D — ]
'.j Run Calculation Display Mesh... perating -ondions...

4 @ Results Periodic Conditions...
» D Graphics [T] Highlight Zone

> E Plots

Scene
> B Animations

In this manual, mini flow charts usually accompany a description of a dialog box or command, or a
screen illustration showing how to use the dialog box or command. They show you how to quickly
access a command or dialog box without having to search the surrounding material.

* In-text references to File ribbon tab selections can be indicated using a“/” For example File/Write/Case...
indicates clicking the File ribbon tab and selecting Case... from the Write submenu (which opens the Select
File dialog box).
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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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« 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

To help you quickly identify graphical user interface items at a glance and guide you through the steps
of setting up and running your simulation, the ANSYS Fluent Tutorial Guide uses several type styles and
mini flow charts. See Typographical Conventions Used In This Manual (p. xvi) for detailed information.

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.Solving
1.4.7.Displaying Results in ANSYS Fluent and CFD-Post
1.4.8. Duplicating the Fluent-Based Fluid Flow Analysis System
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1.4.9.Changing the Geometry in ANSYS DesignModeler
1.4.10. Updating the Mesh in the ANSYS Meshing Application
1.4.11.Calculating a New Solution in ANSYS Fluent
1.4.12.Comparing the Results of Both Systems in CFD-Post

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 18.0 under Version.

5. Select this tutorial from the list.
6. Click the elbow-workbench_R180.zip link to download the input files.

7. Unzip el bow wor kbench_R180. zi p to your working folder.This file contains a folder, el bow-
wor kbench, that holds the following items:

+ two geometry files, el bow_geonetry. agdb and el bow_geonetry. stp

+ an ANSYS Workbench project archive, el bow wor kbench. 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.
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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.

1.

From the Windows Start menu, select Start > All Programs > ANSYS 18.0 > Workbench 18.0 to start a
new ANSYS Workbench session.

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.

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.
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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 highlighted).
b. Enter el bowfor the name of the analysis system.
4. Save the project.
a. In ANSYS Workbench, under the File menu, select Save.
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.

b. Inyour working directory, enter el bow wor kbench as the project File name and click the Save
button to save the project. ANSYS Workbench saves the project with a. wbhpj 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:

+ Unfulfilled (dé"TJ ) 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.
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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 re-
generated. 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 Flu-

ent finishes performing the number of iterations that you request, the Solution cell appears as Up-
to-Date.

Interrupted, Update Required ( ”f') indicates that you have interrupted an update (or canceled an
interactive calculation 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 Interrupted, Update Required.

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 ( ’Z) 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 the Workbench User's Guide.

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 18.0 - © 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 the Workbench User's Guide.

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, ANSYS
SpaceClaim Direct Modeler, 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.

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

el bow_geonet ry. agdb geometry file that is provided for this tutorial. If you do not have
access to ANSYS DesignModeler, you can use the el bow_geonet ry. st p 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).

1. Start ANSYS DesignModeler.
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In the ANSYS Workbench Project Schematic, right-click the Geometry cell in the el bow fluid flow
analysis system to display the context menu, then select New DesignModeler Geometry.... This
displays the ANSYS DesignModeler application.

2. 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
3. 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. Inthe 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 m They 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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The Tor us1 item appears in the Tree Outline view. If you want to delete this item, you can
right-click it and select Delete from the context menu that opens.

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

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

v. Select the top face (in the positive Y direction) of the elbow and click the Extrude button M
from the 3D Features toolbar.

vi. 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.

vii. 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, After clicking the Rotate icon, ™, press and hold the left mouse button and

horizontal) 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.
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Action Using Graphics Toolbar Buttons and the Mouse

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

Box zoom
After clicking the Box Zoom icon, , 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. 16).
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Figure 1.5: Elbow Main Pipe Geometry
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b. Next you will use a cylinder primitive to create the side pipe.
i. Choose Create - Primitives - Cylinder from the menubar.

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

Setting Value
BasePlane XYPI ane
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
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Setting Value
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.

0.00 100.00 {mm) /L
B 2 7 ¥

&0.00

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.
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iv. Click Generate.

0.00 100.00 {mm) /L
N 2 7 X

50.00

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. Inthe Tree Outline, open the 1 Part, 1 Body branch and select Solid.
ii. Inthe Details View of the body, change the name of the Body from Solid to Fluid.

iii. In the Fluid/Solid section, select Fluid from the drop-down list.
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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 the 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.

5. 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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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 el bow_geonet ry. agdb (or the el bow_geonetry. st p)
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 (&) 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 el bow 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.

+ To select the inlet, the Single select () mode must be active.

b. Right-click and select the Create Named Selection option.
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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

g o

Selection Mame @
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() Apply selected geometry

) Apply geometry items of same:
Size
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Apply To Corresponding Mesh Modes
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¢. Inthe Selection Name dialog box, enter vel oci t y-i nl et - | ar ge for the name and click OK.
d. Perform the same operations for:

« The smallinlet (vel ocity-inlet-small)

« The large outlet (pr essur e- out | et)

+ The symmetry plane (synmet r y).

The named selections that you have created appear under the Named Selections item in the
Outline view.

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 ( Iy ).
b. Click the elbow in the graphics display to select it.

c. Right-click, select the Create Named Selection option and name the body Fl ui d.
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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.

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

c. Expand the Quality node to reveal additional quality parameters. Change Smoothing to High.
d. Add a Body Sizing control.
i. With Mesbh still selected in the Outline tree, click the elbow in the graphics display to select it.

ii. 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
iii. In the Outline tree, click the new Body Sizing control.
iv. Enter 6e- 3 for Element Size and press Enter.

e. Click again Mesh in the Outline view and in the Details of “Mesh” view, expand the Inflation node
to reveal additional inflation parameters. Change Use Automatic Inflation to Program Controlled.

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.
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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

A E iz O E
1 Mame b’ EE" T QIREizEN ~ Type b’ ngi';:?e i~ Location
Z .ﬂ, elbow-waorkbench, whbpj 122 KB E'iTJESYS Project éxééxégiﬁ C:ATukarial_01
3 E; FFF.agdhb a8z 1MB | Geametry File éxééxégiﬁ A Tukarial_014elbow-wia
4 ||| FFF.msh A3 2 MB E:if”t Mesh gf‘égf‘ég'ﬁf A Tukarial_01elbow-wo
5 | (@) FFF.mshdb A3 2 M r[‘;':f;"b I Eﬂﬁﬂgiﬁ C:\Tukarial_01{elbow-wo
& 4\ designPoint. wbdp Z5 KB Eiﬁ: ign Point éxééxégiﬁ A Tutarial_014elbow-wi

Note the addition of the mesh files (FFF. nsh and FFF. nshdb) to the list of files. The FFF. nsh
file is created when you update the mesh, and the FFF. nshdb 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, you will set up a CFD ana-
lysis using ANSYS Fluent, then review the list of files generated by ANSYS Workbench.

1.4.5.1. Starting ANSYS Fluent

1.

In the ANSYS Workbench Project Schematic, double-click the Setup cell in the el bowfluid 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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2. 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.

a. Ensure that Serial from the Processing Options list is enabled.

b. Select Double Precision under Options.
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¢. Ensure that the Display Mesh After Reading 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.

Note

Fluent will retain your preferences for future sessions.

3. 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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1.4.5.2. Setting Up Domain

In this step, you will perform the mesh-related activities using the Setting Up Domain ribbon tab (Mesh
group).
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@ Setting Up Domain | @, Setting Up Physics

1.

Mesh
(&) Display... J {;7 k] scale...
Info . Check Quality Transform
Units... Improve...  Make Polyhedra

Note

These controls are also available in the General task page that can be accessed by clicking

the Setup/General tree item.

Change the units for length.

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.

F‘EE Setting Up Domain - Mesh - Units...

This displays the Set Units dialog box.

Set Units (el
Quantities nits Set All to
kinematic-viscosi m
I —— | default
length-inverse mm_
length-time-inverse in E]
mag-permeability [ 3 it
Mass
mass-diffusivity
rmass-flow Factor |D.DDI
mass-flow-per-depth
mass-flux Offset [
mass-transfer-rate |
mole-transferrate ~

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

a. Select length in the Quantities list.

b. Select mm in the Units list.
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2.

c. 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.

Check the mesh.

|_|:E Setting Up Domain - Mesh - Check

Note

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

Domai n Extents:
x-coordinate: mn (m
y-coordinate: mn (m
z-coordinate: mn (m

Vol ume statistics:

m ni mum vol une (nB): 1.144763e-10
maxi mum vol une (nB): 5.871098e-08
total volume (nB): 2.511309e-03

Face area statistics:

m ni mum face area (n2): 2.051494e-07
maxi mum face area (n2): 3.429518e-05

Checking mesh.......... ... .............

Done.

-2.000000e-01, nmax (M 2.000000e-01
-2.250000e-01, nmax (m 2.000000e-01
0.000000e+00, max (m = 5.000000e-02

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 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.

Review the mesh quality.

|—‘:E Setting Up Domain - Mesh - Quality

Note

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

Mesh Quality:

M ni mum Ort hogonal Quality = 1.98483e-01

(Orthogonal Quality ranges fromO to 1, where values close to 0 correspond to |low quality.)
Maxi mum Ort ho Skew = 7.19694e-01
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(Otho Skew ranges fromO to 1, where values close to 1 correspond to |low quality.)
Maxi mum Aspect Ratio = 2.05643e+01

Note

The quality of the mesh plays a significant role in the accuracy and stability of the numer-
ical 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 indic-
ating 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 the Fluent
User's Guide.

1.4.5.3. Setting Up Physics

In the steps that follow, you will select a solver and specify physical models, material properties, and
zone conditions for your simulation using the Setting Up Physics ribbon tab.

1. In the Solver group of the Setting Up Physics ribbon tab, retain the default selection of the steady pressure-
based solver.

|_‘:E Setting Up Physics - Solver

ﬁ Setting Up Domain | ﬁ Setting Up Physics User Defined |

Solver
Time Type Velocity Formulation ] -
@ Steady @ Pressure-Based @ Absolute Operating Conditions...
Transient Density-Based Relative
& Reference Values...

2. Set up your models for the CFD simulation using the Models group of the Setting Up Physics ribbon tab.

Models
ﬁ;s Radiation... E Multiphase... @ Solidify/Melt...
4| Energy . Heat Exchanger.. 3 Species... 1)) Acoustics...
"7 Viscous... ¥%1 Discrete Phase... HE More -

Note

You can also use the Models task page that can be accessed by double-clicking the
Setup/Models tree item.

a. Enable heat transfer by activating the energy equation.

In the Setting Up Physics ribbon tab, select Energy (Models group).
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Setting Up Physics -~ Models - Energy

b. Enable the k- € turbulence model.

In the Setting Up Physics ribbon tab, click Viscous... (Models group).

Setting Up Physics -~ Models - Viscous...

P

WYiscous Model

Model
) Inviscid

~ Laminar

! Spalart-Allmaras (1 eqn)

@ k-epsilon (2 egn)

) k-omega (2 egn)

) Transition k-kl-omega (3 eqn)

") Transition S5T (4 eqn)

“I Reynolds Stress (7 eqn)

) Scale-Adaptive Simulation (SAS)
) Detached Eddy Simulation (DES)
! Large Eddy Simulation (LES)

k-epsion Model
@ Standard
) RNG

) Realizable

Mear-Wall Treatment

' Standard Wall Functions

) Scalable Wall Functions

) Non-Equilibrium Wall Functions
@ Enhanced Wall Treatment

"I Menter-Lechner

) User-Defined Wall Functions

Enhanced Wal Treatment Options
[ Pressure Gradient Effects
[] Thermal Effects

Options

["] viscous Heating

["] Curvature Correction

["] Production Kato-Launder
["] Production Limiter

Model Constants

Crnu

0.09

C1-Epsilon

1.44

C2-Epsilon

1.92

TKE Prandtl Number
1

Tran m il kB L.

m

User-Defined Functions
Turbulent Viscosity

|none

Prandtl Numbers

TKE Prandtl Mumber

|nane

TDR Prandtl Number

|nane

Energy Prandtl Number

|none

Wall Prandt] Nurmber

|none

[DI{] [Cancel] [Help]
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ii. Inthe Viscous Model dialog box, select k-epsilon from the Model list.

Note

The Viscous Model dialog box will expand.

iii. Use the default Standard from the k-epsilon Model group.

iv. 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
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 the Fluent User's Guide.

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

Note that the Viscous... label in the ribbon is displayed in blue to indicate that the Viscous
model is enabled.

3. Set up the materials for your CFD simulation using the Materials group of the Setting Up Physics ribbon
tab.

Materials

W*

Create/Edit...

Create a new material called water using the Create/Edit Materials dialog box (Figure 1.14: The
Create/Edit Materials Dialog Box (p. 35)).

a. Inthe Setting Up Physics ribbon tab, click Create/Edit... (Materials group).

|—‘:E Setting Up Physics » Materials - Create/Edit...
b. Inthe Create/Edit Materials dialog box, type wat er for Name.

c. In the Properties group, enter the following values:

Property Value
Density 1000 [kg/m’]
cp (Specific Heat) 4216 [J/kg-K]
Thermal Conductivity 0. 677 [W/m-K]
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Property Value
Viscosity 8e- 04 [kg/m-s]
Figure 1.14: The Create/Edit Materials Dialog Box
= Create/Edit Materials .
Name _ Matesial Type Order Materials by
.'-'I-'ﬂte'f 'M '] @ MName
¥ Chemical Formala
2o - Fluent Fluid Materials
[water -] | FuentDatabase... |
Properties
Density (a/m3) | rstant -
[ 1000
Cp (Specific Heat) (ko) [ =
[4216
Thermal Conductivity (w/m) [—— -
[0.677
Viscosity (kg/m-s) [ ¢ =
[ 0.0008
C!wue;trtatg] Delete Close [

d. Click Change/Create.

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 materials that originally contained

only air.

I

Question

Change/Create mixture and Qverwrite air?

.

=

(e [

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 in the Create/Edit Materials dialog box and click
Change/Create to update your local copy. The original copy will not be affected.
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e. Ensure that there are now two materials (water and air) defined locally by examining the Fluent Fluid
Materials drop-down list in the Create/Edit Materials dialog box .

Note

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

f. Close the Create/Edit Materials dialog box.

4. Set up the cell zone conditions for the CFD simulation using the Zones group of the Setting Up Physics
ribbon tab.

Zones

Cell Zones

Boundaries

Profiles...

a. Inthe Setting Up Physics tab, click Cell Zones.

|—‘:E Setting Up Physics - Zones - Cell Zones

This opens the Cell Zone Conditions task page.
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Cell Zone Conditions
Zone Fitter Text @
fluid
Phase Type D
-1
Edit... [Cupy... ][Pmﬂles... ]

Parameters...

Display Mesh...

Porous Formulation
3 Superficial Velocity
Physical Velocity

[Dpemting Conditions... ]

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

i. Inthe Cell Zone Conditions task page, in the Zone list, select fluid and click Edit... to open the
Fluid dialog box.

Note

You can also double-click fluid in the Cell Zones Conditions task page or under
the Setup/Cell Zone Conditions tree branch in order to open the corresponding

dialog box.
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& Fluid .
Zone Mame
fluid
Material Name | ater ,l |EI:|.it... ]
|| Frame Motion 0 Fan Zone | | Source Terms
Mesh Maotior Laminar Zone Fixed Valies
[]Porous Zone
Feference Frame |-,-_.,| Mot --|| P |-..':-—| | I--..-'---—| Embedded LES | Reacton | Source Te Fiwed Yalue tiphase
Rotation-Axis Origin Rotation-Axis Direction
X{mm) o~ [constant | [ %o |constant -
¥ (mm) [ constant =| || ¥[o constant -
Z (mm) 0 constant - Z[y constant -

ii. Inthe Fluid dialog box, select water from the Material Name drop-down list.

iii. Click OK to close the Fluid dialog box.

5. Set up the boundary conditions for the CFD analysis using the Zones group of the Setting Up Physics
ribbon tab.

Zones
Cell Zones

Boundaries

Profiles...

a. Inthe Setting Up Physics tab, click Boundaries (Zones group).

FEE Setting Up Physics — Zones - Boundaries

This opens the Boundary Conditions task page.
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Boundary Conditions

Zone Filter Text

4 Inlet
velocity-inlet-large
velocity-inlet-small

Internal
interior-fluid

Outlet
pressure-outlet

Syrmmetry
symmetry

Wall
wall-fluid

[

1Y

[

b

Phase Type D

mixCure -1

dit... [Cupy... ][Pruﬁles... ]

Display Mesh...

[T Highlight Zone

[Dpemting Conditions... ]

Periodic Conditions...

Note

To display boundary zones grouped by zone type (as shown above), click the Toggle
Tree View button in the upper right corner of the Boundary Conditions task page
and under the Group By category select Zone Type from the drop-down list.

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

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.
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Vi.

Alternatively, you can click the probe button ( 7 ) 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.

From the Zone selection list, select velocity-inlet-large and click Edit....

B Velocity Inlet ==

Zone Mame
velocity-inlet-farge

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

Velocity Specification Methnd[Magn'rtude, Mormal to Boundary ']

Reference mee[hbsnlute ']

Velocity Magnitude (m/s) 0.4 [cnnsﬁnt ']

Supersonic/Initial Gauge Pressure (pascal) 0 [cnnsﬁnt ']
Turbulence

Specification Methn:u:l[I|'|te|'|5'rt3,r and Hydraulic Diameter v]

Turbulent Intensity (%) 5 E]

Hydraulic Diameter (mm) 100 E]

[DK] [Cancel] [Help]

In the Velocity Inlet dialog box, ensure that Magnitude, Normal to Boundary is selected for Ve-
locity Specification Method.

iii. Enter 0. 4 m/ s for Velocity Magnitude.

iv. In the Turbulence group, from the Specification Method drop-down list, select Intensity and

Hydraulic Diameter.
Retain the default of 5 9% for Turbulent Intensity.

Enter 100 mm for Hydraulic Diameter.

Note
The hydraulic diameter D, is defined as:

4A
thp_w

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

BT Velocity Inlet ==
Zone Mame
velocity-inlet-large

| Momentum | Thermal | Radiation | Species | DPM | Multiphase | Potential | uDs |

Ternperature (k) 293.15 [cunsﬂnt ']

[GK] I[lancel] IHeIpI

viii.Enter 293. 15 K for Temperature.
ix. Click OK to close the Velocity Inlet dialog box.

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

Setting Value
Velocity Specification Method Magnitude, Normal to Boundary
Velocity Magnitude 1.2 [m/s]
Specification Method Intensity & Hydraulic Diameter
Turbulent Intensity 5%
Hydraulic Diameter 25 [mm]
Temperature 313. 15[K]

Double-click pressure-outlet and set the boundary conditions at the outlet, as shown in the Pressure
Outlet dialog box.
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E Pressure Cutlet @

Zone Mame
pressure-outlet

| Momentum | Thermal | Radiation | Species I DPM | Multiphase I Potential I uDs |

Backflow Referance mee[hbsnlute v]

Gauge Pressure (pascal) 0 [cnnst,—dnt v]

Backflow Direction Specification Methud[NurmaI to Boundary v]
Backflow Pressure Spec'rﬂmtiun[Tuml Pressure ']

["] Radial Equilibrium Pressure Distribution
O Average Pressure Specification

o Target Mass Flow Rate
Turbulence

Specification rwahatl'u:u:l[Intens’rtv_.r and Hydraulic Diameter
Backflow Turbulent Intensity (%) 5

E &=

Backflow Hydraulic Diameter (mrm) 100

[DI{] [Eancel] [Help]

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.

1.4.6.Solving

In the steps that follow, you will set up and run the calculation using the Solving ribbon tab.

Note

You can also use the task pages listed under the Solution branch in the tree to perform
solution-related activities.

1. Set up solution parameters for the CFD simulation.
a. Change the Gradient method.

i. Inthe Solving ribbon tab, click Methods... (Solution group).

I_EE Solving - Solution - Methods...

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information
42 of ANSYS, Inc.and its subsidiaries and affiliates.



Setup and Solution

Solution

©

Methods...

This will open the Solution Methods task page.

Solution Methods

Pressure-\elocity Coupling
Schemea

| SIMPLE

Spatial Discretization

Gradient

[Ereen—Eauss Mode Based

Prassure

[SEcund Order

Maomentum

m

[SEcund Order Upwind

Turbulent Kinetic Energy

[First Order Upwind

Turbulent Dissipation Rate

[First Order Upwind

—

Transient Formulation

Mon-Iterative Time Advancement

Frozen Flux Formulation

Pseudo Transient

[] warped-Face Gradient Correction

[~ High Order Term Relaxation

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

b. Enable the plotting of residuals during the calculation.

In the Solving ribbon tab, click Residuals... (Reports group).

F‘EE Solving - Reports - Residuals...
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Reports
[ Residuak...
Definitions
-
Q Residual Monitors @
Opfions Eguations
[]Print to Consale Residuzl Monitor Check Convergence Absolute Criteria ~
[#]Flat confinuity = & 0.001
Window = IW 7 & IW =
| 1 = [Curves... | [ Axes... | - | 4
y-velodity 7 il Iﬁ
Iterations o Plot -
1000 [%' |Z~vel°ﬂ't!f | @ & |—u_un1 Il
Resdual Vakues Convergence Criterion
Tterations o Store 7] Normalize S |absolute -]
| 1000 ) li =
@ o —
[/ scale
| compute Local Scale
[ ok | Plot [Renommalize | | Cancel | [ Help |

In the Residual Monitors dialog box, ensure that Plot is enabled in the Options group.

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

iii. 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.

c. Create a surface report definition at the outlet (pressure-outlet).

| " Solving - Reports - Definitions — New - Surface Report - Facet Maximum
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B Surface Report Definition

Hamea
temp-outhet-0
Options

| Per Surface
Awverage Over
1 v

Report Files [0/0]

Report Plots [0/0]

<l

o

Report Type

\Far_&t Maximum
Custormn Vectors

et o

Field variable
Temperature...

4

X

Static Temperature
Surfaces Fiter Ti

[

*

symmetry

| velocity-inlet-large
velocity-inlet-small
wall-fluid

Create
¥| Repoit File
| Report Plot
Frequency 3
| Print to Console

Create Qutput Parmameter

[T Highlight Surfaces

Mew Surface -

oll

N pressure-outlet

@ [Computej _cancel] [Heb_

]
I

= -

Vi.

In the Surface Report Definition dialog box, entert enp- out | et - O for the Name.

Under the Create group, enable Report File and Report Plot.

During a solution run, ANSYS Fluent will write solution convergence data in a report file and

plot the solution convergence history in a graphics window.

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

assessing convergence.

Set Frequency to 3 by clicking the up-arrow button.

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

Select Temperature... and Static Temperature from the Field Variable drop-down lists.

Select pressure-outlet from the Surfaces selection list.

Click OK to save the surface report definition and close the Surface Report Definition dialog box.
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The new surface report definition t enp- out | et - 0 appears under the Solution/Report
Definitions tree item. ANSYS Fluent also automatically creates the following items:

« tenp-outlet-0-rfil e (underthe Solution/Monitors/Report Files tree branch)

« tenp-outlet-0-rplot (under the Solution/Monitors/Report Plots tree branch)

d. In the tree, double-click the temp-outlet-0-rfile (under the Solution/Monitors/Report Files) and ex-

amine the report file settings in the Edit Report File dialog box.

[ Edit Report File @
Name
temp-outht-0-rfis
pvaiable Report Defintions [0/0] =l |5 Selected Report Definkions [0/1] = |5
temp-outlet-0
Output File Base Name Hew =
Jitemp-outiet-0-rfile.out Browse...
Full File Mame
Get Data Every
3 - | Eerabon ull
Pnnt to Console
,H | Cancel | Help

The dialog box is automatically populated with data from the t enp- out | et - O report definition.

The report that will be written in a report file during a solution is listed under Selected Report
Definitions.

Retain the default output file name and click OK.

e. In the tree, double-click temp-outlet-0-rplot (under Solution/Monitors/Report Plots) and examine
the report plot settings in the Edit Report Plot dialog box.
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2 Edit Report Plot =5

Name
temp-outhet-0-rplot

pvaiable Report Definiions [0/0] =G Selected Report Definkions [0/1] -_7': 5
temp-outlet-0
Options
Hew = EQi
Plot Window !
2 ¥ | | Curves... | | ANes...

Get Data Every
3 + | teration -

Plot Tide temp-outiet-0-rplot

X-Axis Label| iteration T
Y-Axis Labelacet Maximum of temperature

Print. to Console

|G_—K Cancel [Fb

The dialog box is automatically populated with data from the t enp- out | et - O report definition.
As the solution progresses, the report that is listed under Selected Report Definitions will be
plotted in a graphics tab window with the title specified in Plot Title.

Retain the default names for Plot Title and Y-Axis Label and click OK.

Note

You can create report definitions for different boundaries and plot them in the same

graphics window. However, report definitions in the same Report Plot must have the
same units.

f. Initialize the flow field using the Initialization group of the Solving ribbon tab.

|—‘:E Solving - Initialization

Initialization

Method
@ Hybrid  More Settings... '
i) Standard =0

Initialize
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i. Keep the Method at the default of Hybrid.

ii. Click Initialize.

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

|_‘:E Solving - Run Calculation - Check Case

P

E Case Check @

| Mesh | Models | Boundaries and Cell Zones | Materials I Solver |

Autormatic Implermentation

Apply Recommendation

Consider realizable k-epsilon in lieu of the standard k-epsilon turbulence model. EJ
(Models: Edit Viscous)

[Apph.r] [ Close ] I Help ]

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.

2. Calculate a solution using the Run Calculation group of the Solving tab.

I_EE Solving - Run Calculation

Run Calculation
. - /
Mo. of Iterations 300 = “
Input Summary... —//
Advanced... " Check Case Calculate

a. Start the calculation by requesting 300 iterations.
i. Enter 300 for No. of Iterations.

ii. Click Calculate.

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 ex-
ample:

+ 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.
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+ The state of the Solution cell is Update Required while iterations are taking place.

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

As the calculation progresses, the surface report plot will be plotted in the graphics window
(temp-outlet-0-rplot tab window) (Figure 1.15: Convergence History of the Maximum Temper-
ature at Pressure Outlet (p. 49)).

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

= Scaled Residuals 4 temp-outlet-0-rplot [x]

204.0000
20Z2.0000
3000000 — T T T N e e e B L e e e e e e e e
u} 25 50 Fial 100 126 150 175 200 225
iteration

The residuals history will be plotted in the Scaled Residuals tab window (Figure 1.16: Residuals
for the Converged Solution (p. 50)).
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Figure 1.16: Residuals for the Converged Solution
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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.

Note that the ANSYS Fluent settings file (FFF. set ) is updated in the Files view of the ANSYS
Workbench before the calculation begins.

b. Examine the plots for convergence (Figure 1.16: Residuals for the Converged Solution (p.50) and Fig-
ure 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:
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« 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 1073, except the energy residual, for which the default criterion
is 107°.

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 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.

3. With ANSYS Fluent still running, go back to ANSYS Workbench and view the list of generated files.

View - Files

Note the addition of the surface report definition file t enp- out | et - 0. out to the list of files.

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

- A

Il ©%  Fluid Flow (Fluent)

2 i) Geometry v

3 @ Mesh v

4 @ setup v 4

5 | E Solution v o4

6 |G Results [
elbow

1.4.7.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, and then review the list of files generated by ANSYS Workbench.

1.

Display results in ANSYS Fluent using the Postprocessing ribbon tab.

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

Postprocessing - Graphics - Contours - Edit...

Note

You can also double-click the Results/Graphics/Contours tree item.

e

Contours @
Options Contours of
Filled [Veluc'rty... v]
g;jielﬁues Velocity Magnitude -
obal Range o R
Auto Rang?e Min (m/s) Max (m/s)
Cip to Range  [C 1365013
Sggﬁ ;r;:lies Surfaces Fitter Text @ @
interior-fluid
] pressure-outlet
Cobri
n Banded velocity-inlet-large
) Smooth velocity-inlet-small
s Setup wall-fluid
20 51 -

[ Dlspla}r] [ Cormpute ] [ Close ] [ Help ]

i. Inthe Contours dialog box, in the Options group, enable Filled.
ii. Ensure that Node Values is enabled in the Options group.

iii. From the Contours of drop-down lists, select Velocity... and Velocity Magnitude.

iv. From the Surfaces selection list, deselect all items by clicking @ and then select symmetry.

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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Note

You may want to clear Lighting in the Viewing ribbon tab (Display group).

b. Display filled contours of temperature on the symmetry plane (Figure 1.18: Temperature Distribution
Along Symmetry Plane (p.55)).

E Postprocessing - Graphics — Contours - Edit...
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P

Contours @

Options Contours of

Filled Temperature... v]

Mode Values

Global Range

Auto Range
Clip to Range 0 1.369013

et s EEEE
Surfaces Filter Text =7
["] Draw Mesh

interiar-fluid

Static Temperature -

Min Max

pressure-outlet

e
G Banded velocity-inlet-large
) Smooth velocity-inlet-small

wiall-fluid

Levels  Setup
20 =11 =

[ Dlsplay] [ Compute ] [ 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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c. Close the ANSYS Fluent application.

FE 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.

d. 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.

b.

Start CFD-Post.

In the ANSYS Workbench Project Schematic, double-click the Results cell in the el bow 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

File Edit Session Insert Tools Help

FHH w90 Bueen - QEASZF ¢ AHIRO xFEE NS OD# L £ uE s b _

Outine | vanables | Expressons | ca ¢ | o ([Geaae @ O 1
< |8 Cases Viewl +
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
[ 6 wireframe
# | 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 | Chactlewer | CommantVewer | Raport Viewsr |

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 ( i ) is disabled.

Display 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 (Cont our 1) and click OK to close the dialog box. This dis-
plays 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. Inthe Geometry tab, from the Domains drop-down list, select fluid.
iv. In the Locations list, select symmetry.
v. Inthe Variable list, select Velocity.

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] M
- 1.36322 [m s~-1]
Boundary Data Hybrid i@ Conservative -

Reset ][ Defaults
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Figure 1.20: Velocity Distribution Along Symmetry Plane

Le,
0 0.100 (m) n
I 00

0.050

e. Display contours of temperature on the symmetry plane (Figure 1.21: Temperature Distribution Along
Symmetry Plane (p.59)).

i. Inthe Outline tree view, under User Locations and Plots, clear the check box beside the Contour
1 object 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 (Cont our 2) and click OK to close the dialog box. This dis-
plays the Details of Contour 2 view below the Outline view.

iv. In the Geometry tab, from the Domains drop-down list, select fluid.
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v. Inthe Locations list, select symmetry.
vi. In the Variable list, select Temperature.

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 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,

5.

Save the el bow wor kbench project in ANSYS Workbench.
View the list of files generated by ANSYS Workbench.
View - Files

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

1.4.8. Duplicating the Fluent-Based Fluid Flow Analysis System

At this point, you have a completely defined fluid flow system that has 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 required. One ap-
proach 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

§ o S
2 |} Geometry v 2 | i) Geometry v
3§ Mesh v 3 @ Mesh v
4 @' Setup v 4 4 @ Setup v 4
5 | @5 Solution v 4 5 Solution I
6 @ Resuts v 6 | @ Resuts o,

elbow Copy ofelbow

Note

Notice that in the duplicated system, the state of the Solution cell indicates that the cell
requires a refresh while the state of the Results cell indicates that the cell requires atten-
tion. 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- el bow.

3. Save the el bow wor kbench project in ANSYS Workbench.

1.4.9.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.

Right-click the Geometry cell of the new el bow system (cell B2) and select Edit Geometry in
DesignModeler... from the context menu to display the geometry in ANSYS DesignModeler.

2. Change the diameter of the small inlet (vel oci ty-inl et-smal |).
a. Inthe Tree Outline, 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}
As Thing/Surfaca?

19 mm

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.

1.4.10.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 el bow 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 ANSYS Meshing

editor to regenerate the mesh.

Figure 1.25: Updating the Mesh for the Changed Geometry

- A - B
il & Fluid Flow (Fluent) 1
2 i) Geometry v 4 2 i) Geometry v 4
3 @ Mesh v 4 3 |@ wmesh —a
4 @ setup v . 4 @ setup @ ed.
5 Solution v 5 Solution 53 Duplicate
g @ Results v g @ Results Transfer Data To Mew 3
elbow new ell:u:m.| #  Update "
Update Ulﬁ'gtream Components
Refresh

Clear Generated Data
Reset
HE Rename

Properties

Quick Help
Add Note

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

1.4.11. 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.

Release 18.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 65



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

9.

In the Project Schematic, right-click the Setup cell of the new el bow system (cell B4) and select
Edit... from the context menu. Since the mesh has been changed, you are prompted as to whether
you want to load the new mesh into ANSYS Fluent or not.

-,

ANSYS Workbench ==

- \ The upstream mesh of this cell has changed. Do you want to load the
' new mesh?

Yes ] | Mo | | Cancel

Click Yes to continue, and click OK when Fluent Launcher is displayed in order to open ANSYS Fluent.

Ensure that the unit of length is set to millimeters.

| Setting Up Domain - Mesh - Units...

Check the mesh (optional).

|_:E Setting Up Domain - Mesh - Check

Revisit the boundary conditions for the small inlet.

/.

1B

I|1-'_Setup - Boundary Conditions - velocity-inlet-small Edit...

In the Velocity Inlet dialog box for velocity-inlet-small, you must set the hydraulic diameter to
38 mm based on the new dimensions of the small inlet.

Re-initialize the solution.

|_‘:E Solving - Initialization
Keep the Method at the default of Hybrid and click Initialize.

Recalculate the solution.

I_EE Solving - Run Calculation - Calculate

Keep the No. 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 el bow fluid flow system to re-open CFD-Post where you
can review the results of the new solution.

Close CFD-Post.

10. Save the el bow wor kbench 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.

1.4.12. 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 1.27: The NewResults System in the Project Schematic

-

2
3
4
5
f

A - B - C
) Geometry v 4 2 ) Geometry v 4 2 @ Resuts ¥ 4
@ Mesh v o 3| @ Mesh v 4 Results
ﬁ Setup v 4 4 @ Setup ¥ 4
Solution v 4 5 Solution v 4
@ Results v 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 1.28: Connecting the First Fluid Flow System to the New Results System

- A - B - C
2 () Geometry v 4 2 () Geometry ' 4 2 | @ Results i P
3 ﬁ Mesh v 4 3 ﬁ Mesh 4 Rezylts
4 @ setp v ., 4 @ setup v
3 Salution ¥ 4 e Solution ¥ 4
6 @ Results v 4 6 | @ Results ' 4
elbow new-elbow
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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.

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

b -
i % Fluid Flow (Fluent) i 7% Fluid Flow (Fluent)
2 () Geometry v o 2 i} Geometry v 2 @ Results i@ |
3@ Mesh v o 3 @ Mesh v 4 Resultz
4 @ setup v 4 @ setp v
5 @3 Solution v 5 @ Solution v
6 @ Results v 6 @ Results v
elbow new-elbow

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 1.30: CFD-Post with Both Fluid Flow Systems Displayed

L P 90 Brew - CEESO FAHEIP0 » HEE N OO 7 £ E s bl
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1% veall fied
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& B fusd
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T #E symmery
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% vekoaty ket smal
T wall fuid
4 g User Locations and Plots
ol Cefaudi Trarsform
[+ [} Defout Legend view 1
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[¥] i Tide Peagm
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[¥] i MashReport
4 13 Physics Report 0 0100 (m) ¥ ] 0.100 (m)

15 Sohuticr Pepert I . | .
[# [A] User Datn

o ] Display Properties and Defaults
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0 Viewsr | TableViewsr | ChartViewsr | Commentiiewsr | ReportViewsr |

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 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 (Cont our 1) and click OK to close the dialog box. This dis-
plays 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, from the Domains list, select fluid.
iv. In the Locations list, select symmetry.
v. Inthe Variable list, select Velocity.

vi. Click Apply.The velocity contours are displayed in each view.

Note

To better visualize the velocity display, you can clear the Wireframe view option under
User Locations and Plots in the Outline tree view.
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Figure 1.31: CFD-Post Displaying Velocity Contours for Both Geometries
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c. Display contours of temperature on the symmetry plane.

i. Inthe Outline tree view, under User Locations and Plots, deselect the Contour 1 object to hide
the first contour display in CFD-Post.

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

iii. Keep the default name of the contour (Cont our 2) and click OK to close the dialog box. This dis-
plays 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 1.32: CFD-Post Displaying Temperature Contours for Both Geometries

View 1l » elbow - ] View2 = newelbow -

Close the CFD-Post application.
Save the el bow wor kbench 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, and so on. 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, and so on, 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. This HVAC system is symmetric,
so the geometry has been simplified using a plane of symmetry to reduce computation time.
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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

Ex:llleajll:gar / - 5

2.4.Setup and Solution

To help you quickly identify graphical user interface items at a glance and guide you through the steps
of setting up and running your simulation, the ANSYS Fluent Tutorial Guide uses several type styles and
mini flow charts. See Typographical Conventions Used In This Manual (p. xvi) for detailed information.

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
2.4.5.S0olving
2.4.6.Postprocessing and Setting the Output Parameters in ANSYS CFD-Post
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2.4.7.Creating Additional Design Points in ANSYS Workbench
2.4.8.Postprocessing the New Design Points in CFD-Post
2.4.9.Summary

2.4.1.Preparation

To prepare for running this tutorial:

1.

2.

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

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.

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

b. Click 18.0 under Version.

Select this tutorial from the list.
Click the workbench-parameter-tutorial_R180.zip link to download the input files.
Unzip the wor kbench- par anmet er-tut ori al _R180. zi p 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 |l 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.
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1. From the Windows Start menu, select Start > All Programs > ANSYS 18.0 > Workbench 18.0 to start
ANSYS Workbench.

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 f | uent - wor kbench- par am wbpz,
and click Open.

The Save As dialog box appears.

b. Browse, if necessary, to your working folder and click Save to restore the project file, f | uent - wor k-
bench- par am wbpj ,and a corresponding project folder, f | uent - wor kbench- param fil es,
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 (f | uent - wor kbench- par am 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 the Workbench User's Guide.

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

+ 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 f t pos 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 Wsf pos 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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5. In the Outline of All Parameters view, create three new named input parameters.

a. Inthe row that contains New input parameter, click the parameter table cell with New name (under
the Parameter Name column) and enter i nput _hcpos. Note the ID of the parameter that appears
in column A of the table. For the new input parameter, the parameter ID is P4.In the Value column,
enter 15.

b. Ina similar manner, create two more parameters named i nput _f t pos and i nput _wsf pos.In the
Value column, enter 25, and 90 for each new parameter (P5 and P6), 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
m n( max( 25, P4), 90) .This puts a constraint on the value of hcpos, so that the value always remains
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, m n(P4, 90)).

After defining this expression, the parameter becomes a derived parameter that is dependent on
the value of the parameter i nput _hcpos with ID 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.

Important

When entering expressions, you must use the list and decimal delimiters associated with
your selected language in the Workbench regional and language settings, which corres-
pond to the regional settings on your machine. The instructions in this tutorial assume

un

that your systems uses “." as a decimal separator and “,” as a list separator.
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Figure 2.8: Constrained Parameterhcpos
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7. Select the row or any cell in the row that corresponds to the f t pos parameter and create a similar expression
forf t pos:m n( max(20, P5), 60).
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Figure 2.9: Constrained Parameterf t pos
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8. Create a similar expression for wsf pos:ni n( max( 15, P6), 175).
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Figure 2.10: Constrained Parameterwsf pos

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 Qutline Ca: P3

A B
Property Value

Expression min{max{15,P&),175)

Description

Error Message
Expression Type
Usage

Quantity Name

Derived
Input
Dimensionless

GO [ =) [ |en [ | Ba | M| =

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, ft pos, and wsf pos 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.

In the main menu, select File - Save
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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.

2.4.3.1. Starting 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

g )

E Fluent Launcher (Setting Edit Only) EI@

ANSYS Fluent Launcher

Dimensian Options
20 Daouble Precision
ab bdeshing Mode
Display Options Frocessing Options
4| Display Mesh After Reading @ Serial
| 'Workbench Calor Scheme Farallel

Da not shaw this panel again

ACT Option
Load ACT

[#] Show bore Cptions

04 ]| Cancel | | Help -

1. 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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a. Ensure that the Display Mesh After Reading 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.

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

Note

Parallel processing offers a substantial reduction in computational time. Refer to Intro-
duction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 121)
in this manual and the Fluent User's Guide for further information about using the
parallel processing capabilities of ANSYS Fluent.

c. Ensure that the Double Precision option is disabled.

Note

Fluent will retain your preferences for future sessions.

2. Click OK to launch ANSYS Fluent.
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Figure 2.12: The ANSYS Fluent Application

I3 &0Fhaid Flosw (FLUENT) Flugrt. (34, plirs, lam| [AMSYS Mechanical CFD] [E=8|S=0 ==
eRa AT
I & coircovan |8 SeergUpPhvecs  UmerDefred Wl Soking @ Postpocemeg | Vewnp  Pankd  Desgn @ e E.
Hish Tanss Interinces Hish Madalu Adsat
D Dy, o 7 sk Combine _ Dalere Append B Dyramc Hesh kAot Cels
Infa Chisek Cualty Transfarm deparats _ Deactiats...  Aeplice Mesh... Miryg Hanes... B Manage esgates... e
L. Iidwh... Miki Pokhisdin Afjacencg..  Berwald,..  Meplice Fone.. Turbsa Tapaksgy... Haig | i
Trisd Task Paga i [« ]
» 1 e "
W Medehs M . . )
5 Puterials | Sk | Chck  [Report Quaity|
& Cell Tane Conditiar | el |
B Beundary Conditiar
B Dymirric Mesh Balte #
& Prlereres Vakies Trpa \aloedy Formuiatian
o Gl Sokeinsn @ Prasure-Based i Ahskie
By Bethadk Densty-Based Rokie L
# Cantnahb
I Repant Difiritiarm T R
Bl Menitzn & Sready .
Bl Call Regiiters Transarnk 1)
B, Intidization iy )
A Caeuatian Aethitie - : m //-’
2} Aun Caeudution [ Gty | unda... | g
# g Al ]
) Graphics Consle & x
El:lh.n i |Hale | Serting wsll-hesr-sachengsr (Riscups) ... Dare. -
m Anmaiem Satting wall-central-unit [mixtuse) ... Dooa.
@ Reparty BerTing FYMRETIy-teACIAl-unic (RANGUDE) ... DODE.
L *F.um&Em“h.ﬁm Satiing sysmeioy-evapooabor Edxtuse) ... Dorw.

Berting eymmeTry-heac-eachenper (RdXTure) ... Dome.
Zatting intecior-fluid-cenbral-unib-floid-beet-sxchanger faixtore| ... Coon.
Barting incericc-fluid-cencral-unic-flold-eveporetor {EiKTare| ... Coae.

Dare.

Prepering mesh for displey...
Dcra..

2.4.3.2. Setting Up Physics

1. In the Solver group of the Setting Up Physics ribbon tab, retain the default selection of the steady pressure-
based solver.

FE Setting Up Physics - Solver

| @4 setting Up Domain | @ Setting Up Physics User Defined ||—ﬂ

Solver
Time Type Velocity Formulation
i@ Steady @ Pressure-Based @ Absolute
() Transient ) Density-Based ") Relative

Operating Conditions...

d® Reference Values...

2. Set up your models for the CFD simulation using the Models group of the Setting Up Physics ribbon tab.

'f_fﬂ Radiation... E Multiphase... @ Solidify/Melt...
Energy . Heat Exchanger.. (3 Species... 1)) Acoustics...
7 Viscous... P& Discrete Phase... HS More -
Models

a. Enable heat transfer by activating the energy equation.
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In the Setting Up Physics ribbon tab, select Energy (Models group).

Setting Up Physics -~ Models - Energy

b. Enable the k- € turbulence model.

Setting Up Physics -~ Models - Viscous...

E Viscous Model

Model

_ Inviscid

' Laminar

" Spalart-Allmaras (1 egn)

@ k-epsilon (2 eqn)

") keomega (2 eqn)

~! Transition kkl-omega (3 eqn)
" Transition S5T (4 eqn)

) Reynolds Stress (7 eqn)

Model Constants

Crmu

0.09

C1-Epsilon

1.44

C2-Epsilon

1.92

TKE Prandtl Mumber

| Scale-Adaptive Simulation (SAS) 1

") Detached Eddy Simulation (D
" Large Eddy Simulation (LES)

k-epsion Model
@ Standard
) RNG

(O Realizable

Mear-Wal Treatment

*) Standard Wall Functions

~) Scalable Wall Functions

' Mon-Equilibrium Wall Function
@ Enhanced Wall Treatment

) Menter-Lechner

*) User-Defined Wall Functions

Enhanced Wal Treatment Optio
[C] Pressure Gradient Effects
[] Thermal Effects

Options

[T] Viscous Heating

["] Curvature Correction

["] Production Kato-Launder
["] Production Limiter

ES) TOR Prandtl Number

1.3

Energy Prandtl Number
0.85

Wall Prandtl Number

m

User-Defined Functions
Turbulent Viscosity

|none

= Prandtl Nurmbers

TKE Prandtl Number

|none

TDR Prandtl Mumber

ns [I'IDI'IE'.'

Energy Prandtl Number

|none

Wall Prandtl Mumber

|none

[DK] [Cancel] [Help]

i. Select k-epsilon (2 eqn) from the Model group box.

ii. Select Enhanced Wall Treatment from the Near-Wall Treatment group box.
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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 the Fluent User's Guide.

iii. Click OK to retain the other default settings, enable the model, and close the Viscous Model dialog

box.

Note that the Viscous... label in the ribbon is displayed in blue to indicate that the Viscous
model is enabled.

3. Define a heat source cell zone condition for the evaporator volume.

|_‘:E Setting Up Physics — Zones - Cell Zones

a.

b.

C.

Note

All cell zones defined in your simulation are listed in the Cell Zone Conditions task page
and under the Setup/Cell Zone Conditions tree branch.

In the Cell Zone Conditions task page, under the Zone list, select fluid-evaporator and click Edit...

to open the Fluid dialog box.

= Fiuid =%

Zona Name
fuid-evaporator

Matesial Name | air = | | EdK...
Frarné Mation 30 Fan Zone |¥) Source Terms
| Laminar Zone Foced Valuaes
Porous Zone

Reference Frame | Mesh Mot 7 D Fan Zone | Embedded LES | React Source Tenms

Mass () sourcas Edit...

¥ Mafmanturm 0 sources Edit....

Y Momentum 0 spurces Edit...

I Momenturm [ sounces Edit...

Tsbilent Kinakic Engngy 0 sourdis Edit....
Turbulent Dissipation Rabe 0 sources Edit...

Energy 1 source Edit.... |

0K | Cancel| Hep

In the Fluid dialog box, enable Source Terms.

In the Source Terms tab, click the Edit... button next to Energy.
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E Energy sources @
Mumnber of Energy sources [ (=]
(=)
L {wim3) _7g7401.6 constant -|

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

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

e. 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 com-
puted earlier.

f. Click OK to close the Energy Source dialog box.

g. Click OK to close the Fluid dialog box.

2.4.4.Defining Input Parameters in ANSYS Fluent

You have now started setting up the CFD analysis using ANSYS Fluent. In this step, you will define
boundary conditions and input parameters for the velocity inlet.

1. Define an input parameter called i n_vel oci t y for the velocity at the inlet boundary.

a. Inthe Setting Up Physics tab, click Boundaries (Zones group).

|_‘:E Setting Up Physics — Zones - Boundaries

This opens the Boundary Conditions task page.

Note

All boundaries defined in the case are also displayed under the Setup/Boundary
Conditions tree branch.

b. Inthe Boundary Conditions task page, click the Toggle Tree View button (in the upper right corner),
and under the Group By category, select Zone Type. This displays boundary zones grouped by zone

type.

c. Under the Inlet zone type, double-click inlet-air.
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Velocity Inlet ==
Zone Mame
inlet-air

| Momentum | Thermal | Radiation | Species I DPM | Multiphase I Potential I uDs |

Velocity Specification Methnd[Magn'rtude, Mormal to Boundary v]
Reference mee[hbsnlute v]
Velocity Magnitude (m/fs) 0.5 [il’l_\fE|DCitj‘ v]
Supersonic/Initial Gauge Pressure (pascal) 0 [cunsﬁnt v]
Turbulence

Specification r~-1eth|:u:|[Interm'rtj.r and Hydraulic Diameter *]

Turbulent Intensity (%) 5 E]

Hydraulic Diameter (m) 0.061 E]

[DI{] [Cancel] [Help]

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

This displays the Input Parameter Properties dialog box.

-

E Input Parameter Properties @

Marme

| in_elacity

Current Yalue (m/fs)
| 0.5

Used In;

[ ok | [Cancel] [Help ]

e. Enteri n_vel oci ty for the Name, and enter 0. 5 m/s for the Current Value.
f. Click OK to close the Input Parameter Properties dialog box.

g. Under the Turbulence group box, from the Specification Method drop-down list, select Intensity
and Hydraulic Diameter.

h. Retain the value of 5 % for Turbulent Intensity.

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc.and its subsidiaries and affiliates. 93



Parametric Analysis in ANSYS Workbench Using ANSYS Fluent

i. Enter 0. 061 for Hydraulic Diameter (m).

2. Define an input parameter called i n_t enp for the temperature at the inlet boundary.

-

3 Velocity Inlet 5]

Zone Name
inlet-air

Momentum | Thermal | Radiation I Species | DPM I Multiphase | Potential | uDs |

Temperature (k) 310 [in_temp *]

[Dl{] [Cancel] [Help]

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

b. Enteri n_t enp for the Name and enter 310 K for the Current Value in the Input Parameter
Properties dialog box.

c. Click OK to close the Input Parameter Properties dialog box.
d. Click OK to close the Velocity Inlet dialog box.

3. Review all of the input parameters that you have defined in ANSYS Fluent under the Parameters & Cus-
tomization/Parameters tree branch.

Ff=. Parameters & Customization - Parameters — Input Parameters

Figure 2.13: The Input Parameters Sub-Branch in ANSYS Fluent

-ﬁl Parameters & Customization
—-I5d Parameters

=-Ipd Input Parameters

L Ipd in_temp (310K)
- L.Ipd in_velocity (0.5 m/s)
.-[pd Output Parameters

----- Jx Custom Field Functions

User Defined Functions

----- J¢ User Defined Scalars

----- & User Defined Memory
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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 Work-
bench (p. 95)).

Figure 2.14: The Parameters View in ANSYS Workbench

Outline of All Parameters * 1
A B C D
i D Parameter Mame Value Unit
2 E InputParameters
3 = B3 Fluid Flow (FLUENT) (A1)
4 [}p P1 hcpos 25
5 b P2 ftpos 25
& Fp P3 wsfpos an
7 b r7 in_velodty 0.5 ms~-1 =
8 b P9 in_temp 310 K =
g [}p P4 input_hcpos 15
10 [}p P5 input_ftpos 25
11 [}p P& input_wsfpos a0
3 [}p Mew input parameter MNew name Mew expression
13 E Output Parameters
* p:| Mew output parameter Mew expression
15 Charts

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

a. Inthe Boundary Conditions task page, type out | et in the Zone filter text entry field. Note that as
you type, the names of the boundary zones beginning with the characters you entered appear in the
boundary condition zone list.

Note

+ The search string can include wildcards. For example, entering * | et * will display all zone
names containing | et ,such asi nl et andout| et .

+ To display all zones again, click the red X icon in the Zone filter.

b. Double-click outlet-front-mid.
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P "

E Pressure Cutlet @

Zone Mame
outlet-front-rmid

| Momentum | Thermal | Radiation | Species I DPM | Multiphase I Potential I uDs |

Backflow Referance mee[hbsnlute v]

Gauge Pressure (pascal) 0 [cnnst,—dnt v]

Backflow Direction Specification Methud[NurmaI to Boundary v]
Backflow Pressure Spec'rﬂmtiun[Tuml Pressure ']

["] Radial Equilibrium Pressure Distribution
O Average Pressure Specification

o Target Mass Flow Rate
Turbulence

Specification rwahatl'u:u:l[Intens’rtv_.r and Hydraulic Diameter
Backflow Turbulent Intensity (%) 5
Backflow Hydraulic Diameter (m) 0.044

E &=

[DI{] [Eancel] [Help]

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

d. Retain the value of 5 for Backflow Turbulent Intensity (%).
e. 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.

f. Click OK to close the Pressure Outlet dialog box.

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

3

@

I|1-'_Setup - Boundary Conditions - outlet-front-mid Copy...
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P )

B Copy Conditions (]

=

From Boundary Zone Filter =8| |, To Boundary Zones Fiter Text 3 = |5

interior-fluid-central-unit-fluid-heat-excha... = || outlet-foot-left

interior-fluid-evaporator
interior-fluid-heat-exchanger = | | outlet-windshield

+ Qutlet |
outlet-foot-left

outlet-front-side- left
outlet-windshield

Copy () (i

i. Confirm that outlet-front-mid is selected in the From Boundary Zone selection list.
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. Close the Copy Conditions dialog box.

h. 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

2.4.5.Solving

In the steps that follow, you will set up and run the calculation using the Solving ribbon tab.

Note

You can also use the task pages listed under the Solution branch in the tree to perform
solution-related activities.

1. Set the Solution Methods.

I_U Solving - Solution -, Methods...
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Solution

ko,
Methods...

This will open the Solution Methods task page.

Solution Methods
Pressure-Velocity Coupling

Scheme

[Cnupled v]
Spatial Discretization

Gradient it
[Least Squares Cell Based v]
Precsure

|PRESTO! v |
Momentum E
[First Order Upwind v]
Turbulent Kinetic Energy

[First Order Upwind v]
Turbulent Dissipation Rate B
[First Order Upwind v]

Transient Formulation

Mon-Iterative Time Advancement
Frozen Flux Formulation

["] pseudo Transient

["] warped-Face Gradient Correction

["] High Order Term Relaxation

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

b. In the Spatial Discretization group box, configure the following settings:

Setting Value
Pressure PRESTO!
Momentum First Order Upwind
Energy First Order Upwind
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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.

2. Initialize the flow field using the Initialization group of the Solving ribbon tab.

Solving - Initialization

Initialization

Method
@ Hybrid  More Settings... '
Standard t=0
Initialize

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

3. Run the simulation in ANSYS Fluent from the Run Calculation group of the Solving tab.

| Solving - Run Calculation

Run Calculation

/

Inout S Mo. of Iterations 1000 |5 “&

nput Summary... —/
Advanced... ' Check Case Calculate

a. For Number of Iterations, enter 1000.
b. Click the Calculate button.
The solution converges within approximately 55 iterations.

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 sol ve/ set/ f | ow war ni ngs
text user interface (TUl) command to no in the console.

4. Close Fluent.

|_:E File ~ Close Fluent

5. Save the project in ANSYS Workbench.
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File -~ Save

2.4.6.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.

Figure 2.15: The Automotive HVAC Geometry Loaded into CFD-Post

Fie Edit Sesson  Irsert Tools  Mep
ﬁa%ﬂ_ﬂ Ne Dueos - SEESZT HLALHSPO xFBENS OO S ddds= B
outne | ebis | Bgresmcrs [ coatan [Rebe] |4 [Hea@Q® @ O B

+ @ cones 21 Wewn -
4 ] Fluiel Pl FLUENT F
# @ fud oerrel unit A
| T
71 BE miterior S central unit Aud evapanator fud
I tenes st central unt Aud heat exchurger |
[T cutiet foct left
I utiet frant md
1B cutiet front mde left ,

q m "

o 0200 {m) D’L-
[ — ¥

0100

| mvewer [ Tatie viewer | Crartvewer | Comment Vewer | Report ewer |

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.
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| Object Highlighting

Type Surface Mesh

Pre-generate region highlight

Background

Mode | Color - |

Color Type | Salid

Color | | ‘:l

ANSYSLogo | White -

rext coior |, | |
o | Axis Visibility
| Ruler Visibility

Stereo

Mode Mormal

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

For stereo viewing to wark, yvou need to turn on 'Sterea’ in your graphic card, have a display that supports stereo, and ensure
that your view is set to Perspective mode (Right-dlick in viewer = Projection = Perspective],

b. Under the Background group, from the Color Type drop-down list, select Solid.

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. In the Outline tree view, double-click Default Legend View 1 to display the Details view for

the default legend to be used for your plots.

b. In the Definition tab of the Details view, from the Title Mode drop-down list, select Variable.
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Details of Default Legend Yiew 1

Title Mode ['u'arial:ule -
Show Legend Units

@ vertical (71 Horizonktal

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 + |Fixed - ]
Walue Ticks 5 =

Fonk [Sans Serif - ]
Calor Maode [DEFauII: = ]
Colaur | |

Text Rokakion 0O

Text Height n.024

d. Click Apply to set the display.

3. Plot vectors colored by pressure.

=%

a. From the main menu, select Insert - Vector or click e in the ANSYS CFD-Post toolbar.
This displays the Insert Vector dialog box.

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

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

Geometry | Calor | Symbol

Render | =] |

Dornains [F'.ll Domains v] []
Definition
Locations [svmmetry central unit v] D
Sampling [Equally Spaced

# af Poinks 10000

-]

-

) (i)

@ Conservakive

Yariable "u'eln:n:it-:.f
Boundary Daka Hybrid
Projection [Tangential

-]

i. Ensure All Domains is selected from the Domains drop-down list.

ii. From the Locations drop-down list, select symmetry central unit.

iii. From the Sampling drop-down list, select Equally Spaced.

iv. Set the # of Points to 10000.

v. From the Projection drop-down list, select Tangential.

In the Color tab, configure the following settings.

Details of Yector 1

Geometry | Colar | Syrmbl |

Render | Wig |

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

Min urkrown

M uniknown
Boundary Daka Hybrid 31 Conseryvative
Colar Scale [Linear = ]

Colar Map [DeFauIt [RLainbow) - ]

Undef, Color | | [E

i. From the Mode drop-down list, select Variable.
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ii. From the Variable drop-down list, select Pressure.

e. In 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.
f. 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. 105).

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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Select Velocity from the Variable drop-down list.
The velocity vector plot appears on the symmetry-central-unit symmetry plane.

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

a.

4. Plot vectors colored by velocity.
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Figure 2.17: Vectors Colored by Velocity
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5. Plot vectors colored by temperature.

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

a.

Select Temperature from the Variable drop-down list.

Select User Specified from the Range drop-down list.

Enter 273 Kfor the Min temperature value.

iv. Enter 310 K for the Max temperature value.

v. 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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Vectors Colored by Temperature

Figure 2.18
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With the Outline tree view open in the CFD-Post tree view, open the Insert Surface Group dialog
Release 18.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information

box.
Insert - Location - Surface Group

Create a surface group consisting of all outlets.

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.
are created in CFD-Post that will represent all of the 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

Surface groups are collections of surface locations in CFD-Post. In this tutorial, two surface groups
numerical value at that surface.

a.

6. Create two surface groups.
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@ Insert Surface Group @

Mame alloutlets

Cancel

ii. Enteral | outl et s for the Name of the surface group, and click OK to close the Insert Surface
Group dialog box.

iii. In the Details view for the al | out | et s surface group, in the Geometry tab, click the ellipsis icon

E next to Locations to display the Location Selector dialog box.

- =

@ Location Selector @

4 Fluid Flow FLUENT
I+ inletair

% interior fiuid central unit fluid evaporator fluid central unit

jI interior fluid central unit fluid evaporator fluid evapaorator

% interior fluid central unit fluid heat exchanger fluid central unit
ji interior fluid central unit fluid heat exchanger fluid heat exchanger
I+ outlet foot left

% outlet front mid

% ocutlet front side left

% ocutlet windshield

P+ symmetry central unit

jI symmeiry evaporator

ji symmetry heat exchanger

J% wal central unit

I+ wal evaporator

Ix wall ftpos

P+ wal hepos

J% wal heat exchanger

% wallinlet fiow diverter

IE wall wsfpos

| % || Conce

iv. Select all of the outlet surfaces (outl et foot left,outlet front mid,outlet front
side left,andoutl et w ndshi el d)inthe Location Selector dialog box (hold Ctrl for
multiple selection) and click OK.

v. Click Apply in the Details view for the new surface group.
al | out | et s 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 front out | et s
with locations for the front outlets (outl et front nmidandoutlet front side |eft).

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. Enterfl out front for the Name of the expression and click OK to close the Insert Expression
dialog box.

Details of floutfront

Definition | Flot | Evaluate |

-{massFlow() @frontoutlets) =2

Value -0.000264112 [kg 5°-1]

Apply Reset

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

-(massFlowm ) @rontoutl ets)*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.

Create an expression for the mass flow from the wind shield.
i. Perform the same steps as described above to create an expression called f | out wi ndshi el d
with the following definition:

- (massFl owm ) @ut | et wi ndshi el d)*2

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

Create an expression for the mass flow from the foot outlets.
i. Perform the same steps as described above to create an expression called f | out f oot with the
following definition:

-(massFlowm ) @utl et foot left)*2
ii. Right-click the new expression and select Use as Workbench Output Parameter from the context
menu.

Create an expression for the mass weighted average outlet temperature.
i. Perform the same steps as described above to create an expression called out | et t enp with the
following definition:

massFl owAveAbs( Tenperature) @l |l outlets

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

8. Close ANSYS CFD-Post.

10.

11.

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

In the Outline of All Parameters view of the Parameter Set tab (double-click Parameter Set), 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.

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.

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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r

Figure 2.19: The Updated Project Loaded into ANSYS Workbench Displaying the Files View
param - Workbench

T}

File Wiew Took Units Extensions Jobs  Help
EEEE Praject ° [pd Parameter Set X

iﬂaf_ |_ Reconnect 2] RefreshProject F Update Project # # Update Al Design Points | B ACT Start Page

“oobox N oecischereee

B Analysis Systems |
[ Fuid Flow (Fluent)

H IC Engine (Fluent) ~

= Throughflow 'l = Fuid Flaw (FLUENT)

= Thraughflew (EladeGen) 2 [ ceomery v .

B Component Systems 3@ Mesh o

B Design Exploraon 4 ﬂ Setup v,

B Edemnal ConnedtionSystems 5 ﬁ Sohstion s,
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Fluid Flow [FLLIENT)

| t‘p:' Parameter Sat

A B [ o
i Hame | Ce.. * | Ske - Type -
2 | N fuentwaorkbench-param.wbp) 135KB | Workbench Projact File
3 | gl Geom.agdh AZ IME | Geomelry Fie
4 |@ FrRagh A2 IMB | Geometry Fie
5 |__| FrF.mshdb A3 ZEME | .mshdb
§ |_| FFFmen A3 A4 TAME | Fuent Mesh File
7 | BN FFF.oet Ad 21TKE | FLUENT Model Flie
B FFF-1.ca5.52 AS IOME | FLUENT Case Fie
5 | BN FFF-100055.dat.gz a5 36MB | FLUENT Data File
10 ﬁ Fluid Flow FLUENT st AS 4 KE | CFD-Post Stale File
11 | "%, desgrfont.wbip 59K | Workbench Design Poin
12 || reporboml WKE | el
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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 ribbon tab.

2.4.7.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
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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.

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 (DP0),
along with its corresponding input and output parameter values.

Figure 2.20: Table of Design Points (with DPO)

A 8 C D E F G H I
i Hame * Pl-hepos v | P2-fipos ~ | P3i-wafpos ~ | Pd-input_bepos v | PS-irpul_fipos v | PE-imput_wsfpos v | PP -in_velodty *  PE-in_temp
2 Urits S =« -

3 0P D (Current) | 25 25 S0 15 5 S0 0.5 310
=

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 (DPO).
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 Retain column in the table of design points, and ensure
the check box in the row for the duplicated design point DP 1 (cell N4) is selected.

This allows the data from this new design point to be saved before it is exported for future
analysis.

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 its data retained.
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:

i nput _hcpos i nput _ftpos i nput_wsfpos |in_velocity in_tenp
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)

Table of Design Points

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

5. 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.

6. Export the design points to separate projects.
This will allow you to work with calculated data for each design point.
a. Select the three design points, DPO, DP1,and DP2 (hold Shift for multiple selection).
b. Right-click the selected design points and select Export Selected Design Points.

Note the addition of three more ANSYS Workbench project files (and their corresponding
folders) in your current working directory (f | uent - wor kbench- par am dp0. wbpj,

fl uent - wor kbench- param dpl. wbpj and f | uent - wor kbench- param dp2. wopj ).
You can open each of these projects up separately and examine the results of each para-
meterized simulation.

Tip

You can easily access files in your project directory directly from the Files view by
right-clicking any cell in the corresponding row and selecting Open Containing
Folder from the menu that opens.

7. Inspect the output parameter values in ANSYS Workbench.
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10.

1

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: f | out front, f| out f oot , f | out wi ndshi el d, and
out | et t enp). 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 DPO, DP1, and
DP2)

Table of Desgn Poinks

B E F G H I 1 K L L
1 - o Hl B4- P5- - P& - - m_”_ <l M- | ma- B - O T
2 Liniks _ [ ms=-1 i I = sl | kg 51 kg 51 K
3 | DPOCusment) 15 25 ] 0.5 30 000026376 | 0.0011235 0.01015 20234
s |DPi1 45 45 45 0.6 30 9.578E-05 | 00071258 00050084 | 284.08
5 oP2 50 &0 15 Q.7 20 0.001467%08 0.0081413 0.0054 1658 X1

Click the Project tab, just above the ANSYS Workbench toolbar to return to the Project Schematic.
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 exported them.

Save the project in the current state in ANSYS Workbench.

In the main menu, select File - Save.

. Quit ANSYS Workbench.

In the main menu, select File - Exit.

2.4.8.Postprocessing the New Design Points in CFD-Post

In this section, 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 f | uent - wor kbench- par am dp1. wopj
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 Kand 310 K respectively.
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Figure 2.23: Vectors Colored by Temperature (DP1)
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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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Vectors Colored by Pressure (DP1)

Figure 2.24
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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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Vectors Colored by Velocity (DP1)

Figure 2.25

_____“
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Close CFD-Post to quit ANSYS CFD-Post and return to the ANSYS Workbench Project Schematic,

f.  When you are finished viewing results of the design point DP1 in ANSYS CFD-Post, select File -
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 f | uent - wor kbench- par am dp2. wopj

file to open ANSYS Workbench.

clicking the Results cell in the Project Schematic for the Fluid Flow

b. Open CFD-Post by double

(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 setto 273 Kand 310 K respectively.

Figure 2.26

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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from ANSYS Workbench

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

2.4.9. 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
120
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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 in Serial
3.5.Setup and Solution in Parallel
3.6.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 the serial version of 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.

+ Create a surface report definition 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.

* Run the ANSYS Fluent solver in parallel.
3.2.Prerequisites

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

The problem to be considered is shown schematically in Figure 3.1: Problem Specification (p. 122). A

cold fluid at 20° C flows into the pipe through a large inlet, and mixes with a warmer fluid at 40° C that
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

| -4 Dia. =]

Density: p = 1000 kg/m®

Viscosity: = 8 x 10 Pa-s
Conductivity: k = 0.677 Wim-K "
Specific Heat: C, = 4216 J/kg-K

U, =0.4mfs
T=20°C
I=5% | A
E 3Il
DR
U,=1.2mls
T=40°C
| = 5%

3.4.Setup and Solution in Serial

To help you quickly identify graphical user interface items at a glance and guide you through the steps
of setting up and running your simulation, the ANSYS Fluent Tutorial Guide uses several type styles and
mini flow charts. See Typographical Conventions Used In This Manual (p. xvi) for detailed information.

The following sections describe the setup and solution steps for running this tutorial in serial:
3.4.1.Preparation
3.4.2.Launching ANSYS Fluent
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3.4.3.Reading the Mesh

3.4.4.Setting Up Domain

3.4.5.Setting Up Physics

3.4.6.Solving

3.4.7.Displaying the Preliminary Solution
3.4.8.Using the Coupled Solver

3.4.9. Adapting the Mesh

3.4.1.Preparation

1.

2.

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

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.

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

b. Click 18.0 under Version.

Select this tutorial from the list.
Click the introduction_R180.zip link to download the input files.

Unzip thei nt roduct i on_R180. zi p file you downloaded to your working folder. This file contains a
folder,i nt roduct i on,that holds the file el bow. nmsh that you will use in 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 and/or graphics card.

3.4.2.Launching ANSYS Fluent

1.

From the Windows Start menu, select Start > All Programs > ANSYS 18.0 > Fluid Dynamics > Fluent
18.0 to start Fluent Launcher.

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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e

E Fluent Launcher E'@
ANSYS Fluent Launcher

Dirmensgian Options

20 Double Precizion
@ D kezhing Mode
Dizplay Optionz Froceszsing Options
| Dizplay Mesh After Reading @ Senal
| Warkbench Calor Scheme Parallel
ACT Option

Load ACT

| Show kore Options

[ ] ]l Drefault || Caricel || 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.

c. Ensure that the Display Mesh After Reading 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.

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 folder to the one created when you unzipped i nt r oduct i on_R180. zi p.
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a. Click the Show More Options button to reveal additional options.

b. Enter the path to your working folder 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

E Fluent Launcher E'@
ANSYS Fluent Launcher

Dimenszion Options

20 Double Precizion
@ D b ezhing Mode
Dizplay Optionz Frocessing Options
| Dizplay Mesh After Reading @ Serial
| Workbench Color Scheme Farallel
ACT Option

Load ACT

[=] Show Fewer Option:

General Options Parallel Settings Scheduler E nwironment

Werzion

pateters - PresPost Only

Wiorking Directory

C:ATutanalshintraduction - | ﬁl

Fluent F oot Path
C:AProgram FileshAMSY'S InchadSd Huent - | 5

[1ze Journal File

k. ]l Drefault || Caricel || Help -

4. Click OK to launch ANSYS Fluent.
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3.4.3.Reading the Mesh

1. Read the mesh file el bow. nsh.

Click the File ribbon tab, then click Read and Mesh... in the menus that open in order to open the
Select File dialog box.

@ File —~ Read - Mesh...
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i

& select File [ B[]
Look in: [ | C:\Tutoriak\introduction '] Q9 O LI [
W& My Com... Name

Docume  solution_files
||| elbow.msh
Mesh File elbowe.msh

Files of type: [Mesh Files (*.msh® *.MSH* }

d

[ Cancel ]

Fitter String

Display Mesh After Reading

Fitter

-

a. Select the mesh file by clicking elbow.msh in the introduction folder 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 (

) 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, After clicking the Rotate View icon, ~* |, press and hold the left mouse
horizontal) button 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
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 In/Out icon, & , press and hold the left mouse
button and drag the mouse up and down to zoom in and out of the view.

Zoom to
selected area |After clicking the Zoom to Area icon, , press and hold the left mouse
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, 8 , 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

gl
mouse button settings by clicking

To judge the scale of your 3D geometry, you can click the Orthographic Projection icon,

.This will display the length scale ruler near the bottom of the graphics window.

Note that you can change the default mouse button actions in the Viewing tab (in the
Mouse group box). For more information, see the Fluent User's Guide.

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. 130).

In the Viewing ribbon tab, locate the Display group box.
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Display
Views... Headlight Lighting
Options... Axes Gouraud
Camera... Ruler

Then click the Views... button to open the Views dialog box.

F‘EE Viewing - Display - Views...

.

"u’iews @
Views Actions _ —
Mirror Planes [0/1] E ! @
Defau .

back
bottom Auto Scale symmetry
ISOMETNC
eft
t
op Define Plane...
Periodic Repeats
Save Mame

front

[Apphr] [Eamem...] [Cluse] [Help]

Note

You can also open the Views dialog box from the tree, by expanding Results, right-
clicking Graphics, and selecting Views....

"~

= Results - Graphics > Views...

i

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
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Extra

You can also change the orientation of the objects in the graphics window using the
"\ J
==

+ To orient the model in the positive/negative direction, click an axis/semi-sphere.

axis triad as follows:

+ To orient the model in the negative/positive direction, right-click an axis/semi-sphere.

+ To set the isometric view, click the cyan iso-ball.
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+ To perform in-plane clockwise or counterclockwise 90° rotations, click the white rotational
arrows .

+ To perform free rotations in any direction, click and hold—in the vicinity of the triad—and
use the mouse. Release the left mouse button to stop rotating.

3.4.4.Setting Up Domain

In this step, you will perform the mesh-related activities using the Setting Up Domain ribbon tab (Mesh
group box).

@. Sefting Up Domain | @' Sefting Up Physics

Mesh

(&) Display... l ?l? k1 scale...

Info . Check Quality Transform

-

Units... Improve...  Make Polyhedra

1. Check the mesh.

|_|:E Setting Up Domain - Mesh - Check

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

Domai n Extents:
x-coordinate: mn (m
y-coordinate: mn (m
z-coordinate: mn (m

Vol une statistics:

m ni mum vol une (nB): 5.098298e-04
maxi mum vol une (nB): 2.330736e-02
total volume (nB): 1.607154e+02

Face area statistics:

m ni mum face area (nm2): 4.865882e-03
maxi mum face area (nm2): 1.017924e-01

Checking mesh............ .. ... ... ....

Done.

-8.000000e+00, max (M 8. 000000e+00
-9.134633e+00, max (mM 8. 000000e+00
0. 000000e+00, max (M = 2.000000e+00

The mesh check will list the minimum and maximum x, y, and z 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

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.

|_|:E Setting Up Domain - Mesh - Scale...
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e

E Scale Mesh @

Domain Extents Scaling

¥min (in) -8 ¥max (in) 8 @ Convert Units

Ymin (in) -9.134634 Ymax (in) 8 Specify Scaling Factors
Zrrin (in) 0 Zmax (in) 2 Mesh Was Created In

[in d

Scaling Factors

View Length Unit In

|. ¥ |0.0254
in ~

Y |0.0254

—

7 |0.0254

Scale Unscale

§

(e

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

b. From the Mesh Was Created In drop-down list, select in 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 previous dialog box.

f. Close the Scale Mesh dialog box.

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 Setting Up Do-
main ribbon tab (Mesh group box) and make the appropriate change in the Set Units
dialog box.

132

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc.and its subsidiaries and affiliates.



Setup and Solution in Serial

3. Check the mesh.

|_|:E Setting Up Domain - Mesh - 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.

3.4.5.Setting Up Physics

In the steps that follow, you will select a solver and specify physical models, material properties, and
zone conditions for your simulation using the Setting Up Physics ribbon tab.

1. In the Solver group box of the Setting Up Physics ribbon tab, retain the default selection of the steady
pressure-based solver.

|_I:E Setting Up Physics - Solver

'ﬁ. Setting Up Domain | @' Setting Up Physics User Defined _’3

Sohlrer
Time Type Velocity Formulation ] .
@ Steady @ Pressure-Based @ Absolute Operating Conditions...
Transient "~ Density-Based 71 Relative
## Reference Values...

2. Set up your models for the CFD simulation using the Models group box of the Setting Up Physics ribbon
tab.

Models
'Efﬂ Radiation... E Multiphase... @ Solidify/Melt...
Energy . Heat Exchanger.. {7 Species... 1) Acoustics...
®.2 Viscous... P& Discrete Phase... BS More .

Note

You can also use the Models task page, which can be accessed from the tree by expanding
Setup and double-clicking the Models tree item.

a. Enable heat transfer by activating the energy equation.

In the Setting Up Physics ribbon tab, enable Energy (Models group box).
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|_‘:E Setting Up Physics -~ Models - Energy

Note

You can also double-click the Setup/Models/Energy tree item and enable the energy
equation in the Energy dialog box.

b. Enable the k- € turbulence model.

|_‘:E Setting Up Physics — Models - Viscous...
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P

Viscous Model

Model

- Inviscid

1 Laminar

" Spalart-Allmaras (1 eqn)

@ k-epsilon (2 eqn)

"~ k-omega (2 eqn)

) Transition k-kl-omega (3 eqn)

") Transition SST (4 eqn)

! Reynolds Stress (7 egn)

") Scale-Adaptive Simulation (SAS)
") Detached Eddy Simulation (DES)
I Large Eddy Simulation (LES)

k-epsilon Model
@ Standard

) RNG

) Realizable

Mear-Wal Treatment

" Standard Wall Functions

' Scalable Wall Functions

~I Non-Equilibrium Wall Functions
@ Enhanced Wall Treatment

") Menter-Lechner

' User-Defined Wall Functions

Enhanced Wal Treatment Options
[C] Pressure Gradient Effects
[] Thermal Effects

Options

"] viscous Heating

["| Curvature Correction

["] Production Kato-Launder
["] Production Limiter

Model Constants

Crmu

0.0%

C1-Epsilon

1.44

C2-Epsilon

1.92

TKE Prandtl Nurmber
1

TOR Prandt! Mumber
1.3

Energy Prandtl Number
0.85

Wall Prandtl Number

m

User-Defined Functions
Turbulent Viscosity

|none

Prandtl Nurmbers

TKE Prandtl Murnber

|none

TDR Prandtl Number

[I'IDI'IE'.'

Energy Prandtl Nurmber

[I'IDI'IE'.'

wall Prandt] Mumber

[I'IDI'IE'.'

[DI{] [Dancel] [Help]

Select k-epsilon from the Model list.

The Viscous Model dialog box will expand.

Retain the default selection of Standard in the k-epsilon Model group box.
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iii. 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 the Fluent User's Guide.

iv. Click OK to accept all the other default settings and close the Viscous Model dialog box.

Note that the Viscous... label in the ribbon is displayed in blue to indicate that the Viscous
model is enabled. Also Energy and Viscous appear as enabled under the Setup/Models tree
branch.

Note

While the ribbon is the primary tool for setting up and solving your problem, the
tree is a dynamic representation of your case. The models, materials, conditions,
and other settings that you have specified in your problem will appear in the tree.
Many of the frequently used ribbon items are also available via the right-click
functionality of the tree.

3. Set up the materials for the CFD simulation using the Materials group box of the Setting Up Physics ribbon
tab.

Materials

B

Create/Edit...

Create a new material called water using the Create/Edit Materials dialog box.

a. Inthe Setting Up Physics ribbon tab, click Create/Edit... (Materials group box).

‘_‘:E Setting Up Physics - Materials - Create/Edit...
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& Create/Edit Materials

Marme
weakar
Chemical Formula

Properties

_Matfnal Type
fluid

Order Materiak by
- | @ Mame

Fluent Fluid Matarials

_ Chemical Formula

Water

vl . Fuent Database...
\User-Defined Damabase... |

Cp (Speciic Heat) f_‘l."k::n-k]| constant

4216
Thermal Canductivity (wm-k) [ constant

0.677

iscosty {kg."rn—s]l constant

0.000&

m

| Change/Create Dalata | [Cb:ae | Help |

Enter wat er for Name.

Enter the following values in the Properties group box:

Property

Value

Density

1000 [kg/m>]

Ccp (Specific Heat)

4216 [J/kg-K]

Thermal Conductivity

0. 677 [W/m-K]

Viscosity

8e- 04 [kg/m-s]

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 Fluent Fluid Materials list of materials that originally contained only air.

I

Question

s e

Change/Create mixture and Qverwrite air?

-,

==

(=] |

Mo

Extra

You could have copied the material water-liquid (h2o < | >) 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
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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.

e. 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 and under the Materials
tree branch.

f. Close the Create/Edit Materials dialog box.

4. Set up the cell zone conditions for the fluid zone (fluid) using the Zones group box of the Setting Up
Physics ribbon tab.

Zones

Cell Zones
Boundaries

Profiles...

a. Inthe Setting Up Physics tab, click Cell Zones (Zones group box).

|_:E Setting Up Physics —» Zones - Cell Zones

This opens the Cell Zone Conditions task page.
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Task Page =

Cell Zone Conditions

fone Filter Text @

fluid
Phase Type 3]
- = []-1
Edit... [Copr... ][Pruﬁles... ]

[Dpemtmg Conditions... ]
Display Mesh...

Porous Formulation
@ Superficial Velocity
Physical Velocity

b. Double-click fluid in the Zone list to open the Fluid dialog box.
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C.

B Fluid

Zona Name
fud

Matesial Ha:ne[.'.ater

=] [Ed... |

[ Frarne Mation [ 30 Fan Zone [ Sowrce Terms

Motion |71 Laminar Zone |7 Fxed Values
Porous Zone
Referance Frame | Mesh Moton | Porous Zone [ D Fan Zone | Embeadded LES | Reaction ] Source Temrs | Fxed value [ Mutip
Rotabon-Axs Ongn Rotation-Axs Direction
X{n) a |constant = xo | constznt *]
¥ {in} [ constant ": ¥ 0 | constznt |
Zin) 0 |c-:]n$t.'mr » Z1 | conskant '|
[ok] | canesl| | Heip |
Note

You can also double-click the Setup/Cell Zone Conditions/fluid tree item in order

to open the corresponding dialog box.

Select water from the Material Name drop-down list.

d. Click OK to close the Fluid dialog box.

5. Set up the boundary conditions for the inlets, outlet, and walls for your CFD analysis using the Zones group

box of the Setting Up Physics ribbon tab.

a.

Zones

Cell Zones
Boundaries

Profiles...

|_‘:E Setting Up Physics — Zones - Boundaries

In the Setting Up Physics tab, click Boundaries (Zones group box).

This opens the Boundary Conditions task page where the boundaries defined in your simulation
are displayed in the Zone selection list.
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Task Page =
Boundary Conditions
Zone Filer Text
4 Inlet
velocity-inlet-5
velocity-inlet-G
4 Internal
default-interior
4 (Clutlet
pressure-outlet-7
4 Symmetry
symmetry
4 Wall
wall
Phase Type 1D
mixture -1
Edit... [Cnpy... ][Prnﬁles... ]
[Dpemtmg Conditions... ]
Display Mesh...
Periodic Conditions...
[C] Highlight Zone

Note

To display boundary zones grouped by zone type (as shown previously), click the

Toggle Tree View button () in the upper right corner of the Boundary Conditions
task page and select Zone Type under Group By.

Here the zones have names with numerical identifying tags. It is good practice to give boundaries
meaningful names in a meshing application to help when you set up the model. You can also
change boundary names in Fluent by simply editing the boundary and making revisions in the
Zone Name text box.

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc.and its subsidiaries and affiliates. 141



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

b. Setthe boundary conditions at the cold inlet (velocity-inlet-5).

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

( a ) as described previously in this tutorial. The information will be displayed

in the ANSYS Fluent console, and the zone you probed will be automatically se-
lected from the Zone selection list in the Boundary Conditions task page.

i. Double-click velocity-inlet-5 to open the Velocity Inlet dialog box.

B Velocity Inlet ==
Zone Name
velocity-inlet-5
| Momentum | Thermal | Radiation | Species | DPM | Multiphase | Potential | uDs |
Velocity Specification Methnd[Magn'rtude, Mormal to Boundary ']
Reference mee[ﬂbsulute ']
Velocity Magnitude (m/s) 0.4 [cnnsﬁnt ']
Supersonic/Initial Gauge Pressure (pascal) 0 [cnnsﬁnt ']
Turbulence
Specification Methud[lntens’rb_.r and Hydraulic Diameter *]
Turbulent Intensity (%) 5 E]
Hydraulic Diameter (in) 4 E]
[ Dl{] [ Eancel] [ Help]

ii. Retain the default selection of Magnitude, Normal to Boundary from the Velocity Specification
Method drop-down list.

iii. Enter 0. 4 [m/s] for Velocity Magnitude.

iv. In the Turbulence group box, select Intensity and Hydraulic Diameter from the Specification
Method drop-down list.

v. Retain the default value of 5 [%] for Turbulent Intensity.
vi. Enter 4 [inches] for Hydraulic Diameter.

The hydraulic diameter D, is defined as:

4A
Dh:P_W
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where A is the cross-sectional area and P,, is the wetted perimeter.

vii. Click the Thermal tab.

P

B Velocity Inlet ==
Zone Mame
velocity-inlet-5

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

Temperature (k) 293.15 [cunsﬁnt ']

[GI{] ICanceI] IHeIpI

viii.Enter 293. 15 [K] for Temperature.

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

Note

You can also access the Velocity Inlet dialog box by double-clicking the
Setup/Boundary Conditions/velocity-inlet-5 tree item.

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

Setting Value
Velocity Specification Method Magnitude, Normal to Boundary
Velocity Magnitude 1.2 [m/s]
Specification Method Intensity and Hydraulic Diameter
Turbulent Intensity 5 [%]
Hydraulic Diameter 1 [inch]
Temperature 313. 15 [K]
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d. Double-click pressure-outlet-7 in the Zone selection list and set the boundary conditions at the outlet,
as shown in the following figure.

Pressure Outlet @
Zaone Mame
pressure-outlet-7

| Momentum | Thermal | Radiation | Species I DPM | Multiphase I Potential I uDs |

Backflow Reference mee[ﬂbsnlute ']

Gauge Pressure (pascal) O [cunsﬁnt ']

Backflow Direction Specification Methud[NnrmaI to Boundary ']
Backflow Pressure Spec'rﬁmtinn[Tuml Pressure ']

[] Radial Equilibrium Pressure Distribution
ol Average Pressure Specification

[ Target Mass Flow Rate
Turbulence

Specification rwahatl'u:u:l[Intens’rtf..r and Hydraulic Diameter
Backflow Turbulent Intensity (%) 5

E &=

Backflow Hydraulic Diameter (in} |4

[DI{] [Cancel] [Help]

Note

« You do not need to set a backflow temperature in this case (in the Thermal tab) because
the material properties are not functions of temperature. If they were, a flow-weighted
average of the inlet conditions would be a good starting value.

+ 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 convergence
from being adversely affected.

e. For the wall of the pipe (wall), retain the default value of 0 W/m? for Heat Flux in the Thermal tab.
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Wwall

Zone Hame
wal

Adjacent Cell Zone
fiuid

=

| Momentum | Thermal | Radistion I Species | DPM | Mukiphase | uns | Wal Film | Potentia
Thermal Conditions
@ Heat Flux Heat Flux (w/m2) 0 | constant =
Temperature Wall Thickness (in) 0 O
Convection ) f s
Radistion Heat Generation Rate [w/m3) EI. | constant
Moced | Shell Conduction Layer E
via System Coupling
@ Mapped Interface
Material Name
auminum = | Edit... |
Cancel | | Help
3.4.6.Solving

In the steps that follow, you will set up and run the calculation using the Solving ribbon tab.

Note

You can also use the task pages listed under the Solution tree branch to perform solution-

related activities.

1. Select a solver scheme.

a. Inthe Solving ribbon tab, click Methods... (Solution group box).

Solution
Methods...

FEE Solving - Solution - Methods...
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Task Page =

Solution Methods
Pressure-Velocity Coupling
Scheme
|SIMPLE - |

Spatial Discretization

Gradient

[Least Squares Cell Based ']
Precsure

[Secnnd Order ']
Momentum

[Secnnd Order Upwind ']
Turbulent Kinetic Energy

[First Order Upwind ']
Turbulent Dissipation Rate

[First Order Upwind ']

—=

Transient Formulation

|3

m

Mon-Iterative Time Advancement
Frozen Flux Forrmulation
Pseudo Transient

["] warped-Face Gradient Correction

["] High Order Term Relaxation

b. Inthe Solution Methods task page, retain the default selections for the Scheme and Spatial Discret-
ization.

2. Enable the plotting of residuals during the calculation.

a. Inthe Solving ribbon tab, click Residuals... (Reports group box).

Reports

| Residuals...

Definitions

FEE Solving - Reports - Residuals...
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e

E Residual Monitors

Compute Local Scale

[DI{] | F'Iut| | Renormalize | | Cancel| | Help |

(]

Options Equations
¥| Print to Console Residual Monitor Check Convergence Absolute Criteria it
7| Plot continuity 4 i 0.001 |
Window ®-velocity J J 0.001 [
1 = | curves... ||A:-ces... | y-velocity v v 0.001
Tterations to Plot z-velocity - - 0.001 il
1000 : Residual Values . . ':DI'I"."::'!FQ;;ICE Criterion
Mormalize Iterations |a|:|5culute -
Iterations to Store 5
1000 - 4| Scale Convergence Conditions

-

Note

You can also access the Residual Monitors dialog box by double-clicking the Solu-

tion/Monitors/Residual tree item.

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

c. Retain the default value of 0. 001 for the Absolute Criteria of continuity.

d. Click OK to close the Residual Monitors dialog box.

Note

By default, the residuals of all of the equations solved for the physical models enabled
for your case 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 create and plot a surface
report definition that can help evaluate whether the solution is truly converged. You will

do this in the next step.

3. Create a surface report definition of average temperature at the outlet (pressure-outlet-7).

|_I:E Solving - Reports -, Definitions - New - Surface Report . Mass-Weighted Average...
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i

Field Variable

Surface Report Definition @
Mame Report Type
outlet-temp-ava Mass-Weighted Average - ]
Options Custom Vectors
Vectors of
["] Per Surface
Average Over Custom Vectors...
1 =

Report Files [0/0] @ @ | Temperature...

M

Static Temperature

Surfaces Filer Text

SEEE

default-intenior

‘pressure-outlet-7

Report Plots [0/0] E] E @ S}rmmetr:,r

velocity-inlet-5
velocity-inlet-6
wall

Create

Report File
Report Plot
Freguency 3 =

Print to Console ["| Highlight Surfaces

[C] Create Qutput Parameter

[ DI{] [ Compute ] [ I:ancel] [ Help ]

Note

You can also access the Surface Report Definition dialog box by right-clicking Report
Definitions in the tree (under Solution) and selecting New/Surface Report/Mass-

Weighted Average... from the menu that opens.

a. Enterout| et -t enp- avg for the Name of the report definition.

b. Enable Report File, Report Plot, and Print to Console in the Create group box.

During a solution run, ANSYS Fluent will write solution convergence data in a report file, plot the
solution convergence history in a graphics window, and print the value of the report definition to the

console.

c. Set Frequency to 3 by clicking the up-arrow button.
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This setting instructs ANSYS Fluent to update the plot of the surface report, write data to a file, and
print data in the console after every 3 iterations during the solution.

d. Select Temperature... and Static Temperature from the Field Variable drop-down lists.
e. Select pressure-outlet-7 from the Surfaces selection list.
f. Click OK to save the surface report definition and close the Surface Report Definition dialog box.

The new surface report definition outlet-temp-avg will appear under the Solution/Report
Definitions tree item. ANSYS Fluent also automatically creates the following items:

+ outlet-temp-avg-rfile (under the Solution/Monitors/Report Files tree branch)
+ outlet-temp-avg-rplot (under the Solution/Monitors/Report Plots tree branch)

In the tree, double-click outlet-temp-avg-rfile (under Solution/Monitors/Report Files) and examine the
report file settings in the Edit Report File dialog box.

B Edit Report File ===

Harme
outlet-temp-avg-rfie

Avaiable Report Definitions [0/0] 5 % Selected Report Definkions [0/1] %l 5
outlet-temp-avg
Output File Base Nama New = | [ Edi

Voutlet-temp-avg-rfile.out | Browse...
Full File Mame

Get Data Every
3 +| | Eeration b |

#| Print to Consola

E_ Cancel | | Help

The dialog box is automatically populated with data from the outlet-temp-avg report definition.
a. Verify that outlet-temp-avg is in the Selected Report Definitions list.

If you had created multiple report definitions, the additional ones would be listed under Available
Report Definitions, and you could use the Add>> and <<Remove buttons to manage which were
written in this particular report definition file.

b. (optional) Edit the name and location of the resulting file as necessary using the Output File Base
Name field or Browse... button.
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c. Click OK to close the Edit Report File dialog box.

5. Create a convergence condition for outlet-temp-avg.
Solving - Reports - Convergence...
E Convergence Conditions @
Report Stop Ignore Ilze
Conditions Definition Cricerion  Iterations Before Iterations  Print Delete
con-outlet-temp-avg | |outlettemp= = | 1e-5 20 =1 15 = ¥ [}
Add
Choose Condition Every Iteration
@ All Conditions are Met 3 = Residuals...
Any Condition is Met
[DK] | C:-Jncel| | Help |
a. Click the Add button.
b. Enter con- out | et -t enp- avg for Conditions.
c. Select outlet-temp-avg from the Report Definition drop-down list.
d. Enter le- 5 for Stop Criterion.
e. Enter 20 for Ignore Iterations Before.
f. Enter 15 for Use Iterations.
g. Enable Print.
h. Set Every Iteration to 3.
i. Click OK to save the convergence condition settings and close the Convergence Conditions dialog
box.
These settings will cause Fluent to consider the solution converged when the surface report definition
value for each of the previous 15 iterations is within 0.001% of the current value. Convergence of the
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.
6. Initialize the flow field using the Initialization group box of the Solving ribbon tab.
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|m | Solving - Initialization

a.

Initialization

Method
@ Hybrid  More Settings... '
@ Standard t=0
Initialize

Retain the default selection of Hybrid from the Method list.

b. Click Initialize.

7. Save the case file (el bowl. cas. gz).

|W " File - Write - Case...

i

Select File [ B[]
Look in: [ | C:\Tutoriak\introduction *] O 9 © L [
W& My Com... Name
Docume J solution_files
Case File elbowl.cas.oz oK

Files of type: [l:ase Files (*.cas®)

v] [ Cancel ]

Fitter String
Write Binary Files

Fitter

-

(optional) Indicate the folder in which you would like the file to be saved.

By default, the file will be saved in the folder from which you read in el bow. nmsh (that is, the i n-
t roduct i on folder). You can indicate a different folder by browsing to it or by creating a new

folder.

b. Enter el bowl. cas. gz for Case File.

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information

of ANSYS, Inc. and its subsidiaries and dffiliates.

151



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

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 el bowl. gz, ANSYS Fluent will automatically save the file as el bowl. 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.

8. Start the calculation by requesting 150 iterations in the Solving ribbon tab (Run Calculation group box).

|_|:E Solving - Run Calculation

Run Calculation
. 5 /
Mo. of Iterations 150 = -/
Input Summary... —/
Advanced... " Check Case Calculate

a. Enter 150 for No. of Iterations.

b. Click Calculate.

Note

By starting the calculation, you are also starting to save the surface report data at the
rate specified in the Surface Report Definition dialog box. If a file already exists in
your working directory with the name you specified in the Edit Report File 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 report history will be plotted in the outlet-temp-avg-
rplot tab in the graphics window (Figure 3.3: Convergence History of the Mass-Weighted Average
Temperature (p. 153)).
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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 the Scaled Residuals tab in the graphics window
(Figure 3.4: Residuals (p. 154)).
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Figure 3.4: Residuals
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Note

You can monitor the two convergence plots simultaneously by right-clicking a tab in
the graphics window and selecting SubWindow View from the menu that opens. To
return to a tabbed graphics window view, right-click a graphics window title area and
select Tabbed View.

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 report definition converges to within the tolerance specified in the Convergence
Conditions 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 72 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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9. Examine the plots for convergence (Figure 3.3: Convergence History of the Mass-Weighted Average Tem-
perature (p. 153) and Figure 3.4: Residuals (p. 154)).

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 107>, except the energy residual, for which the default criterion is 10°°.
+ 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.

10. Examine the mass flux report for convergence using the Postprocessing ribbon tab.

Postprocessing — Reports - Fluxes...
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Flux Reports
p

Options

@ Mass Flow Rate

() Total Heat Transfer Rate

() Radiation Heat Transfer Rate

Save Output Parameter.. ]

Boundaries Filter Text @ Results

default-interior

pressure-outlet-7

symmetry
velocity-inlet-5

velocity-inlet-6
wall

-1.919306039810181

1.617521166801453
0.3018067181110382

4

[ Compute ] [Wr'rte... ] [ Close ] [ Help ]

Met Results (ka/s)
2.18451e-035

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.

¢. 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.

11. Save the data file (el bowl. dat . gz).

File -~ Write - Data...

In later steps of this tutorial you will save additional case and data files with different suffixes.

3.4.7.Displaying the Preliminary Solution

In the steps that follow, you will visualize various aspects of the flow for the preliminary solution using

the Postprocessing ribbon tab.

1. Display filled contours of velocity magnitude on the symmetry plane (Figure 3.5: Predicted Velocity Distri-

bution after the Initial Calculation (p. 158)).

= Postprocessing — Graphics - Contours - Edit...
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i

Contours

Options

Filled

Mode Values

Global Range

Auto Range
Clip to Range

["| Draw Profiles

["] Draw Mesh

Coloring
@ Banded
i) Smooth

Levels  Setup
20 = 1 =

Contours of

[‘n.n’elu:rc'rt:.r...

Velocity Magnitude
Min

Surfaces Filter Text

FEEFE

default-intericr
pressure-outlet-7

welocity-inlet-5
velocity-inlet-6
wall

7=0_outlet

[ D'Lsplay] [ Compute ] [ 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.

Note

If you cannot see the velocity contour display, select the appropriate tab in the
graphics window.

f. Close the Contours dialog box.

g. Disable the Lighting option in the Viewing ribbon tab (in the Display group box).
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Figure 3.5: Predicted Velocity Distribution after the Initial Calculation
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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.

2. Create and display a definition for temperature contours on the symmetry plane (Figure 3.6: Predicted
Temperature Distribution after the Initial Calculation (p. 160)).

@ Postprocessing - Graphics - Contours - New...

You can create contour definitions and save them for later use.
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Contours @
Contour Mame
contour-temp

Options Contours of

Filled Temperature... -

Mode Values

Global Range

Auto Range
Clip to Range

Draw Profiles T =
Surfaces Filter Text .E @ .! @
[] Draw Mesh

default-interior
pressure-outlet-7

S

Static Temperature -
Min Max

G Banded velocity-inlet-5
) Smooth velocity-inlet-6
wall

Colormap Options... ]

[ Save,"[}lspla}r] [ Compute ] [ Close ] [ Help ]

a. Entercont our -t enp for Contour Name.
b. Select Temperature... and Static Temperature from the Contours of drop-down lists.
c. Click Save/Display and close the Contours dialog box.

The new contour-temp definition appears under the Results/Graphics/Contours tree branch.
To edit your contour definition, right-click it and select Edit... from the menu that opens.
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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. 164)).

IE Postprocessing - Graphics - Vectors - Edit...
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i

Vectors @

Options Vectors of
Global Range [‘I.-’elcrc'rty *]
Auto Range Color by
Clip to Range [‘I.-’elcrc'rty... v]
Auto Scale - -
] Draw Mesh Velocity Magnitude -
Min (m/s) Max (m/s)
Style 0.1365518 1.418624
[arruw v]
Scale Skip Surfaces Filter Text @ @
4 2 - default-interior
[‘u’ectcrr Options... ] pressure-outlet-7
[Eustcrm Vectors... ] velocity-inlet-5
velocity-inlet-G
wall

[D'tsplay] [ Cormpute ] [ 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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Close the Vectors dialog box.
. Zoom in on the vectors in the display.

To manipulate the image, refer to Table 3.1: View Manipulation Instructions (p. 128). The image will
be redisplayed at a higher magnification (Figure 3.9: Magnified View of Resized Velocity Vectors (p. 164)).
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Figure 3.9: Magnified View of Resized Velocity Vectors

& Velocity Vectors Colored By Velocity Magnitude (mys) [£)

2 outlet-termp-ava-rplot (2]

o Eﬁjnd_

s, — .~ o 7 i
B EEQE::_&T - e - - - - - - %Zizékdhdk 1 -
e
2.01e-01— - £ ﬁ
Wioeo — = 7 i

e - - - Aib‘q}'qfldh

. Zoom out to the original view.

You also have the option of selecting the original view in

E Viewing - Display - Views...

the Views dialog box:

Select front from the Views selection list and click Apply, then close the Views dialog box.
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-

[
Act[;c;r:u Mirror Planes [0/1] E @

g
:;E:lt rmetric -
Save N Periodic Repeats
ve Name
front

—

[Apph_r [I:arnera... ] [ Close ] [ Help ]

4. Create a line at the centerline of the outlet. For this task, you will use the Surface group box of the Post-
processing tab.

Surface
gk Create
1 Manage...

FEE Postprocessing - Surface - Create - Iso-Surface...

T.-au—Surhce @
surface of Constant ’ — [—] [—
From Surface Fiter Text 0| =+ |=F
[Mesh... - o 9/ E= @
Z-Coordinate - | default-interior
- pressure-outlet-7

Min {in} Max (in}) p——

0 Z velocity-inlet-5

Ieo-values (i) velocity-inlet-6

o waall

- | B From Zones Fiter Text S == @
Mew Surface Name Ffluid

z=0_outlet

|Create| |Cnrn|:|ute] Manaue...| [duse] |Help|
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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 fields.
c. Retain the default value of 0 inches for Iso-Values.
d. Select pressure-outl et -7 from the From Surface selection list.
e. Enterz=0_out | et for New Surface Name.
f. Click Create.

The new line surface representing the intersection of the plane z=0 and the surface pr essur e-
out | et - 7 is created, and its name z=0_outlet appears in the From Surface selection list.

Note

+ 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.

+ If you want to delete or otherwise manipulate any surfaces, click Manage... to open the
Surfaces dialog box.

g. Close the Iso-Surface dialog box.

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)).

|_‘:E Postprocessing - Plots -, XY Plot - Edit...

166
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i "

Solution XY Plot ==
Options Plot Direction Y Axis Function
Node Values X1 | Temperature... - |
e Yo Static Temperature -
Position on Y Axis
Z0 X Axis Function
["] Write to File [D' — ]
Order Points _________
— Surfaces Filter Text E] @
File Data E =7 @
Load File... default-interior
pressure-outlet-7
Free Data symmietry
velocity-inlet-5
velocity-inlet-G
wall

7=0_outlet

[ Plut] [A:-{es... ] [Cuwes... ] [ Close ] [ 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 Wrrite....
e. Click Write....
i. Inthe Select File dialog box, enter out | et _t enpl. xy for XY File.
ii. Click OK to save the temperature data and close the Select File dialog box.

f. Close the Solution XY Plot dialog box.
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Figure 3.10: Outlet Temperature Profile for the Initial Solution
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6. Define a custom field function for the dynamic head formula (p-|V| /2).

@ User Defined - Field Functions - Custom...

densty ™ [V| ~ 2/ 2

(= )0 = L X L 7 [ v ] ses ] SekctOpermnd e uncions om

Cow e [ e [ w ] b ] owo | R )

S
5 B 7 8 9 CE/IC

C ol Jom e Coom | (Sl

Mew Function Name dynamic-head ]

| Defne | | Manage... | [Close | | Help |

a. Select Density... and Density from the Field Functions drop-down lists, and click the Select button
to add density to the Definition field.

b. Click the X button to add the multiplication symbol to the Definition field.
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c. Select Velocity... and Velocity Magnitude from the Field Functions drop-down lists, and click the
Select button to add |V| to the Definition field.

d. Click yAx to raise the last entry in the Definition field to a power, and click 2 for the power.
e. Click the / button to add the division symbol to the Definition field, and then click 2.

f. Enterdynam c- head for New Function Name.

g. Click Define and close the Custom Field Function Calculator dialog box.

The dynamic-head tree item will appear under the Parameters & Customization/Custom Field
Functions tree branch.

Display filled contours of the custom field function (Figure 3.11: Contours of the Dynamic Head Custom
Field Function (p. 170)).

I_EE Postprocessing - Graphics - Contours - Edit...

i

E Contours @

Options Contours of

Filed Custom Field Functions... *]
Mode Values
Global Range

dynamic-head -

Min Max
Auto Range
Clip to Range 0.1365518 1.418624

[ Draw Profiles F— - @ E @
Surfaces Filter Text =7
] Draw Mesh % .

default-interior
pressure-outlet-7

R
'3 Banded velocity-inlet-5
() Smooth velocity-inlet-6
Levels Setup wall
z=0_outlet

20 =1 =

[ D'Lspla*_.r] [ Compute ] [ Close ] [ Help ]

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.
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c. Click Display and close the Contours dialog box.

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.

8. Save the settings for the custom field function by writing the case and data files (el bowl. cas. gz and
el bowl. dat . gz).

|W_'EE File - Write - Case & Data...
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a. Ensure that el bowl. cas. gz is 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 had saved earlier.

3.4.8. 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 and compare the convergence

speed of the SIMPLE and Coupled solvers.

1. Change the solver settings.

|_|:E Solving - Solution - Methods...
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Task Page =

Solution Methods
Pressure-Velocity Coupling
Scheme
[ Coupled - ]

Spatial Discretization

Gradient

[Least Sgquares Cell Based - ]
Pressure

[Secnnd Order ']
Momentum

[Secnnd Order Upwind ']

|13

m

Turbulent Kinetic Energy

[First Order Upwind ']
Turbulent Dissipation Rate

[First Order Upwind ']

—=

Transient Formulation

Mon-Iterative Time Advancement
Frozen Flux Formulation

["] Pseudo Transient

["] warped-Face Gradient Correction

["] High Order Term Relaxation

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.

|..~ - Solving - Initialization - Initialize

3. Run the solution for an additional 90 iterations.

F‘EE Solving - Run Calculation
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Run Calculation
Update Dynamic Mesh... Vi
No. of Iterations 90 [3] — /
Input Summary... =
Advanced... & Check Case Calculate

a. Enter 90 for No. of Iterations.
b. Click Calculate.

A dialog box will appear stating that out | et -t enp-avg-rfil e. out already exists, and
asking if you want to create a new file. Click No. Another dialog box will appear asking whether
it is OK to overwrite the file. Click Yes.

The solution will converge in approximately 36 iterations (Figure 3.12: Residuals for the Coupled
Solver Calculation (p. 173)). 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. 174).

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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3.4.9. 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 (locally refine) 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 group
box in the Setting Up Domain ribbon tab.

Adapt
Mark/ adapt Cells

[0 Manage Registers...

Mare

@ Setting Up Domain - Adapt - Mark/Adapt Cells -~ Gradient...
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e

= Gradient Adapticn @
Options Method Gradients of
¥| Refine @ Curvature |Tempemture... v|
7] Coarsen Gradient Static Temperature -
MNormalize per Zone Iso-Value )
Min Max
e Normalization  1.421085e-14 0.02847574
Manage @ standard  coarsen Threshold Refine Threshold
= Scale 0 0.003
Controls... Marmalize :
Dynamic
Dynamic
Interval
20 =

|Adapt| [Mark] | Cormpute | |A|:||:|h.r| | Close | | Help |

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.

Select Temperature... and Static Temperature from the Gradients of drop-down lists.
Click Compute.

ANSYS Fluent will update the Min and Max values to show the minimum and maximum temperature
gradient.

Enter 0. 003 for Refine Threshold.

A general rule is to use 10% of the maximum gradient when setting the value for Refine Threshold.
Click Mmark.

ANSYS Fluent will report in the console that approximately 1289 cells were marked for refinement.

Click Manage... to open the Manage Adaption Registers dialog box.
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P

Manage Adaption Registers

Register Actions

=

=
=1
=

[l
[ix]
=
]
(=]

Combine
Delete

Mark Actions
Exchange

Invert
Lirnit
Fil

Registers [1/1]

=

= =

=

Register Info

gradient-r

RegID: 0
Refn #: 1289
Crsn#: 0
Type: adapt

[ Options... ] [ Contraols...

[Adapt] [D'tsplar] [Ch:rse] [Help]

-

Click Display.

ANSYS Fluent will display the cells marked for adaption in the graphics window (Figure 3.14: Cells

Marked for Adaption (p. 177)).
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Figure 3.14: Cells Marked for Adaption

/B scaled Residuals |} & Adaption Markings (gradient-ro) EJ

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. 179)) 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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Adaption Display Options ==
Options Refine Coarsen
Draw Mesh Wireframe [T Wireframe
Filad Marker Marker
Color Color
[red v [oan *]
Size Syrmbol Size Syrmbol

0.1 0.1

[DI{] [Cancel] [Help]

Enable Wireframe in the Refine group box.

Enable Filled in the Options group box.

. Enable Draw Mesh in the Options group box.

The Mesh Display dialog box will open.

Mesh Display

(]

velocity-inlet-6

Shrink Factor  Feature Angle [
0 20 7=0_outlet

Interior |

I%p:;zz; Edi?l Type Surfaces Filter Text @ @
Edges @ Feature | default-interior
("] Faces ) Qutline pressure-outlet-7
[C] Partitions syrmetry
Overset velocity-inlet-5

Adiacency..

[Dlsplay] [Cnlnrs...] [Clnse] [Help]

-

Ensure that only the Edges option is enabled in the Options group box.

Select Feature from the Edge Type list.

list.

. Click Display and close the Mesh Display dialog box.

Click OK to close the Adaption Display Options dialog box.

. Select all of the items except default-interior and z=0_outlet from the Surfaces selection
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Release 18.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information

of ANSYS, Inc. and its subsidiaries and dffiliates.



Setup and Solution in Serial

J. Click Display in the Manage Adaption Registers dialog box.

K. Rotate the view and zoom in to get the display shown in Figure 3.15: Alternative Display
of Cells Marked for Adaption (p. 179).

Figure 3.15: Alternative Display of Cells Marked for Adaption

/B scaled Residuals | &Y Adaption Markings (gradient-rd) EJ

L. After viewing the marked cells, rotate the view back and zoom out again.

M. Click Options... in the Manage Adaption Registers dialog box to open the Adaption
Display Options dialog box again.

N. In the Adaption Display Options dialog box, disable the Draw Mesh option and click
OK to close it.

ii. Inthe Manage Adaption Registers dialog box, ensure that gradient-r0 is selected from the Re-
gisters selection list.
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iii. Click Adaptin the Manage Adaption Registers dialog box.

A Question dialog box will open, confirming your intention to adapt the mesh. Click Yes to pro-
ceed.

.

E Question @

Ok to change the mesh?

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. 181)).

Setting Up Domain - Mesh -. Display...

B Mesh Display @
Options Edge Type —
_ Surfaces Filter Text . E] E @
[] Nodes @ Al E
Edges C) Feature | default-interior
("] Faces ) Qutline | pressure-outlet-7
["] Partitions :
Overset velocity-inlet-5
velocity-inlet-6
Shrink Factor Feature Angle wall
] 20 z=0_outlet

Interior
Adiacency..

[DiSDlElY] [Cnlnrs...] [Clnse] [Help]

a. Select All from the Edge Type list.

b. Deselect all of the highlighted items from the Surfaces selection list except for symmetry

Tip

To deselect all surfaces, click the Deselect All Shown button (@) at the top of the

Surfaces selection list. Then select the desired surface from the Surfaces selection
list.
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c. Click Display and close the Mesh Display dialog box.

Figure 3.16: The Adapted Mesh

/B Scaled Residuals B8

3. Request an additional 90 iterations.

lw_EE Solving - Run Calculation - Calculate

Run Calculation
Update Dynamic Mesh... Vi
No. of Iterations 90 [2] — /
Input Summary... =
Advanced... & Check Case Calculate

The solution will converge after approximately 30 additional iterations (Figure 3.17: The Complete Residual
History (p. 182) and Figure 3.18: Convergence History of Mass-Weighted Average Temperature (p. 182)).
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Figure 3.17: The Complete Residual History

Scaled Residuals [ x| & outlet-temp-avg-rplot [ 1\
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lterations

Figure 3.18: Convergence History of Mass-Weighted Average Temperature

= Scaled Residuals [x] &Y outlet-temp-avg-rplot £
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4. Save the case and data files for the Coupled solver solution with an adapted mesh (el bow2. cas. gz and
el bow2. dat . gz).

I_EE File -~ Write - Case & Data...

a. Enter el bow2. 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 folder.

5. Display the filled temperature distribution (using node values) on the revised mesh using the temperature
contours definition that you created earlier (Figure 3.19: Filled Contours of Temperature Using the Adapted
Mesh (p. 184)).

Right-click the Results/Graphics/Contours/contour-temp tree item and select Display from the
menu that opens.

= Results - Graphics - Contours - contour-temp D» Display
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Figure 3.19: Filled Contours of Temperature Using the Adapted Mesh
/B scaled Residuals |

Contours of Static Temperature (k) EJ
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[K]

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. 186)).

FEE Postprocessing - Plots -, XY Plot - Edit...
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i "

Solution XY Plot ==
Options Plot Direction Y Axis Function
Node Values X1 | Temperature... - |
e Yo Static Temperature -
Position on Y Axis
£0 X Axis Function
["] Write to File

[Directiun Vector

=
E — @ Surfaces Filter Text E] @
: default-interior

pressure-outlet-7
Free Data symmietry
velocity-inlet-5
velocity-inlet-G
wall

Order Points

File Data [0/0]

[P'Iut] [P.xes...] [Cuwes...] [Cluse] [Help]

a. Ensure that the Write to File option is disabled in the Options group box.

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

= Scaled Residuals BY  Static Temperature [

2.068e+02

2 85e+02
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3.5 < 4.5 pat 55 =} 5.5 ¥ TAh g

Faosition (in)

e. Enable Write to File in the Options group box.
The button that was originally labeled Plot will change to Write....

f.  Click Write....
i. Inthe Select File dialog box, enter out | et _t enp2. 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. 188)).

@ Postprocessing - Plots - File...
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File XY Plot ==
Plot Title Legend Title [ i ]
Static Temperature Static Temperature [ T ]
elete
Files Legend Entries [Change Legend Entr!r]
Ci/Tutorials/introduction/outlet_templ sy Before Adaption

C:/Tutorials/introduction/cutlet_temp xy Adapted Mesh

C:/ Tutorials/introduction/ outlet_temp2.xy Adapted Mesh

[P'h:rt] [P.xes...] [Cuwes...] [Ch:rse] [Help]

a. Click the Add... button to open the Select File dialog box.

2 Select File 7 |[neam
Look in: | | C:\Tutorials\introduction 0O QO UBERE
i My Com.. Name

Docume. . solution_files
L) outlet templay
.. outlet temp2.xy
XY File outlet_temp2.aoy

Files of type: [K"r’ Files (*.xy) - | [ Cancel |

Filter String Fiker

Remowve
Ci Tutorials/introduction/outlet_templ xy

CfTutonals/introduction/outlet_templaor

i. Click once on outlet_temp1.xy and outlet_temp2.xy.

Each of these files will be listed with their folder path in the bottom list to indicate that they have
been selected.

Tip

If you select a file by mistake, simply click the file in the bottom list and then
click Remove.
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ii. Click OK to save the files and close the Select File dialog box.

b. Select the folder path ending in outlet_temp1.xy from the Files selection list.

c. Enter Bef ore Adapti on in the lower-right text-entry box.

d. 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.

e. In asimilar manner, change the legend entry for the folder path ending in outlet_temp2.xy to be Ad-
apted Mesh.

f. Click Plot and close the File XY Plot dialog box.

Figure 3.21: Outlet Temperature Profiles for the Two Solutions (p. 188) 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.

Figure 3.21: Outlet Temperature Profiles for the Two Solutions

= ]

Scaled Residuals Static Temperature

= O e+02 —
Temperature *

2 9de+02 .
= = = & a *

28Z2e+02 o

200e+02 T T T T T T
0.1 012 0.14 0.16 0.18 0.z 0.2z

Fosition
Note

When reading and writing data values, Fluent always uses Sl units. Therefore, when you
read in the XY data files and plot them, the position and temperature values will be
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plotted in Sl units, regardless of the settings made in the Scale Mesh 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. For
demonstration purposes, three additional levels of mesh adaption were performed (each
time using a refinement of 10% of the new maximum gradient) and the resulting temper-
ature profiles have been plotted with out | et _tenpl. xy and outl et _tenp2. Xy in
Figure 3.22: Outlet Temperature Profiles for Subsequent Mesh Adaption Steps (p. 189).

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. 189) 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 300.4 K
after mesh independence is achieved.

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.
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3.5.Setup and Solution in Parallel

This section explores the parallel processing capabilities of ANSYS Fluent. In order to be run in parallel,
the mesh must be divided into smaller, evenly sized partitions. Each ANSYS Fluent process, called a
compute node, will solve on a single partition, and information will be passed back and forth across all
partition interfaces. The solver of ANSYS Fluent enables parallel processing on a dedicated parallel
machine, or a network of workstations running Windows or Linux.

3.5.1.Starting the Parallel Version of ANSYS Fluent

Since the procedure for starting the parallel version of ANSYS Fluent is dependent upon the type of machine(s)
you are using, two versions of this step are provided here.

3.5.1.1. Multiprocessor Machine

Use ANSYS Fluent Launcher to start the 3D parallel version of ANSYS Fluent on a Windows or Linux
machine using 2 processes.

1. Select 3D under Dimension.

2. Enable Display Mesh After Reading under Display Options.
3. Make sure that Double Precision is disabled under Options.
4. Select Parallel under Processing Options.

5. Set Processes to 2.

To show details of the parallel settings, click Show More Options, then go to the Parallel Settings tab.
Note that your Run Types will be Shared Memory on Local Machine.

6. Click OK.
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e

E Fluent Launcher

Dimengion
20

@ 3D

Dizplay Optionz

ACT Option
Load ACT

eneral Dptionz

[nterconnects
default

WP Types
default

Fun Types

ANSYS

| Dizplay Mesh After Beading
| warkbench Calar Scheme

[ 5[]
Fluent Launcher

Options
Double Precizion
tezhing kMode
IJgze Job Scheduler
IJze Remote Linus Hodes

Froceszing Dptions
Senal
@ Parallel [Local Machine)

Salver
Proceszes

2 -
GPGPU: per Maching
Mone =

[=| Shiow Fewer Option:

Parallel Settings Scheduler E nviraniment

Y alidate |BM MP| Pazsword

@ Shared Memory on Local M achine
Driztributed Memary o a Cluster

Ok

] | Drefauilt | |

Cancel Help =~

To start ANSYS Fluent on a Linux machine, type at the command prompt

fluent 3d -t2

If you type f | uent at the command prompt, then Fluent Launcher will appear.

For additional information about parallel command line options, see the Fluent User's Guide, available
in the help viewer or on the ANSYS Customer Portal (http://support.ansys.com/documentation).

3.5.1.2. Network of Computers

You can start the 3D parallel version of ANSYS Fluent on a network of Windows or Linux machines using
2 processes and check the network connectivity by performing the following steps:
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1. In Fluent Launcher, restore the default settings by clicking the Default button.
2. Select 3D under Dimension.

3. Enable Display Mesh After Reading under Display Options.

4. Make sure that Double Precision is disabled under Options.

5. Select Parallel under Processing Options.

6. Set the Processes to 2.

7. Click the Show More Options button and open the Parallel Settings tab.

a. Retain the selection of default in the Interconnects and MPI Types drop-down lists.

Note

On Windows platforms, default is the only available selection for Interconnects.

b. Select Distributed Memory on a Cluster under Run Types.

Note

The Fluent Root Path (in the General Options tab) should be specified as a network
path for running Fluent across multiple machines, unless Fluent is installed in the
exact same location on all of the machines that you listed for running in parallel. You

can click |i?| to convert your Fluent Root Path to a network path.

c. Make sure that File Containing Machine Names is selected to specify the file.

d. Type the name and location of the hosts text file in the text box below File Containing Machine Names,
or browse and select it using the Browsing Machine File dialog box.

Alternatively, you can select Machine Names and type the names of the machines in the text box.

8. Click OK.

Note

If you are using a Windows platform, you will need to enter your password for MPI the
first time you run ANSYS Fluent using Distributed Memory on a Cluster.
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You can also start parallel ANSYS Fluent by typing the following at the command prompt:

fluent 3d -t2

-cnf=fluent. hosts

where - cnf indicates the location of the hosts text file. The hosts file is a text file that contains a
list of the computers on which you want to run the parallel job. If the hosts file is not located in the
directory where you are typing the startup command, you will need to supply the full pathname to

the file.

For example, the f | uent . host s file may look like the following:

ny_conput er
anot her _conput er
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For additional information about hosts files and parallel command line options, see the Fluent User's
Guide, available in the help viewer or on the ANSYS Customer Portal (http://support.ansys.com/

documentation).

9. Check the network connectivity information.

Although ANSYS Fluent displays a message confirming the connection to each new compute node and
summarizing the host and node processes defined, you may find it useful to review the same information
at some time during your session, especially if more compute nodes are spawned to several different

machines.

“T parallel - Network - Connectivity...

E Parallel Conne... @

Compute Node
0 (&)
=]

| Print | |Close| | Help |

-

a. Set Compute Node

to 0.

For information about all defined compute nodes, you will select node 0, since this is the node from
which all other nodes are spawned.

b. Click Print.

nl my_conput er
no* my_conput er
host my_conputer

MPl Option Sel ected:

i brmpi

W ndows- x64
W ndows- x64
W ndows- x64

Sel ected systeminterconnect: default

31588
31736
21192

Intel (R} Xeon(R) E5-2687W
Intel (R} Xeon(R) E5-2687W
Intel (R} Xeon(R) E5-2687W

ID is the sequential denomination of each compute node (the host process is always host), Hostname
is the name of the machine hosting the compute node (or the host process), Core is the core num-
ber / total number of cores available, O.S. is the architecture, PID is the process ID number, and Vendor
is the vendor of the processor. Information about the selected MPI option and system interconnect

is provided at the bottom of the report.

c. Close the Parallel Connectivity dialog box.

3.5.2. Reading and Partitioning the Mesh

When you use the parallel solver, you need to subdivide (or partition) the mesh into groups of cells that can
be solved on separate processors. If you read an unpartitioned mesh into the parallel solver, ANSYS Fluent will
automatically partition it using the default partition settings. You can then check the partitions to see if you
need to modify the settings and repartition the mesh.

1. Inspect the automatic partitioning settings.
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— Parallel . General - Auto Partition...

e =

E Auto Partition Mesh @
Method Opftimizations
Metis Pra-Test
| Case File

rOcc Frnoc

HAbllbas LTSS

[Dl{] | Cancel| | Help|

If the Case File option is enabled (the default setting), and there exists a valid partition section in the
case file (that is, one where the number of partitions in the case file divides evenly into the number of
compute nodes), then that partition information will be used rather than repartitioning the mesh. You
need to disable the Case File option only if you want to change other parameters in the Auto Partition
Mesh dialog box.

a. Make sure that Case File is enabled.

When the Case File option is enabled, ANSYS Fluent will automatically select a partitioning method
for you. This is the preferred initial approach for most problems. In the next step, you will inspect the
partitions created and be able to change them, if required.

b. Click OK to close the Auto Partition Mesh dialog box.

Read the case file el bow2. cas. gz.

|—‘:E File —~ Read - Case...

Examine the front view of the symmetry mesh zone (Figure 3.23: Mesh Along the Symmetry Plane for the
Mixing Elbow (p. 196)).
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Figure 3.23: Mesh Along the Symmetry Plane for the Mixing Elbow

L Mesh B8

4. Check the partition information.

@ Parallel — General -. Partition/Load Balance...
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-

—

= Partitioning and Load Balancing @
Mathod
[ Metis - |
| Options | Optimzation Welighting Dynamic Load Bakkncing Fones | ﬁ = 5 %
Number of Partidons 2 |+  fluid
Reporting Verbosity 1 =
ACTNSS 7ONAS
| Laplace Smoothing
Reordering Methods — — —
@ Archiecture Aware Registers [0/0 il e
*' Reverse CuthikMckes
| Print Active Partiions | | Print Stored Partitions | | Use Stored Partitions
[ Sot Salected Zones and Registers to Partition ID ] ] =
| Partition | | Reorder | | Defautt | |Help |
a. Click Print Active Partitions.
ANSYS Fluent will print the active partition statistics in the console.
2 Active Partitions:
P Cells I-Cells Cell Ratio Faces | -Faces Face Rati o Nei ghbors Load Ext Cells
0 11570 439 0. 038 37868 633 0.017 1 1 410
1 11305 410 0. 036 37856 633 0.017 1 1 439
Col l ective Partition Statistics: M ni mrum  Maxi rum  Tot al
Cel | count 11305 11570 22875
Mean cell count deviation -1.2% 1.2%
Partition boundary cell count 410 439 849
Partition boundary cell count ratio 3.6% 3.8% 3. 7%
Face count 37856 37868 75091
Mean face count deviation -0.0% 0. 0%
Partition boundary face count 633 633 633
Partition boundary face count ratio 1. 7% 1.7% 0.8%
Partition nei ghbor count 1 1
Partition Method Meti s
Stored Partition Count 2

Note

ANSYS Fluent distinguishes between two cell partition schemes within a parallel
problem: the active cell partition, and the stored cell partition. Here, both are set to
the cell partition that was created upon reading the case file. If you repartition the
mesh using the Partitioning and Load Balancing dialog box, the new partition will
be referred to as the stored cell partition. To make it the active cell partition, you
need to click the Use Stored Partitions button in the Partitioning and Load Balan-
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C.

cing dialog box. The active cell partition is used for the current calculation, while the
stored cell partition (the last partition performed) is used when you save a case file.
This distinction is made mainly to allow you to partition a case on one machine or
network of machines and solve it on a different one.

For details, see the chapter on parallel processing in the Fluent User's Guide, available in the
help viewer or on the ANSYS Customer Portal (http://support.ansys.com/documentation).

Review the partition statistics.

An optimal partition should produce an equal number of cells in each partition for load balancing,

a minimum number of partition interfaces to reduce interpartition communication, and a minimum
number of partition neighbors to reduce the startup time for communication. In the displayed partition
statistics, you will be looking for relatively small values of mean cell and face count deviation, and
total partition boundary cell and face count ratio. Values less than 5% are considered reasonable in
most cases. However, with very large core counts and/or especially complex cases, larger values may

be unavoidable.

Close the Partitioning and Load Balancing dialog box.

5. Examine the partitions graphically.

a.

Initialize the solution using the default values.

| B Solving - Initialization - Initialize

In order to use the Contours dialog box to inspect the partition you just created, you have to initialize
the solution, even though you are not going to solve the problem at this point. The default values
are sufficient for this initialization.

Display the cell partitions (Figure 3.24: Cell Partitions (p. 200)).

|_‘:E Postprocessing - Graphics - Contours - Edit...
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P

Contours @

Options Contours of
Filed Cell Info... -
Node Values  a e cel Partition -
Global Range _

Min Mazx

Auto Range -
Clip to Range Y L

vt s EEEE
Surfaces Filter Text =7
["] Draw Mesh

default-intericr
pressure-outlet-7

S

G Banded velocity-inlet-5

) Smooth velocity-inlet-6

Levels  Setup wall
7=0_outlet

2 =11 =

[D'Lspla}r] [ Compute ] [ Close ] [ Help ]

Make sure that Filled is selected in the Options group box.

ii. Select Cell Info... and Active Cell Partition from the Contours of drop-down lists.
iii. Select symmetry from the Surfaces selection list.

iv. Set Levels to 2, which is the number of compute nodes.

v. Click Display and close the Contours dialog box.
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Figure 3.24: Cell Partitions

Contours of Active Cell Partition [x]

5.00e-M

0.00e+00

As shown in Figure 3.24: Cell Partitions (p. 200), the cell partitions are acceptable for this problem. The
position of the interface reveals that the criteria mentioned earlier will be matched. If you are dissat-
isfied with the partitions, you can use the Partitioning and Load Balancing dialog box to repartition
the mesh. Recall that, if you want to use the modified partitions for a calculation, you will need to
make the stored cell partition the active cell partition by either clicking the Use Stored Partitions

button in the Partitioning and Load Balancing dialog box or saving the case file and reading it
back into ANSYS Fluent.

For details about the procedure and options for manually partitioning a mesh, see the Fluent
User's Guide, available in the help viewer or on the ANSYS Customer Portal (http://support.an-
sys.com/documentation).

6. Save the case file with the partitioned mesh (el bow4. cas. gz).

@ File - Write - Case...
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3.5.3.Solution

1. Initialize the flow field.
I_EE Solving - Initialization

Initialization

Method Patch...
@ Hybrid  mMore Settings... '

Standard t=0
Initialize
a. Make sure that Hybrid is selected under Method (this is the default).

b. Click Initialize.

A Question dialog box will open, asking if you want to discard the data generated during the first
initialization, which was used to inspect the cell partitions.

c. Click OK in the Question dialog box to discard the data.

2. Enable the plotting of residuals during the calculation.

|_:E Solving - Reports -, Residuals...

3. Start the calculation by requesting 90 iterations.

|—‘:E Solving - Run Calculation

A Question dialog box will open, warning that out | et -t enp-avg-rfil e. out already exists and
asking if you want to create a new file. Click Yes.

The solution will converge in approximately 36 iterations.

4. Save the data file (el bow4. dat . gz).

|_‘:E File -~ Write - Data...

3.5.4. Checking Parallel Performance

Generally, you will use the parallel solver for large, computationally intensive problems, and you will want
to check the parallel performance to determine if any optimization is required. Although the example in this
tutorial is a simple 3D case, you will check the parallel performance as an exercise.

For details, see the chapter on parallel processing in the Fluent User's Guide, available in the help
viewer or on the ANSYS Customer Portal (http://support.ansys.com/documentation).

= Parallel - Timer - Usage

Performance Tiner for 36 iterations on 2 conmpute nodes

Average wal | -clock tine per iteration: 0. 097 sec

d obal reductions per iteration: 55 ops

d obal reductions tinme per iteration: 0. 000 sec (0.0%
Message count per iteration: 637 nessages
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Data transfer per iteration: 0.550 MB

LE sol ves per iteration: 4 sol ves

LE wall -clock time per iteration: 0.046 sec (47.7%
LE gl obal sol ves per iteration: 4 sol ves

LE gl obal wall-clock tinme per iteration: 0. 000 sec (0.1%
LE gl obal matrix maxi mum si ze: 30

AMG cycles per iteration: 6. 889 cycles

Rel axati on sweeps per iteration: 655 sweeps

Rel axati on exchanges per iteration: 0 exchanges
Total wall-clock time: 3. 499 sec

The most accurate way to evaluate parallel performance is by running the same parallel problem on 1 CPU
and on n CPUs, and comparing the Total wall-clock time (elapsed time for the iterations) in both cases.
Ideally you would want to have the Total wall-clock time with n CPUs be 1/ n times the Total wall-clock
time with 1 CPU. In practice, this improvement will be reduced by the performance of the communication
subsystem of your hardware, and the overhead of the parallel process itself.

Note

The wall clock time and the ratio of iterations to convergence time may differ depending on
the type of computer you are running (for example, Windows 64, Linux 64, and so on).

3.5.5.Postprocessing

Here, two plots are generated so that you can confirm that the results obtained with the parallel solver are
the same as those obtained previously with the serial solver.

1. Display an XY plot of temperature along the centerline of the outlet (Figure 3.25: Temperature Distribution
at the Outlet (p. 203)).

|_|:E Postprocessing - Plots - XY Plot - Edit...

-

& Solution XY Plot =
Optians Plot Direction Y Axis Function
| Mode Values X1 [Ternpemture... T]
| Boskon on X Axk Yo Static Temperatura v
Position on Y Axis 70 . i
= X Axis Function
| Write to File ——
Order Ponts [Dlrectmn Vector - ]
e Surfaces Fiter Taxt = 57 @
Fie Data =] =
Load File... default-interior
— pressure-outlet-7
Free Data symmetry
velocity-inlet-3
velocity-inlet-&
wall

MNew Surface =

[Plut] [Axas...] [ches...] [Elnse] Halp]
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a. Select Temperature... and Static Temperature from the Y Axis Function drop-down lists.
b. Select z=0_outlet from the Surfaces selection list.
¢. Click Plot and close the Solution XY Plot dialog box.

Figure 3.25: Temperature Distribution at the Outlet

= Scaled Residuals [x] | Static Temperature

2 03e4+02 -
2.02e+02

281e+02

2.00e+02 : : ; : : : : : |
25 4 4.5 5 55 2] 6.5 7 75 ]

FPosition (in)

Compare the plot of Temperature at the Outlet with the serial solution shown in Figure 3.20: Outlet
Temperature Profile for the Adapted Coupled Solver Solution (p. 186).

2. Display filled contours of the custom field function dynamic-head (Figure 3.26: Contours of the Custom
Field Function, Dynamic Head (p. 205)).

@ Postprocessing - Graphics - Contours - Edit...
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i

Contours @

Options Contours of

Filled Custom Field Functions... *]

Mode Values

Global Range

Auto Range
Clip to Range 0 973.0163

et syt BEEEE
Surfaces Filter Text =7
["] Draw Mash

default-intericr
pressure-outlet-7

dynamic-head -

Min Max

Coloring
@ Banded velocity-inlet-5
() Smooth velocity-inlet-6
Levels  Setup wall
z=0_outlet

20 =1 =

[ D'Lsplayf] [ Compute ] [Cluse] [ Help ]

a. Select Custom Field Functions... and dynamic-head from the Contours of drop-down lists.

b. Enter 20 for Levels.

c. Select symmetry from the Surfaces selection list.

d. Click Display and close the Contours dialog box.
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Figure 3.26: Contours of the Custom Field Function, Dynamic Head

/B scaled Residuals [ ] Contours of dynamic-head [EJ

5.84e+02
5. 35e+02
487e+02
4 38e+02
3.859e+02
34 e+02
292e+02
243e+02
1.85e+02
1 46e+02
H.73e+01
487e+01
0.00e+00

3.6. 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.
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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 El-
bow (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. 121)

and that you are familiar with the ANSYS Fluent tree and ribbon 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. 208). 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
cm 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. 208). 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 (T ;) is 400 K and the bulk temperature of the cross flow water (T;,;) is 300 K. The properties
of water that are used in the model are shown in Figure 4.1: Schematic of the Problem (p. 208).

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 18.0 under Version.
5. Select this tutorial from the list.
6. Click the periodic_flow_heat_R180.zip link to download the input files.
7. Unzip periodi c_fl ow_heat _R180. zi p 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 the Fluent Launcher, see starting ANSYS Fluent using the Fluent Launcher
in the Fluent Getting Started Guide.
9. Ensure that the Display Mesh After Reading 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 t ubebank. nsh.

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc.and its subsidiaries and affiliates. 209


https://support.ansys.com/training

Modeling Periodic Flow and Heat Transfer

|_|:E File —~ Read - Mesh...

2. Check the mesh.

|_‘:E Setting Up Domain - Mesh - 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.

|—‘:E Setting Up Domain - Mesh - Scale...

e

E Scale Mesh @
Domgin Extents Scaling
¥rmin (rm) 0 ¥rmax (m) 0.04 @ Convert Units
Ymin (m) 0 Yrmax (m) 0.01 Specify Scaling Factors
Mesh Was Created In
[cm v
View Length Unit In Scaling Factors
m i ¥ |0.01

Y |0.01

Scale Unscale

(e

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.

|—‘:E Setting Up Domain - Mesh - 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.211)).
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Figure 4.2: Mesh for the Periodic Tube Bank
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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. 211)).
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.

Tip

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.

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 to the prompts as shown. Press Enter after each entry.
> nesh/ nodi fy- zones/ nake- peri odi ¢ Enter

You will be prompted to enter the zones corresponding to the periodic boundaries and specify
the configuration of the periodicity.
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Periodic zone [()] 9 Enter
Shadow zone [()] 12 Enter

Rot ati onal periodic? (if no, translational) [yes] no Enter
Create periodic zones? [yes] yes Enter

Auto detect translation vector? [yes] yes Enter
zone 12 del eted

created periodic zones.
4.4.3.General Settings
1. Retain the default settings for the solver.

|_|:E Setting Up Physics - Solver

Solver
Time Type Velocity Formulation Operating Conditions...
@ Steady @ Pressure-Based @ Absolute
Transient Density-Based Relative @ Reference Values...

Planar

4.4.4. Models

1. Enable heat transfer.

I_EE Setting Up Physics -~ Models - Energy
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.

I|1-'-Setup - “*Materials - Fluid - Create/Edit...

a. Click Fluent Database... in the Create/Edit Materials dialog box to open the Fluent Database Mater-
ials dialog box.
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P

Fluent Database Materials

Fluent Fluid Materials [1/563]

Material Type

| fluid -

vinyl-silylidene (h2cchsih)
vinyl-trichlorosilane (sicl3ch2ch)
vinylidene-chloride (ch2ccl2)

water-liquid (h2o=|=)

water-vapor (h2o) [
wood-volatiles (wood_vol)

EEE

Copy Materials from Case... | | Delete

Properties

Order Materials by
@ Name
() Chemical Formula

Density [kgfrrB]l[cunant

Cp (Specific Heat) Ejfkg—k][cunsﬁnt

Thermal Conductivity [w,"m—k][cunslant

Viscosity (ka/m-s) [ constant

x| view... | =
998.2 -

x| view...|
4182

x| view...
0.6

x || view...
0.001003 i

Edit...

MNew...

Save [Cnpy] [Cluse] [Help]

-

i. Select water-liquid (h2o<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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= Create/Edit Materials [
Hama Materil Type Order Matarzk by
waaker-iguid fiuid x| @ Hame
Chemical Formuiz Fluent Fuid Materils © Chemical Formula
h2o<ls» water-iguid (h2o<l) = (Rient pambasne )
Aotre | [User-Defined Datzbase... |
Froparties
Density (kg/m3)| constant =][Ed... | 2
9oE.2
Cp (Speciic Heat) U,I'kg-k‘_l[cnnsmnt v] Edit...
4162
Thermal Conduckivity (wim-k) | constant = || Edit.
0.6
v&smsty{kg.fm-s‘_l[mnmnt '] Edit... | |-
[[hangefn'eate | Delete] [chae] |Flp|

b. Click Change/Create and close the Create/Edit Materials dialog box.

4.4.6.Cell Zone Conditions

1.

Fre Setup - +*Cell Zone Conditions -

Set the cell zone conditions for the continuum fluid zone (fluid-16).

fluid-16 - Edit...

1 Fhuid =
Zong Nami
fuid-16
Material Ha‘rne[vmter—bquid "] [&I
| Frame Mobien || Source Terms:
Mash Motion  [C] Fixed Values
[ Pareus Zane
| Referance Frame | Mash Maotion | Porous Zane | D Fan Zona | Embadded LES | Reaction | Sourca Temms | Feeed Values | Mulbphase

Ratation-Axis Qngn
Xm0 constant -|
Ym0 constant |

(58] (cncl] (e

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

b. Click OK to close the Fluid dialog box.
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4.4.7.Periodic Conditions

1. Define the periodic flow conditions.

I|1-'-Setup - 1'v"Boundary Conditions -

-

periodic-9 - Periodic Conditions...

E Periodic Conditions

Type
@ Specify Mass Flow
Specify Pressure Gradient

Flowr Direction
X1

Y0

S
2|0

Mass Flow Rate (koy's) Relaxation Factor

[Dl{] | Update | | Cancel| | Help |

0.05 0.5

Pressure Gradient (pascal/m) Murmber of Iterations
] 2

Upstreamn Bulk Termperature (k)

300

-

X5

-
-

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.

¢. 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).

I|1-'_Setup - *v'Boundary Conditions -

= wall-21 - Edit...
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Wall

Zone Mame
wall-bottom
Adjacent Cell Zone
fiid-16

Momentum | Thermal | Radiation | Species | DPM | Mukiphase | ubs | WallFim | Potentil |

Therral Condiions

' Heat Flux Termnperature (k] 400 Lcnnsnnt

8 Tamperature Wwall Thicknass (m) 0
) Convection _ |
Radition Heat Gaeneration Rate (w/m3) 0 constant

&) [

4

7 Mixed
via System Couplng

vig Mapped Interface

Material Hamsa

|aluminum '] Edi... |

Cancel @

a. Enterwal | - bot t omfor 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.
¢. Click OK to close the Wall dialog box.

2. Set the boundary conditions for the top wall of the right tube (wall-3).

I|1-'-Setup - ‘:'Boundary Conditions - wall-3 - Edit...
a. Enterwal | -t op 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.

|_‘:E Solving - Solution - Methods...
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Solution Methods

Pressure-Velocity Coupling
Scheme

[Cnupled

Spatial Discretization

Gradient

[Least Squares Cell Based

Pressure

[Secund Order

Maomentum

[Secund Order Upwind

Energy

[Secund Order Upwind

Transient Formulation

Mon-Iterative Time Advancement

Frozen Flux Formulation
Pseudo Transient

[] warped-Face Gradient Correction

[~ High Order Term Relaxation

a.
b.
group box.
C.
d.
e. Enable Pseudo Transient.

Select Coupled from the Scheme drop-down list in the Pressure-Velocity Coupling group box.

Retain the default setting of Least Squares Cell Based for the Gradient in the Spatial Discretization

Retain the default setting of Second Order for the Pressure drop-down list.

Retain the default setting of Second Order Upwind in the Momentum and Energy drop-down lists.

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.

Set the solution controls.

["™=F Solving - Controls - Controls...
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Solution Controls
Pseudo Transient Explicit Relaxation Factors

Pressure

0.5
Momentum
0.5

Density

1

Body Forces
1

Energy

0.75

m

[Equatiuns... ] [Lim'rts... ] [Adwnced...

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
the Fluent User's Guide.

3. Enable the plotting of residuals during the calculation.

Solving -

P

Reports - Residuals...

E Residual Monitors
Options Equations
[¥] Print to Console Residuzl Monitor Check Convergence Absolute Criteri -
4] plot continuity i W] 0.001
Window ¥velogity v [ 0.001 =
1 | [Cunres... ”Axas...] y-velocity i [v] 0.001
Iterations to Plot Bnergy =1 le-06 il
1000 =1 Residual Valuas Convergence Criterion
] Normalize Iterations |absolute v
lterations to Store 5
1000 = V| Scale Convergence Conditions...
| Compute Local Scale
[F'lutl | Renormalize | [C‘anceI] [Heb]

a. Ensure Plot is enabled in the Options group box.

b. Click OK to close the Residual Monitors dialog box.
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4, Initialize the solution.

You will first use the default Hybrid initialization method and then patch the fluid zone with the upstream
temperature value.

a. Initialize using the default settings.

["™== solving - Initialization _ Initialize
b. 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.

F‘EE Solving - Initialization - Patch...

& ratch

Reference FRme Velue (k)

) a0 B G E'W— Zones to Patch Fitar Text @ E @

Absoluta flund-16
[7] use Field Function
Varable

Field Function
Pressure c

X Velocity

¥ Velocity —
T Regiters o Patch [0/0] =2 EE

Phi for wall distance

\Patch | [ Close | [ Help

i. Select Temperature in the Variable selection list.
ii. Enter 300 for Value (k).
Recall that the upstream bulk temperature, Ty, 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 casefile (t ubebank. cas. gz).

™= File - Write - Case...

6. Start the calculation by requesting 350 iterations.

e Solving - Run Calculation
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Run Calculation

I
.

Mo. of Iterations 350 =
Input Summary...

\

Advanced... ' Check Case Calculate

a. Enter 350 for No. of Iterations.
b. Click Calculate.
The solution will converge in approximately 111 iterations.

7. Save the case and data files (t ubebank. cas. gz and t ubebank. dat . gz).

|_|:E File -~ Write - Case & Data...

4.4.10.Postprocessing

1. Display filled contours of static pressure (Figure 4.3: Contours of Static Pressure (p.221)).

|_':E Postprocessing - Graphics - Contours - Edit...

i =

E Contours @

Options Contours of
Fill=d [Pressure... v]
N;Jielﬁ.-’alues Static Pressure -
Global Range
9 Min Max
Auto Range - -
Clip to Range 4 -
[”] Draw Profiles F— - @ E @
Surfaces Filter Text =
["] Draw Mesh E .
interior-15 -
ok pericdic-9
- oloring syrmmetry-11 |
q Banded symmetry-13 3
) Smooth symmetry-18
Levels  Setup symmetry-24
50 ~In — | wall-bottom -

[ Dlspla*_.r] [ Cormpute ] [ 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. 222)).

IE Viewing - Display - Views...

Views Actions Mirror Planes [4/4] E @
-

back

bottom Auta Scale symmetry-18

front o ]

isometric eviou

eft

right Delste

t

7 —
periodic Repeats

Save Mame
wiew-0

[ Apply | [ Camera... | [ Close | [ Help |
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i. Select all of the symmetry zones (symmetry-18, symmetry-13, symmetry-11,and symmetry-24)

in the Mirror Planes selection list by clicking 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 composed 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. 222) 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. 222)).

Figure 4.4: Contours of Static Pressure with Symmetry
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e

The pressure contours displayed in Figure 4.4: Contours of Static Pressure with Symmetry (p. 222) 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.223)).

@ Postprocessing - Graphics - Contours - Edit...
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ﬁ

Options Contours of

Filled [Tenperature... *]

Node Values Static Temperature -

Global Range i Max (k

Auto Range in (k) ax (K]

[ Clip to Range 277.1682 ||400 |

Draw Profiles : - @ E @

B Surfaces Filter Text %
interior-15 -

) periodic-2

Fﬂb”ng syrmmetry-11

':?E' Banded syrnmetry-13

) Smooth symmetry-18

Levels Setup symmetry-24

wall-bottom -

20 Bl1 B

[D'spla*,r] [Corr‘pute] [Cbﬁe] [Heb]

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

b. Click Display and close the Contours dialog box.

Figure 4.5: Contours of Static Temperature
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The contours in Figure 4.5: Contours of Static Temperature (p. 223) 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. 225)).

I_EE Postprocessing - Graphics - Vectors - Edit...

i )

E Vectors @

Options Vectors of
Global Range | Velocity -
Auto Range Color by
Clip to Range ['n.l’elnc'rty... v]
[¥] Auto Scale PREr——
[C] Draw Mesh elocity Magnitude
Min Mazx
Style 0 a
[armw v]
Scale Skip Surfaces Filter Text @ @
2 0 - interior-15 o
| Vector Options... | | periodic-9
syrnmetry-11 =
[Custcrm Vectors... ] symmetry-13
syrnmetry-18
symmetry-24 =

[ Dlspla*_.r] [ 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. 225)), 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. 225) clearly shows the re-
circulating flow behind the tube and the boundary layer development along the tube surface.

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information
224 of ANSYS, Inc.and its subsidiaries and affiliates.



Setup and Solution

Figure 4.6: Velocity Vectors
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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.

IE Setting Up Domain - Surface - Create - Iso-Surface...

Surface of Constant

[@sosutce &=

[Mesh...

= ] From Surface Fiter Taxt

¥-Coordinate - i"'“_fizfg

' periodic
i {m) Max (m) opmetry-11
0 0.04 ymmetry-13
Iea-Values (im) symimetry-18
n.oi symimetry-24

B EEH

i

<[l

Mew Surface Name

*  From Zones Fiter Text

=55

fluid-16

w-coordnate-9

[Cmata] [Cumputﬁ] IHanau&...] |l:h'i&] [Help]
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a. Select Mesh... and X-Coordinate from the Surface of Constant drop-down lists.
b. Enter 0. 01 for Iso-Values.
c. Enter x=0. 01 mfor New Surface Name.

d. Click Create.

5. Inasimilar 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

6. 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.

7. 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. 228)).

Postprocessing - Plots - XY Plot - Edit...

-

& Solution XY Plot ==

Options Plat Direction Y Axis Function

] Mode Values X0 [Ternpemture... T]

E ll:nsn:lnn on J':r s Y1 Static Temperature -
osition on Y Axis - |L i )

= & ¥ Axis Function

__| Write to File

[ Direction Vector ]

Surfaces Fiter Taxt Z=7] E @
Load File... symmetry-18 -

syrmrnetry-24
Free Data wall-bottom
wall-top

Order Points

Fle Data E| %

m

MNew Surface -

[Plat] [Axes...] [Cur-.res...] [clnse] Halp]

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.
c. Select x=0.01m, x=0.02m, and x=0.03m in the Surfaces selection list.

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.
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This dialog box is used to define plot styles for the different plot curves.

e

[Apph‘r] | Close | | Help |

E Curves - Solution XY Plot @
Curve # Line Style Marker Style
] = Pattern Symbol
|| ™
s Color Color
—_— |fnregrnund - | |ﬁ:|regr|:|und v|
Weight Size
1 0.3

-

i. Select + from the Symbol drop-down list.

Scroll up to find the + jtem.

ii. Click Apply to assign the + symbol to the x = 0.01 m curve.

iii. Setthe 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.

Click Plot and close the Solution XY Plot dialog box.
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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,

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 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. 121).
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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 reports 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 EI-
bow (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. 121)

and that you are familiar with the ANSYS Fluent tree and ribbon 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/ ¢=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. 230).

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.Solver
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 18.0 under Version.

5. Select this tutorial from the list.
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6. Click the external_compressible_R180.zip link to download the input files.
7. Unzip external _conpressi bl e_R180. zi p 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 the Fluent Launcher
in the Fluent Getting Started Guide.

9. Ensure that the Display Mesh After Reading 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 meshfileai rfoil . nsh.

|_‘:E File —~ Read - Mesh...

2. Check the mesh.

|_|:E Setting Up Domain - Mesh - 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.

3. Examine the mesh (Figure 5.2:The Entire Mesh (p. 232) and Figure 5.3: Magnified View of the Mesh Around
the Airfoil (p. 233)).
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Figure 5.2: The Entire Mesh
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Quadrilateral cells were used for this simple geometry because they can be stretched easily to account
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

for different flow gradients in different directions. In the present case,

mesh composed of quadrilateral and triangular cells.

A
4
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Figure 5.3: Magnified View of the Mesh Around the Airfoil
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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.

5.4.3.Solver

1. Set the solver settings.
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|_|:E Setting Up Physics - Solver

Solver
Time Type Velocity Formulation Operating Conditions...
@ Steady @) Pressure-Based (@) Absolute
Transient Density-Based Relative @ Reference Values...

Planar

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.

|_‘:E Setting Up Physics -~ Models - Viscous...

ra =

E Viscous Model @

Model Model Constants
Inviscid b1 m
Laminar 0.1355

@ Spalart-Allmaras (1 eqgn) Chz £
k-epsilon (2 egn) 0.622 -
k-omega (2 eqn) ovl
Transition k-kl-omega (3 eqgn) 71
Transition S5T (4 eqgn) ;

Cw2

Reynolds Stress (5 eqn)
Scale-Adaptive Simulation (5as) | 93
Detached Eddy Simulation (DES) =

Spalart-Allmaras Production User-Defined Functions
Vorticity-Based Turbulent Viscosity

@ Strain/Vorticity-Based |n|:+ne -

Options

Curvature Correction

[D}{] | Cancel| | Help |

a. Select Spalart-Allmaras (1eqn) in the Model list.
b. Select Strain/Vorticity-Based in the Spalart-Allmaras Production list.

¢. Retain the default settings in the Model Constants group box.

Release 18.0 - © SAS IR, Inc. Allrights reserved. - Contains proprietary and confidential information
234 of ANSYS, Inc.and its subsidiaries and affiliates.



Setup and Solution

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.

3

= Setup - Materials  Fluids - air O Edit...
B Create/Edit Materials [
Name Material Type Crer Materiais by
| air |ﬂl..ld - | | @ Name
. Chemical Formula
Chemical Formula FLUENT Fluid Materials
| [ar -] | FLUENT Database... |
| User-Defined Database. ..
e
Properities
Density (kg/m3) T .,J E
Cp (Spedfic Heat) (jho+) — .-] E
| 1006.43 3
Thermal Conductivity (w/m-) ——— - | Cdit
|u.|:2-'-2
Viscosity (kg/m-s) sutherland v| Edit...
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.
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E Sutherland Law @

Methods

Two Coeffident Method (SI Units Only)
@) Three Coefficent Method

Feference Viscosity, mud (ka/m-s) | 1716205 #

Reference Temperature, TO (k) | 373,11

Effective Temperature, 5 (k) | 110,55

| K, | |Cance|| |HEI|:| |

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.
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

Fr= Setup - *v'Boundary Conditions
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Boundary Conditions
Fona Fitar Taxt 'EI =
interiar-1
preccure-far-field-1
wall-bottem
wall-top
Phasa Typa m

micture 'I[pressure-far-ﬁeln:l 'r] 11

| Edt. | [coow.. ||profks.. |

Parameters...

| Operating Conditions... |

Periadic Conditions...

Set the boundary conditions for pressure-far-field-1.

i Setup - 1'v'Boundary Conditions -

i

pressure-far-field-1 - Edit...

Pressure Far-Field

Zone Name
pressure-far-figld-1

| Marmentum | Thermal | Radiation |

Species | Potential I DS |

Gauge Pressure (pascal) 0
Mach Mumber 0.8
¥-Component of Flow Direction 0.997564

Y-Component of Flow Direction 0.069756
Turbulence

[ constant

[ constant

[ constant

[ constant

Specification Method [ Turbulent Viscosity Ratio

Turbulent Viscosity Ratio 10

[cunsﬁnt

[DKJ | I:ancel| | Help |
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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. Enter0. 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.

r

Zone Mame
pressure-far-field-1

& Pressure Far-Field @

Momentum | Thermal Radiation | Species Potential | uDs | DPM |

Termnperature (k) 300 |cnn51::|nt v|

[l:]l{] | Cancel| | Help |

-

i. A. Click OK to close the Pressure Far-Field dialog box.

5.4.7.0perating Conditions

1. Set the operating pressure.

Fre Setup - 1'v"Boundary Conditions - Operating Conditions...
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e

ﬂ{)perating Conditions
Pressure
Operating Pressure (pascal)
101325 (F]
Reference Pressure Location
¥(m) 0
Y (m) 0

Gravity
Gravity

=] (=]

=

[DI{] | Cancel| | Help |

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.

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 the Fluent User's Guide.

5.4.8.Solution

1. Set the solution parameters.

|_:E Solving - Solution -, Methods...
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Solution Methods
Pressure-Velcity Coupling

Schame
[ Coupled v]
Spatial Discretization
Gradient -
| Lazst Sguaras Cell Based =i
Pressura
[Eemnd Order v-_
Densty =
[secand Order Upwind -
Momentum
| Second Order Upwind ~7
Modified Turbulent Viscosiy
[5econd Order Upwing =] .
Trangient Farmulatan

Mon=lteratere Time Advancement

Frozan Fux Formulation

Wamped-Face Gradient Corraction

| High Order Term Ralaxation Dptions. ..

[ pefau: |

| Pseudo Transient

n)

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.

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.

B Solving - Controls - Controls...
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Solution Controls
Pseudo Transient Explicit Relaxation Factors
Pressure -
0.5
Momantum
0.5
Density
0.5
Body Forces
1
Modified Turbulent Viscosity
0.9

=TI T R T T

: Deﬁmh:]

1

Egquations... l [LirritE... | Iﬁ.dvanced.,,

[Heb

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.

I_EE Solving - Reports - Residuals...
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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 % 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.
11-'_ Solution - ‘+'Solution Initialization

Solution Initialization
Initizlization Methods
@ Hybrid Initialization
(©) Standard Initialization

[Mnre Settings... ][ Initialize ]

Reset DPM Sources | | Reset Statistics

a. Retain the default selection of Hybrid Initialization from the Initialization Methods group box.

b. Click Initialize to initialize the solution.
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¢. 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 Enter inthe consoleto getthe command prompt (>).

ii. Enter the text commands and input responses as shown in the boxes. Accept the default values by
pressing Ent er when noinput response is given:

solve/initializel/set-fng-initialization

Custom ze your FMG initialization:
set the nunmber of nultigrid levels [5]

set FMG paraneters on levels ..

resi dual reduction on level 1 is: [0.001]
nunber of cycles on level 1 is: [10] 100

resi dual reduction on level 2 is: [0.001]
nunber of cycles on level 2 is: [50] 100

resi dual reduction on level 3 is: [0.001]
nunber of cycles on level 3 is: [100]

resi dual reduction on level 4 is: [0.001]
nunber of cycles on level 4 is: [500]

resi dual reduction on level 5 [coarsest grid] is: [0.001]
nunber of cycles on level 5 is: [500]

* FMG custom zation conplete
set FMG courant - nunber [0.75]
enabl e FMG verbose? [no] yes

solvel/initialize/frng-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 the Fluent User's Guide.

5. Save the case and datafiles(ai rfoil .cas.gzandairfoil.dat.gz).

" File - Write — Case & Data...
It is good practice to save the case and data files during several stages of your case setup.

6. Start the calculation by requesting 50 iterations.

|_|:E Solving - Run Calculation
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a. Enter 50 for No. of Iterations.
b. Click Calculate.

By performing some iterations before setting up the force reports, you will avoid large initial transients
in the report 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.

= Setup - *~’Reference Values

The reference values are used to non-dimensionalize the forces and moments acting on the airfoil. The
dimensionless forces and moments are the lift, drag, and moment coefficients.

Reference Values
Compute from
pressure-far-fisld-1 -
Reference Values
Area (m2) 1
Density (kg/m3) 1.176674
Cepth (m} 1
Enthalpy (j/kg) 40412.25
Length (m) 1

Pressure (pasczl) 0

Termperature (k) 300
Velocity (m/s) 277.6702
Viscosity (kg/mes) 1.7804e-05
Ratio of Specific Heats 1.4

Reference Zone
fluid-16 b

Help

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.

8. Create a force report definition to plot and write the drag coefficient for the walls of the airfoil.

|_:E Solving - Reports -, Definitions -~ New - Force Report - Drag...
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Drag Report Definition
Hame
cd-1
Options

| Per Zome
Average Over(Iterations)

1 =
Force Vector
X A v

0.5976 0.06576 1

Report Files [0/0]

&l
dl
]

Roport Quiput Type
@ Drag Coefficient
| Drag Force

Wall Zones Fiter Text

wall-bottam

1\'ui|-t;;|

Report Plots [0/0] E| =

[l]

Create
[+#] Raport Fle
|+#] Raport Plot
Freguency 1 (%
[ Print to Consaole

E Create Output Parameter

[compute] [coneel] [Feb)

Bl

a. Enter cd- 1 for Name.

b. Make sure that Drag Coefficient is selected in the Report Output Type group box.

c. Inthe Create group box, enable Report Plot.

d. Enable Report File to save the report history to a file.

Note

If you do not enable the Report File option, the history information will be lost when
you exit ANSYS Fluent.

Select wall-bottom and wall-top in the Wall Zones selection list.

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.
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g. Click OK to close the Drag Report Definition dialog box.

9. Similarly, create a force report definition for the lift coefficient.

I:EE Solving - Reports - Definitions - New - Force Report - Lift...

Lift Report Definition
Hame
ckl
Options Report Output Type
@) Lt Coefficient
“ Lt Faree

[”] per Zane wall Zonas Fiter Text [%| l.E,] [%] '_=x]
Averaga Ovar(Iterations)

3 -
- -

wall-bottom

1\'ui|-t;;|

Force Vecior
X ¥ v
-0.06528 0.9976 1

faport Flas [0/1] = W=

[l

cd-L-rfile
Repart Plots [0/1] = = =
cd-L-rplok
Craate

[+#] Report Fle
|+] Report Plot
Freguency 1[5
[ Print to Console

E Create Qutput Parameter

[compute] [concel] [1eb)

Enter the values for X and Y shown in the Lift Report Definition 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, create a force report definition for the moment coefficient.

|m " Solving - Reports - Definitions — New - Force Report - Moment...
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Moment Report Definition
Hame
ol

Optians Wall Fones Fiter Text =| &= EI

|| per zone

Average Over(Iterations)

1 =
Moment Center

X (m) ¥ (m) Z(m)
0.25 a 1

Moment Axis
X i F
]

Report Fies [0/2] = S

(el

cd-1-rfile
cl-1-rfile

Raport Plate [0/2] =| &

(]

cel-1-rplot
cl-1-rplot

Create

[+#] Report Fie

|+] Report Plot
Frequency 1 -
[] Print to Console

|_ Create Output Parameter

[compute] [concel] [1eb)

Enter the values for the Moment Center and Moment Axis shown in the Moment Report Definition
dialog box.

11. Display filled contours of pressure overlaid with the mesh in preparation for creating a surface report

definition (Figure 5.4: Pressure Contours After 50 Iterations (p. 249) and Figure 5.5: Magnified View of Pressure
Contours Showing Wall-Adjacent Cells (p. 250)).

IWEE Postprocessing - Graphics -~ Contours - Edit...
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Contours

|| Clip to Range
|| Draw Profias
V| Draw Mash

Options Contours of

| Filed [Pressure... =
El Node Values Static Pressure -
'7] ot Ratigs Min Max

[¥] Auto Range o IE '

Surfaces Fiter Text

|
EEEE

Coloring
'@ Bandad
() Smooth

Levels  Satup

inteniorl
pressure-far-field-1
wall-bettorm
wall-top

2w 5

1 &

ID'spla?] !Eurnpute | | Chse| |Heb

a. Enable Filled in the Options group box.

b. Enable Draw Mesh to open the Mesh Display dialog box.

P

Mesh Display
Options Edge Type
- o S Surfaces Filter Text
] nodes Q@ Al
Edges () Feature |[fNTSTIS]
|:| Faces () Outline pressure-far-field-1
] Partitions wall-bottom
Overset wall-top
Shrink Factor Feature Angle
] 20
| Outline | | Interior |

Adjacency...

]
SEEE

Mew Surface -

[D'Eplay] |C|:+h:rr5... | | Close | | Help |

-

i. Retain the

default settings.

ii. Close the Mesh Display dialog box.

c. Click Display and close the Contours dialog box.
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Figure 5.4: Pressure Contours After 50 Iterations

i

A

2

|

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. 250).
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Figure 5.5: Magnified View of Pressure Contours Showing Wall-Adjacent Cells

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 create a surface report definition.

12. Create a point surface just downstream of the shock wave.

IE Postprocessing - Surface - Create - Point...
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i )

& Point Surface @

Options Coordinates
:| Point Tool %0 (m) 0.53
Reset y0 (m) 0.051
20 (m) |0

Salect Point with Mouse

Mew Surface Mame
point-4

’I:reatei ’Manage,.,] ’EIuse| [Helﬂ

a. Enter 0. 53 mforx0and 0. 051 m for y0 in the Coordinates group box.
b. Retain the default entry of poi nt - 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. 252)).

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.

@ Solving - Reports - Residuals...
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E Residual Monitors @
Options Equations
Print to Console Residual Manitor j~
|| Plot continuity V]
Window w-velocity ] =
1 |:: [D.[nres... ” Axes...] y-velocity |i
Iterations to Plot enrzrgy I[i -
1000 i Residual Values Convergence Criterion
| Mormalize Tterations [none - |
Tterations to Store |5 2
1000 = V| Scle 'Cunvergenv:e Conditions... |
"] compute Local Scal
M lPInt] | Rennrrmll:el ‘f_‘anceIJ [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. Create a surface report definition 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, create a report definition at a point (just downstream of the shock) where there
is likely to be significant variation, and monitor the value of the velocity magnitude.

| Solving - Reports - Definitions -~ New - Surface Report -, Vertex Average...
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-

Surface Report Definition

Mame
surf-mon-1
Options

"] Per Surface
Average Over

1 e

Report Files [0/3] E\

cd-1-rfile
cl-1-rfile
cm-1-rfile

Report Plots [0/0] E’

Create
| Report File

|| Report Plot
Frequency 1[5
| Print to Console

|: Create Output Parameter

Report Type

Vertex Average

Custom Vectors

Vectors of

Custom Vectors...

Field Variable

| [velocity...

Velocity Magnitude

Surfacas Fiter Text

interior-1

p ressure-far-field-1
wall-bottom
wall-top

Mew Surface =

IUKI |Eurr||:|ute [Cancel [Helpl

a. Entersurf - non-1 for Name.

b. Select Velocity... and Velocity Magnitude from the Field Variable drop-down list.

c. Select point-4 in the Surfaces selection list.

d. In the Create group box, enable Report File, Report Plot and Print to Console.

e. Click OK to close the Surface Report Definition dialog box.

15. Save the case and datafiles (@i rfoi |l - 1. cas. gz andai rfoil - 1. dat. gz).

FEE File -~ Write - Case & Data...

16. Continue the calculation for 200 more iterations.

I:EE Solving - Run Calculation - Calculate
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The force reports (Figure 5.8: Drag Coefficient Convergence History (p. 256) and Figure 5.9: Lift Coefficient
Convergence History (p. 257)) show that the case is converged after approximately 200 iterations.

Figure 5.7: Velocity Magnitude History
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Figure 5.8: Drag Coefficient Convergence History

0.0550

I:II:I545 T T T T T T T T T T
25 a0 5 100 125 150 175 200 225 250

iteration

Release 18.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
256 of ANSYS, Inc. and its subsidiaries and affiliates.



Setup and Solution

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 datafiles (ai rf 0i | - 2. cas. gz andai rfoil - 2. dat. gz).

@ File -~ Write - Case & Data...

5.4.9. Postprocessing

1. Plot the y* distribution on the airfoil (Figure 5.11: XY Plot of y+ Distribution (p. 260)).

E Postprocessing - Plots - XY Plot - Edit...
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. "

Solution XY Plot ==
Options Plot Direction Y Axis Function
("] Node Values X1 [Turbulence... v]
Position on X Axis ¥ 0 wall Yplus -
Position on Y Axis rdli ¥ Axis Function

[C] write to File —
Order Points [Dlrectmn Vector

-]
He Dab E — @ Surfaces Fiter Text E] @
interior-1

point-4
pressure-far-field-1

wall-bottom
wall-top

[P'Int] [P.:-{es...] [Cuwes...] [Cluse] [Help]

Free Data

a. Disable Node Values in the Options group box.

b. Select Turbulence... and Wall Yplus from the Y Axis Function drop-down list.
Wall Yplus is available only for cell values.

c. Select wall-bottom and wall-top in the Surfaces selection list.

d. Click Plot and close the Solution XY Plot dialog box.

Note

The values of y* are dependent on the resolution of the mesh and the Reynolds number
of the flow, and are defined only in wall-adjacent cells. The value of y* in the wall-adjacent
cells dictates how wall shear stress is calculated. When you use the Spalart-Allmaras
model, you should check that y* of the wall-adjacent cells is either very small (on the
order of y*=1), or approximately 30 or greater. Otherwise, you should modify your mesh.

The equation for y* is

y=a\pta (5.1)

where y is the distance from the wall to the cell center, u is the molecular viscosity, p is
the density of the air, and t,, is the wall shear stress.

Figure 5.11: XY Plot of y+ Distribution (p. 260) indicates that, except for a few small regions
(notably at the shock and the trailing edge), y*>30 and for much of these regions it does
not drop significantly below 30. Therefore, you can conclude that the near-wall mesh
resolution is acceptable.
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Figure 5.11: XY Plot of y+ Distribution
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2. Display filled contours of Mach number (Figure 5.12: Contour Plot of Mach Number (p. 261)).

@ Postprocessing - Graphics - Contours - Edit...
a. Ensure Filled is enabled in the Options group box.

b. Select Velocity... and Mach Number from the Contours of drop-down list.

c. Click Display and close the Contours dialog box.

d. Zoom in on the region around the airfoil, as shown in Figure 5.12: Contour Plot of Mach Number (p. 261).
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Figure 5.12: Contour Plot of Mach Number

Note the discontinuity, in this case a shock, on the upper surface of the airfoil in Figure 5.12: Contour
Plot of Mach Number (p. 261) at about x/ c¢=0.45.

3. Plot the pressure distribution on the airfoil (Figure 5.13: XY Plot of Pressure (p. 262)).

IE Postprocessing - Plots - XY Plot - Edit...
a. Enable Node Values.
b. Select Pressure... and Pressure Coefficient from the Y Axis Function drop-down lists.

c. Click Plot.
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Figure 5.13: XY Plot of Pressure
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Notice the effect of the shock wave on the upper surface in Figure 5.13: XY Plot of Pressure (p. 262).

4. Plot the x component of wall shear stress on the airfoil surface (Figure 5.14: XY Plot of x Wall Shear
Stress (p. 263)).

a. Disable Node Values.
b. Select Wall Fluxes... and X-Wall Shear Stress from the Y Axis Function drop-down lists.
c. Click Plot and close the Solution XY Plot dialog box.

As shown in Figure 5.14: XY Plot of x Wall Shear Stress (p. 263), the large, adverse pressure gradient induced
by the shock causes the boundary layer to separate. The point of separation is where the wall shear stress
vanishes. Flow reversal is indicated here by negative values of the x component of the wall shear stress.
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Figure 5.14: XY Plot of x Wall Shear Stress
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5. Display filled contours of the x component of velocity (Figure 5.15: Contour Plot of x Component of Velo-
city (p. 264)).

@ Postprocessing - Graphics - Contours - Edit...

a. Ensure Filled is enabled in the Options group box.

b. Select Velocity... and X Velocity from the Contours of drop-down lists.
c. Click Display and close the Contours dialog box.

Note the flow reversal downstream of the shock in Figure 5.15: Contour Plot of x Component of Velo-
city (p. 264).
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Figure 5.15: Contour Plot of x Component of Velocity
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6. Plot velocity vectors (Figure 5.16: Plot of Velocity Vectors Downstream of the Shock (p. 265)).

IE Postprocessing - Graphics - Vectors - Edit...
a. Enter 15 for Scale.
b. Click Display and close the Vectors dialog box.

c. Zoom in on the flow above the upper surface at a point downstream of the shock, as shown in Fig-
ure 5.16: Plot of Velocity Vectors Downstream of the Shock (p. 265).
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Figure 5.16: Plot of Velocity Vectors Downstream of the Shock
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Flow reversal is clearly visible in Figure 5.16: Plot of Velocity Vectors Downstream of the Shock (p. 265).

5.5.Summary

This tutorial demonstrated how to set up and solve an external aerodynamics problem using the pressure-
based coupled solver with pseudo transient under-relaxation and the Spalart-Allmaras turbulence

model. It showed how to monitor convergence using force and surface report definitions, and demon-
strated the use of several postprocessing tools to examine the flow phenomena associated with a shock
wave.

5.6. 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 using an appropriate higher-order discretization scheme and by adapting the mesh.
Mesh adaption can also ensure that the solution is independent of the mesh. These steps are demon-
strated in Introduction to Using ANSYS Fluent: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 121).
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Chapter 6: Modeling Transient Compressible Flow

This tutorial is divided into the following sections:
6.1.Introduction
6.2. Prerequisites
6.3.Problem Description
6.4.Setup and Solution
6.5.Summary
6.6.Further Improvements

6.1.Introduction

In this tutorial, ANSYS Fluent’s density-based implicit solver is used to predict the time-dependent flow
through a two-dimensional nozzle. As an initial condition for the transient problem, a steady-state
solution is generated to provide the initial values for the mass flow rate at the nozzle exit.

This tutorial demonstrates how to do the following:

+ Calculate a steady-state solution (using the density-based implicit solver) as an initial condition for a transient
flow prediction.

+ Define a transient boundary condition using a user-defined function (UDF).
+ Use dynamic mesh adaption for both steady-state and transient flows.

+ Calculate a transient solution using the second-order implicit transient formulation and the density-based
implicit solver.

+ Create an animation of the transient flow using ANSYS Fluent’s transient solution animation feature.

6.2.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 EI-
bow (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. 121)

and that you are familiar with the ANSYS Fluent tree and ribbon structure. Some steps in the setup and
solution procedure will not be shown explicitly.
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6.3.Problem Description

The geometry to be considered in this tutorial is shown in Figure 6.1: Problem Specification (p. 268).
Flow through a simple nozzle is simulated as a 2D planar model. The nozzle has an inlet height of 0.2 m,
and the nozzle contours have a sinusoidal shape that produces a 20% reduction in flow area. Symmetry
allows only half of the nozzle to be modeled.

Figure 6.1: Problem Specification

Symmetry Plane

. T~ ]

Pt = 0.9 atm Paxr = 0.7360 atm

6.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
6.4.1.Preparation
6.4.2.Reading and Checking the Mesh
6.4.3.Solver and Analysis Type
6.4.4.Models
6.4.5. Materials
6.4.6. Operating Conditions
6.4.7.Boundary Conditions
6.4.8.Solution: Steady Flow
6.4.9.Enabling Time Dependence and Setting Transient Conditions
6.4.10.Specifying Solution Parameters for Transient Flow and Solving
6.4.11.Saving and Postprocessing Time-Dependent Data Sets

6.4.1.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.
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9.

10.

11.

a. Click ANSYS Fluent under Product.

b. Click 18.0 under Version.

Select this tutorial from the list.
Click the unsteady_compressible_R180.zip link to download the input files.
Unzip the unst eady_conpr essi bl e_R180. zi p file you downloaded to your working folder.

The files nozzl e. nmsh and pexi t . ¢ can be found in the unst eady_conpr essi bl e folder created
after unzipping the file.

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 the Fluent Launcher, see starting ANSYS Fluent using the Fluent
Launcher in the Fluent Getting Started Guide.

Ensure that the Display Mesh After Reading and Workbench Color Scheme options are enabled.
Ensure that Serial is selected under Processing Options.

Disable the Double Precision option.

6.4.2.Reading and Checking the Mesh

1.

3.

Read the mesh file nozzl e. nsh.

|_|:E File -~ Read - Mesh...
The mesh for the half of the geometry is displayed in the graphics window.

Check the mesh.

|_‘:E Setting Up Domain - Mesh - Check

ANSYS Fluent will perform various checks on the mesh and will report the progress in the console. Ensure
that the reported minimum volume is a positive number.

Verify that the mesh size is correct.

I_EE Setting Up Domain - Mesh - Scale
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s o

Scale Mesh ==
Domain Extents Scaling
Xmin (m) | 01 ¥max (m) | 0.3 @ Convert Units
(7 spedify Scaling Factors
Ymin {m) | 0 Ymax (m) | 0.1 Mesh Was Created In
[{Select:b v]

View Length Unit In

r - —
—

Close the Scale Mesh dialog box.

4. Mirror the mesh across the centerline (Figure 6.2: 2D Nozzle Mesh Display with Mirroring (p.271)).

IWEE Viewing - Display - Views...

"u’iews

. Actions =
Views Mirror Planes [1/1] @ @
- Defau

fo Y

Previous
Save
Delete

Read... Define Plne...

Write... Periodic Repeats

Save Mame
view-0

[Apphf] [Carnera...] [Cluse] [Help]

a. Select symmetry in the Mirror Planes selection list.
b. Click Apply to refresh the display.

c. Close the Views dialog box.
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Figure 6.2: 2D Nozzle Mesh Display with Mirroring

i 11 {m}
[ —ee—

6.4.3.Solver and Analysis Type

1. Select the solver settings.

@ Setting Up Physics - Solver - Density-Based

Solver
Time Type Velodity Formulation  Qparating Conditions...
@ Steady ) Pressure-Based @ Absolute
() Transient @ Density-Based Relative @ Reference Values...

Planar

a. Inthe Solver group of the Setting Up Physics tab, select Density-Based from the Type list.

The density-based implicit solver is the solver of choice for compressible, transonic flows without
significant regions of low-speed flow. In cases with significant low-speed flow regions, the pressure-
based solver is preferred. Also, for transient cases with traveling shocks, the density-based explicit
solver with explicit time stepping may be the most efficient.
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b. Retain the default selection of Steady from the Time list.

Note

You will solve for the steady flow through the nozzle initially. In later steps, you will
use these initial results as a starting point for a transient calculation.

2. For convenience, change the unit of measurement for pressure.

The pressure for this problem is specified in atm, which is not the default unit in ANSYS Fluent. You must
redefine the pressure unit as atm.

F‘EE Setting Up Domain - Mesh - Units...

s )

Set Units ==
Quantities LInits Set All to

molec-wt -
moment default
number-density
particles-conc ‘ [I]
particlesrate
percentage W inches-water Y

Factor | 101325

pressure-gradient
resistance Offset [
site-density |

soot-formation-constant-unit

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

a. Select pressure in the Quantities selection list.
Scroll down the list to find pressure.
b. Select atm in the Units selection list.

c. Close the Set Units dialog box.

6.4.4. Models

1. Enable the energy equation.

<

e

I|1-'-Setup - Models - Energy Model - On
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2. Select the k-omega SST turbulence model.

I|1-'_Setup - Models - Viscous D» Model -, SST k-omega

=

ﬁ; Setup

5 General
=-A2 Models
..... BS Multiphase (Off)

3

I':‘l-- Solution

Elﬁ Setup
~E General

B2 Models
..... BS Multiphase (Off)
..... BES Energy {On)

[+-B5 Discrete Phase [Off]
----- BY Acoustics (Off)
EEI--- Materials

- Cell Zone Conditions
#-JE Boundary Conditions
! Dynamic Mesh

----- #F Reference Values

Inviscid

Laminar

Standard k-epsilon

Realizable k-epsilon
Standard k-omega

55T k-omega

Other... L‘\F"

@ Solution Methods

6.4.5. Materials

1. Define the settings for air, the default fluid material.

= Setup - ‘~'Materials -

air - Create/Edit...
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EX Create/Edit Materials =
T Material Type Order Materials by
. fiuid - | @ Name
. Chemical Formula
Chemical Farmula FLUENT Fhid Malarials |
ar || FLUENT Database... |
User-Defined Database... |
Properties
Dienaity (kg fm3) |iﬂtﬂ|ﬂ5 - -
Cp (Specific Heat] (jkag%) |n:t»nslz1t =
1006, 43 =
Thermal Conductivity (w/m-) |mnst.ant -
[0.0242
Viscosity (kg/fm-s) |mns:tant -
1, 7894205
(Change/Create | | Delets | cose | [ neb

a. Select ideal-gas from the Density drop-down list in the Properties group box, so that the ideal gas
law is used to calculate density.

Note

ANSYS Fluent automatically enables the solution of the energy equation when the
ideal gas law is used, in case you did not already enable it manually in the Energy
dialog box.

b. Retain the default values for all other properties.
c. Click the Change/Create button to save your change.

d. Close the Create/Edit Materials dialog box.
6.4.6.Operating Conditions

1. Define the operating pressure.
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-

E Operating Conditions @
Pressure Gravity
Operating Pressure (atm) [ Gravity
0 ®
Reference Pressure Location
¥ {m]) ||:| 8
Z {ITI} | i
[ 0K ] [Cancel ] [ Help ]

a. Enter O atm for Operating Pressure.
b. Click OK to close the Operating Conditions dialog box.

Since you have set the operating pressure to zero, you will specify the boundary condition inputs for
pressure in terms of absolute pressures when you define them in the next step. Boundary condition inputs
for pressure should always be relative to the value used for operating pressure.

6.4.7.Boundary Conditions
1. Define the boundary conditions for the nozzle inlet (inlet).

EI ,4_ Boundary Conditions

i "iq— default-interior Enteru:ur]l
e
i.‘_ lower-wall [wall]l

iI outlet (pressure-outlet)
% symmetry (symmetry)

n~

I|1-'-Setup - Boundary Conditions - inlet (pressure-inlet) Edit...

X
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g =

E Pressure Inlet @

Zone Name
inlet

| Momentum | Thermal I Radiation I Species | DPM I Multiphase | Potential | uDs |

Reference mee[ﬂbsulute *]

Gauge Total Pressure (atm) 0.9 [cunsﬁnt *]

Supersonic/Initial Gauge Pressure (atm) 0.7369 [cunsﬁnt *]

Direction Specification Methud[Nnrn‘aItn Boundary *]
Turbulence

Specification Methn:u:l[I|'|t:a|'|5'rt3,r and Viscosity Ratio *]

Turbulent Intensity (%) 1.5 E]

Turbulent Viscosity Ratio 10 E]

[DI{] [Cancel] [Help]

a. Enter 0. 9 atm for Gauge Total Pressure.
b. Enter 0. 7369 atm for Supersonic/Initial Gauge Pressure.

The inlet static pressure estimate is the mean pressure at the nozzle exit. This value will be used during
the solution initialization phase to provide a guess for the nozzle velocity.

c. Retain Intensity and Viscosity Ratio from the Specification Method drop-down list in the Turbulence
group box.

d. Enter 1. 5% for Turbulent Intensity.
e. Retain the setting of 10 for Turbulent Viscosity Ratio.
f. Click OK to close the Pressure Inlet dialog box.

2. Define the boundary conditions for the nozzle exit (outlet).

Gn,

Fre Setup - Boundary Conditions - outlet (pressure-outlet) >~ Edit...
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[ =

E Pressure Cutlet @

Zone Name
outlet

| Momentum | Thermal I Radiation I Species | DPM I Multiphase | Potential | uDs |

Backflow Reference mee[hbsnlute v]
Gauge Pressure (atm) 0.7369 [cnnsﬁnt v]
Backflow Direction Specification Methnd[NurmaI to Boundary v]

] Average Pressure Specification
O Target Mass Flow Rate

Turbulence

Specification Mlethl:u:l[Intuarm'rt'_.r and Viscosity Ratio ']
Backflow Turbulent Intensity (%) 1.5 E]
Backflowr Turbulent Viscosity Ratio 10 E]

Acoustic Wave Model
@ Off
) Mon Reflecting

[DK] [Cancel] [Help]

a. Enter 0. 7369 atm for Gauge Pressure.

b. Retain Intensity and Viscosity Ratio from the Specification Method drop-down list in the Turbulence
group box.

c. Enter 1. 5% for Backflow Turbulent Intensity.
d. Retain the setting of 10 for Backflow Turbulent Viscosity Ratio.

If substantial backflow occurs at the outlet, you may need to adjust the backflow values to levels
close to the actual exit conditions.

e. Click OK to close the Pressure Outlet dialog box.

6.4.8. Solution: Steady Flow

In this step, you will generate a steady-state flow solution that will be used as an initial condition for the
time-dependent solution.

1. Define the solution parameters.

Solving - Solution - Methods...
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Solution Methods

Formulation
[Impliu't v]
Flux Type
| Roe-FDS -
Spatial Discretization
Gradient i
[Least Squares Cell Based - ]
Flow
[Semnd Order Upwind v]
Turbulent Kinetic Energy
[Semnd Order Upwind v]
Spedific Dissipation Rate
[Semnd Order Upwind v]

Mon-Tterative Time Advancement
Frozen Flux Formulation
[] Pseudo Transient

[ High Order Term Relaxation

[] convergence Acceleration For Stretched Meshes

a. Retain the default selection of Least Squares Cell Based from the Gradient drop-down list in the
Spatial Discretization group box.

b. Select Second Order Upwind from the Turbulent Kinetic Energy and Specific Dissipation Rate drop-
down lists.

Second-order discretization provides optimum accuracy.

2. Modify the Courant Number.

Solving - Controls - Controls...
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Solution Controls

Courant Mumber
50

IUnder-Relaxation Factors

Turbulent Kinetic Energy
| 0.8

Spedific Dissipation Rate
| 0.8

Turbulent Viscosity

| Default

IEquatiuns... I lLimits... I l.ﬁ.duanced... I

i

Help

a. Enter 50 for the Courant Number.

Note

The default Courant number for the density-based implicit formulation is 5. For relat-
ively simple problems, setting the Courant number to 10, 20, 100, or even higher
value may be suitable and produce fast and stable convergence. However, if you en-
counter convergence difficulties at the startup of the simulation of a properly set up
problem, then you should consider setting the Courant number to its default value
of 5. As the solution progresses, you can start to gradually increase the Courant
number until the final convergence is reached.

b. Retain the default values for the Under-Relaxation Factors.

3. Enable the plotting of residuals.

|_':E Solving - Reports -, Residuals...
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E Residual Monitors

Options Equations
Print to Console Residual Monitor -
Plot | continuity

m

Window - ’W
| 1 = [Curues... ][ Axes... ]
y-velodty ]
Iterations to Plot
1000 % energy

Residual Values

Iterations to Store [] Mormalize
1000 () =
B s I8
Scale

[] cCompute Local Scale

Convergence Criterion

[HBHE

-

[ Ok ] [ Plot ] [Renurmalize] [ Cancel ] [ Help

a. Ensure that Plot is enabled in the Options group box.
b. Select none from the Convergence Criterion drop-down list.

c. Click OK to close the Residual Monitors dialog box.

4. Create the surface report definition for mass flow rate at the flow exit.
| Solving - Reports - Definitions - New - Surface Report - Mass Flow Rate...
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Surface Report Definition

Mame
rmass_flowrate_out
Options

[] Per Surface
Average Owver
1

4|k

Report Files [0/0]

Report Type

Mass Flow Rate

Custom Vectors

Vectors of

Custom Vectors...

Field Variable
@ @ Pressure. ..
Static Pressure

Surfaces Filer Text

SEEE

default-intenior

Report Plots [0/0]

inlet

E] E @ lower-wall

S}rmm etry

Create

Report File
Report Plot
Freguency 1 =
Print to Console

[T] Create Qutput Parameter

[ DI{] [ Compute ] [ I:ancel] [ Help ]

a.

Enter mass_fl ow at e_out for Name.

b. Select outlet in the Surfaces selection list.

C.

In the Create group box, enable Report File, Report Plot and Print to Console.

Note

When Report File is enabled in the Surface Report Definition dialog box, the mass
flow rate history will be written to a file. If you do not enable this option, the history
information will be lost when you exit ANSYS Fluent.

d. Click OK to close the Surface Report Definition dialog box.
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mass_flowrate_out-rplot and mass_flowrate_out-rfile are automatically generated by Fluent

and appear in the tree (under Solution/Monitors/Report Plots and Solution/Monitors/Report
Files, respectively).

e. Modify the output file name.

/

@’

f=. Solution - Monitors - Report Files . mass_flowrate_out-rfile > Edit...

-

= Ediit Report File ==

Hame
mass_fioverate_out-rfile

Avalable Report Definitions [0/0] EIE Selacted Report Definitions [0/1] E &

mass_flowrate_out

Add=

= <Ramaove

Output File Base Mame | Mew = | Edr...
noz_ss.ouk

Ful Filz Mame

Get Data Every
1 [2] [ierstion -

[¥] Prink to Consale

| Cancel | Help ]

i. Enternoz_ss. out for Output File Base Name.
ii. Click OK to close the Edit Report File dialog box.

5. Save the case file (noz_ss. cas. gz).

- File -~ Write - Case...

6. Initialize the solution.
| Solving - Initialization

Initialization

Method
@ Hybrid  More Settings... '
Standard t=0

Initialize
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a. Keep the Method at the default of Hybrid.
b. Click Initialize.
7. Set up gradient adaption for dynamic mesh refinement.

You will enable dynamic adaption so that the solver periodically refines the mesh in the vicinity of the
shocks as the iterations progress. The shocks are identified by their large pressure gradients.

|_‘:E Setting Up Domain - Adapt - Mark/Adapt Cells - Gradient...

E Gradient Adaption @
Options Method Gradients of
| Refine Curvature |F‘ressure... v|
| Coarsen @) Gradient :
Maormalize per Zone Iso-Value |St.at||: fiesase h |
Miry Max
Conbours. .. Mormalization | 0 | 0
Standard
Manage...
|:9| @) Scale Coarsen Threshold Refine Threshold
Controls... Mormalize | 0.2 | 0.7
Dynamic
| Dynamic
Interval
100 =)
-
| Adapt | | Mark | |Compute | | Apply | | Cloze | | Help

a. Select Gradient from the Method group box.

The mesh adaption criterion can either be the gradient or the curvature (second gradient). Because
strong shocks occur inside the nozzle, the gradient is used as the adaption criterion.

b. Select Scale from the Normalization group box.

Mesh adaption can be controlled by the raw (or standard) value of the gradient, the scaled value (by
its average in the domain), or the normalized value (by its maximum in the domain). For dynamic
mesh adaption, it is recommended that you use either the scaled or normalized value because the
raw values will probably change strongly during the computation, which would necessitate a read-
justment of the coarsen and refine thresholds. In this case, the scaled gradient is used.

c. Enable Dynamic in the Dynamic group box.
d. Enter 100 for the Interval.

For steady-state flows, it is sufficient to only seldomly adapt the mesh—in this case an interval of
100 iterations is chosen. For time-dependent flows, a considerably smaller interval must be used.

e. Retain the default selection of Pressure... and Static Pressure from the Gradients of drop-down lists.

f. Enter O. 3 for Coarsen Threshold.
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g. Enter 0. 7 for Refine Threshold.

As the refined regions of the mesh get larger, the coarsen and refine thresholds should get smaller.
A coarsen threshold of 0.3 and a refine threshold of 0.7 result in a “medium” to “strong” mesh refine-
ment in combination with the scaled gradient.

h. Click Apply to store the information.

i. Click the Controls... button to open the Mesh Adaption Controls dialog box.

L

E Mesh Adaption Controls @
Options - @ E @ Min Cell Volume (m3)
fones Fitter Text =

Refine E 0

Coarsen  |jgi[s Min # of Cells
1] =
Max # of Cells
20000 =
Max Level of Refine
2 =
Volume Weight
1

[DK] [ mncel] [ Help ]

i. Retain the default selection of fluid in the Zones selection list.
ii. Enter 20000 for Max # of Cells.

To restrict the mesh adaption, the maximum number of cells can be limited. If this limit is violated
during the adaption, the coarsen and refine thresholds are adjusted to respect the maximum
number of cells. Additional restrictions can be placed on the minimum cell volume, minimum
number of cells, and maximum level of refinement.

iii. Click OK to save your settings and close the Mesh Adaption Controls dialog box.
j. Click Close to close the Gradient Adaption dialog box.

8. Start the calculation by requesting 500 iterations.

|_|:E Solving - Run Calculation - Advanced...
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Run Calculation

[ Check Case... ] [Preuiew Mesh Motion... ]
Mumber of Iterations Reporting Interval
(=] (]
500 = 1 =
Profile Update Interval
1 [x]
=
Solution Steering
[ Data File Quantities... ] [ Aroustic Signals...
[ Calculate |

a. Enter 500 for Number of Iterations.

b. Click Calculate to start the steady flow simulation.

Figure 6.3: Mass Flow Rate History
~ mass_flowrate

-14.0000

-15.0000 H

-16.0000

'1TI:II:II:II:I T T T T © T T T T T T T T T © T T T T 1
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iteration

9. Save the case and data files (n0oz_ss. cas. gz and noz_ss. dat . gz).
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[T File - Write - Case & Data...

Note

When you write the case and data files 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.

10. Click OK in the Question dialog box to overwrite the existing file.

11. Review a mesh that resulted from the dynamic adaption performed during the computation.

/

Fe= Results - Graphics - Mesh D» Edit...

Mesh Display 5

Options Edge Type - —
] Surfaces Filer Text - @ H @
] Nodes i Al E
Edges @ Feature (FEEIIRIITs
["] Faces ) Outline  |[E:
[ Partitions lower-wall
Chverset outlet

symmetry

Shrink Factor Feature Angle
] 20

Interior
Adiacency..

[Displar] [Ccrlcrrs...] [Cluse] [Help]

a. Ensure that only the Edges option is enabled in the Options group box.
b. Select Feature from the Edge Type list.

c. Ensure that all of the items are selected from the Surfaces selection list.
d. Click Display and close the Mesh Display dialog box.

The mesh after adaption is displayed in the graphics window (Figure 6.4: 2D Nozzle Mesh after
Adaption (p. 287))
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Figure 6.4: 2D Nozzle Mesh after Adaption

0 0.1 im)

e. Zoom in using the middle mouse button to view aspects of your mesh.
Notice that the cells in the regions of high pressure gradients have been refined.

12. Display the steady flow contours of static pressure (Figure 6.5: Contours of Static Pressure (Steady
Flow) (p. 288)).

@ Postprocessing - Graphics - Contours - Edit...
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Options Contours of
Filled [PrEﬁSUfE'... *]
Node Values Static Pressure -
Global Range .

Min Max

Auto Range
[ | Clip to Range 0 o |

e | FEEE
Surfaces Fitter Text =7
Draw Mesh % .

default-interior
) inlet
Coloring lower-wall
@ Banded outlet
2 Smooth symmetry
Levels  Setup
20 B B
Mew Surface =

| Display | | Compute | | Close | | Help |

a. Enable Filled in the Options group box.

b. Click Display and close the Contours dialog box.

Figure 6.5: Contours of Static Pressure (Steady Flow)
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The steady flow prediction in Figure 6.5: Contours of Static Pressure (Steady Flow) (p. 288) shows the ex-
pected pressure distribution, with low pressure near the nozzle throat.

13. Display the steady-flow velocity vectors (Figure 6.6:Velocity Vectors Showing Recirculation (Steady
Flow) (p. 290)).

Postprocessing - Graphics - Vectors - Edit...

i

E Vectors

Options
Global Range

Auto Range
Clip to Range
Auto Scale
["| Draw Mesh
Style
[armw ']
Scale Skip
a0 ]

[‘v’ectcrr Qpftions... ]

[ Custom Vectors... ]

Vectors of

[‘v’e locity

Color by

[‘u’e locity...

Velocity Magnitude
Min

Surfaces Fitter Text

FEEE

default-interior
inlet

lower-wall
outlet
symmetry

[ Dlspla*_.r] [ Compute ] [ Close ] [ Help ]

a.

Enter 50 under Scale.

b. Click Display and close the Vectors dialog box.

The steady flow prediction shows the expected form, with a peak velocity of approximately 300 m/s

through the nozzle.

You can zoom in on the wall in the expansion region of the nozzle to view the recirculation of the
flow as shown in Figure 6.6: Velocity Vectors Showing Recirculation (Steady Flow) (p. 290) .
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Figure 6.6: Velocity Vectors Showing Recirculation (Steady Flow)

14. Check the mass flux balance.

Important

Although the mass flow rate history indicates that the solution is converged, you should
also check the mass flux throughout the domain to ensure that mass is being conserved.

@ Postprocessing - Reports - Fluxes...
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B Flux Reporis @
Options : — =] [=] [=
@ Mass Fow Rate Boundaries Filter Text [: m "X Results
) Total Heat Transier Rate default-interior
) Radiation Heat Transfer Rzte | EESNNEGEGEGEGEEE | ic 1033152783381
lowerwall
-16.10365265607839
symmetry
Fl |3 o | 3
Save Qutput Parametar... Net Results (ka/s)
-0.000337 3777
| Compute | | write... | | Close | | Help |

a. Retain the default selection of Mass Flow Rate.
b. Select inlet and outlet in the Boundaries selection list.

c. Click Compute and examine the values displayed in the dialog box.

Important

The net mass imbalance should be a small fraction (for example, 0.1%) of the
total flux through the system. The imbalance is displayed in the lower right field
under Net Results. If a significant imbalance occurs, you should decrease your
residual tolerances by at least an order of magnitude and continue iterating.

d. Close the Flux Reports dialog box.

6.4.9.Enabling Time Dependence and Setting Transient Conditions

In this step you will define a transient flow by specifying a transient pressure condition for the nozzle.

1. Enable a time-dependent flow calculation.

Setting Up Physics - Solver - Transient

2. Read the user-defined function (pexi t . c), in preparation for defining the transient condition for the
nozzle exit.

The pressure at the outlet is defined as a wave-shaped profile, and is described by the following equation:
p (t) =0.12sin (a)t) +D, (6.1)

exit

where
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w = circular frequency of transient pressure (rad/s)

ﬁexit = mean exit pressure (atm)

In this case, w=2200 rad/s, and p,..= 0.7369 atm.

A user-defined function ( pexi t . ¢ ) has been written to define the equation (Equation 6.1 (p. 291)) required
for the pressure profile.

Note

To input the value of Equation 6.1 (p. 291) in the correct units, the function pexi t. ¢ has
to be written in Sl units.

More details about user-defined functions can be found in the Fluent Customization Manual.

|_:E User Defined - User Defined - Functions - Interpreted...

.

rE Interpreted UDFs @

Source File Mame

| pexit.c Browse...

CPP Command MName
| cpp

Stack Size

10000

Display Assembly Listing
IUse Contributed CPP

(4[]

|Inter|:|ret| | Close | | Help |

a. Enter pexi t. c for Source File Name.

If the UDF source file is not in your working directory, then you must enter the entire directory path
for Source File Name instead of just entering the file name.

b. Click Interpret.

The user-defined function has already been defined, but it must be compiled within ANSYS Fluent before
it can be used in the solver.

c. Close the Interpreted UDFs dialog box.

3. Define the transient boundary conditions at the nozzle exit (outlet).

3

1B

I|1-'-Setup - Boundary Conditions - outlet > Edit...
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f

E Pressure Cutlet @

Zone Name

| Momentum | Thermal I Radiation I Species | DPM I Multiphase | Potential | uDs |

-

outlet

Backflow Reference mee[hbsnlute v]
Gauge Pressure (atm) [udftmnsient_pressure v]
Backflow Direction Specification Methnd[NurmaI to Boundary v]

] Average Pressure Specification
O Target Mass Flow Rate

Turbulence

Specification Mlethl:u:l[Intuarm'rt'_.r and Viscosity Ratio ']
Backflow Turbulent Intensity (%) 1.5 E]
Backflowr Turbulent Viscosity Ratio 10 E]

Acoustic Wave Model
@ Off
) Mon Reflecting

[DK] [Cancel] [Help]

a.

b.

Select udf transient_pressure (the user-defined function) from the Gauge Pressure drop-down list.

Click OK to close the Pressure Outlet dialog box.

4. Update the gradient adaption parameters for the transient case.

|_|:E Setting Up Domain - Adapt - Mark/Adapt Cells - Gradient...

a.

Enter 10 for Interval in the Dynamic group box.

For the transient case, the mesh adaption will be done every 10 time steps.
Enter 0. 3 for Coarsen Threshold.

Enter 0. 7 for Refine Threshold.

The refine and coarsen thresholds have been changed during the steady-state computation to meet
the limit of 20000 cells. Therefore, you must reset these parameters to their original values.

Click Apply to store the values.
Click Controls... to open the Mesh Adaption Controls dialog box.
i. Enter 8000 for Min # of Cells.

ii. Enter 30000 for Max # of Cells.
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You must increase the maximum number of cells to try to avoid readjustment of the coarsen and
refine thresholds. Additionally, you must limit the minimum number of cells to 8000, because you
should not have a coarse mesh during the computation (the current mesh has approximately

20000 cells).

iii. Click OK to close the Mesh Adaption Controls dialog box.

f. Close the Gradient Adaption dialog box.

6.4.10.Specifying Solution Parameters for Transient Flow and Solving

1. Modify the mass_flowrate_out-rfile report file definition.

Fe= Solution _ Monitors _ Report Files - mass_flowrate_out-rfile

3

B

Edit...

2 Edit Report File

Hame
mass_flowrate_out-riie

Avzilable Report Definiftions [0/3]

delta-time
flow-timie
tters- per-timestep

F &

mass_flowrate_out

Add==

<< Ramove

Selacted Report Definitons [0/1]

)

2E

Qutout File Base Name
noz_uns.out

Get Data Every

New | | Edi...

Browse... |

Full File Mame +\solution_files\\noz_ss.out

i = | |time-step

= |

[¥] Print to Consale

Cancel | | Help

a. Enternoz_uns. out for Output File Base Name.

b. Select time-step from the Get

Data Every drop-down list.

c. Click OK to close the Edit Report File dialog box.

2. Modify the mass_flowrate_out-rplot report plot definition.

Fe=. Solution - Monitors - Report Plots - mass_flowrate_out-rplot

3

j[@"

Edit...
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[ Edit Report Plot

Name
mass flowrate out-rplot

Avaiable Report Definitions [0/0] E E] Selected Report Defindons [0/1]

mass_flowrate_out

Add==

=<Remave

)

&

Options
M = | | Edit...
Plot Window S I

2 s l Cunves... | [ AXES... |

Get Data Every
1 [+ [tme-step -]

Plot Tile  rass_flowrate_out-rplot
X-Axis Label| time-stap d
Yf-fxis Label Mass Flow Rate

[¥] Print to Console

Cancel | | Help

a. For Get Data Every, retain the value of 1 and select time-step from the drop-down list.

Because each time step requires 10 iterations, a smoother plot will be generated by plotting at every

time step.
b. Select time-step from the X-Axis Label drop-down list.
c. Click OK to close the Edit Report File dialog box.

Save the transient solution case file (noz_uns. cas. gz).

|_l:|: File —~ Write - Case...

Modify the plotting of residuals.

|_‘:E Solving - Reports - Residuals...

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

b. Ensure none is selected from the Convergence Criterion drop-down list.
c. Set the Iterations to Plot to 100.

d. Click OK to close the Residual Monitors dialog box.

Define the time step parameters.
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The selection of the time step is critical for accurate time-dependent flow predictions. Using a time step

of 2.85596 x 107 seconds, 100 time steps are required for one pressure cycle. The pressure cycle begins
and ends with the initial pressure at the nozzle exit.

|_|:E Solving - Run Calculation - Advanced

Run Calculation

Check Case... Preview Mesh Motion...

Time Stepping Method  Time Step Size (s)

|Fixed ] 2.85506e-5 7]
Settings... Mumber of Time Steps
&00 =
Options

[] Extrapolate Variables
[] Data Sampling for Time Statistics

Sampling Interva

1 : Sampling Options...

Time Sampled (s)

Py

[ Solid Time Step

Max Iterations/ Time Step Reporting Internval
10 =1

Profile Update Interval

1 =

4|k

[Datd File Quantities... Acoustic Signals...

a. Enter 2. 85596e- 5 s for Time Step Size.

b. Enter 600 for Number of Time Steps.

c. Enter 10 for Max Iterations/Time Step.

d. Click Calculate to start the transient simulation.

By requesting 600 time steps, you are asking ANSYS Fluent to compute six pressure cycles. The mass flow
rate history is shown in Figure 6.7: Mass Flow Rate History (Transient Flow) (p. 297).
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Figure 6.7: Mass Flow Rate History (Transient Flow)
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6. Optionally, you can review the effect of dynamic mesh adaption performed during transient flow compu-
tation as you did in steady-state flow case.

7. Save the transient case and data files (n0z_uns. cas. gz and noz_uns. dat . gz).
@ File - Write - Case & Data...

6.4.11.Saving and Postprocessing Time-Dependent Data Sets

At this point, the solution has reached a time-periodic state. To study how the flow changes within a single
pressure cycle, you will now continue the solution for 100 more time steps. You will use ANSYS Fluent’s
solution animation feature to save contour plots of pressure and Mach number at each time step, and the
autosave feature to save case and data files every 10 time steps. After the calculation is complete, you will

use the solution animation playback feature to view the animated pressure and Mach number plots over
time.

1. Request the saving of case and data files every 10 time steps.

@ Solving - Activities . Autosave...
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P =

E Autosave @

Save Data File Every (Time Steps) 10 =

| Data File Quantities... |

Save Acsociated Case Files
Only if Modified
@ Each Time

File Storage Options
Retain Only the Most Recent Files
Maximum Number of Data Files |0

Only Associated Case Files are Retained

File Marme

noz_anim.gz Browse...

Append File Name with | time-step =

[DK] | Cancell | Help |

a. Enter 10 for Save Data File Every.

b. Select Each Time for Save Associated Case Files.

c. Retain the default selection of time-step from the Append File Name with drop-down list.
d. Enternoz_ani m gz for File Name.

When ANSYS Fluent saves a file, it will append the time step value to the file name prefix (

noz_ani m). The standard extensions ( . cas and . dat ) will also be appended. By adding the
optional extension . gz to the end of the file name, you instruct ANSYS Fluent to save the case and
data files in compressed format. This will yield file names of the form noz_ani m 1- 00640. cas. gz
and noz_ani m 1- 00640. dat . gz , where 00640 is the time step number.

e. Click OK to close the Autosave dialog box.

Tip

If you have constraints on disk space, you can restrict the number of files saved by
ANSYS Fluent by enabling the Retain Only the Most Recent Files option and setting
the Maximum Number of Data Files to a nonzero number.

2. Create an animation definition for the nozzle pressure contour plot.

| Solving - Activities - Create - Solution Animations...
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i

Animation Definition @

Mame: pressure

Record after every 1 | |Time Step -

Storage Type [ In Memory x|
Storage Directory Lhle/solution files
Window Id 3 =
Animation Object @
residuals

Econtour—l
surf-mon-1-pset

| New Object ~ | | Edit Object... |

[ Save ] [ Close ] [ Help ]

Enter pr essur e for the Name.

Select Time Step for Record after every.

The default value of 1 in the integer number entry box instructs ANSYS Fluent to update the animation

sequence at every time step.

Select In Memory from the Storage Type drop-down.

The In Memory option is acceptable for a small 2D case such as this. For larger 2D or 3D cases,
saving animation files with either the Metafile or PPM Image option is preferable, to avoid using

too much of your machine’s memory.

Enter 3 for the Window Id.

Click New Object and select Contours... from the drop-down list to open the associated dialog box.
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P

Contours @

Contour Mame

contour-1
Options Contours of
Filled [Pressure... ~

Mode Values

Global Range
Mi |n M t
[ Auto Range in (atm) ax (atm)

Clip to Range 0.25 1.25

Draw F'|'|:|r||le5 Surfaces Filter Text E] E]
Draw Meash

default-intenior

Static Pressure

_ inlet
t_:nlnrlng lower-wall
@ Banded outlet

() Smooth symimetry

zone-surface-5

[Sa*.re,f[}lsplay] [Cumpute] [Cluse] [Help]

Colormap Options... ]

i. Select Pressure... and Static Pressure from the Contours of drop-down lists.
ii. Ensure that Filled is enabled in the Options group box.

iii. Disable Auto Range.
iv. Enter 0. 25 atm for Min and 1. 25 atm for Max.

v. Click Save/Display and close the Contours dialog box.
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vi. Figure 6.8: Pressure Contours at t=0.017136 s
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f.  Ensure contour-1 is selected in the Animation Object group box.
g. Click Save and close the Animation Definition dialog box.

3. Create an animation definition for the Mach number contour plot.

@ Solving - Activities - Create - Solution Animations...
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F

E Animation Definition

=

Marne: mach-number

Animation Object @

Record after every 1 | |Time Step -

Storage Type | In Memory x|

Storage Directory Lhle/solution files

Window Id 4

-
-

contour-2

residuals
contour-1

surf-rmon-1-pset

| New Object ~ | | Edit Object... |

[ Save ] [ Close ] [ Help ]

Enter mach-number for the Name.
Select Time Step for Record after every.

The default value of 1 in the integer number entry box instructs ANSYS Fluent to update the animation
sequence at every time step.

Ensure that In Memory is selected from the Storage Type drop-down.

Enter 4 for the Window Id.

Click New Object and select Contours... from the drop-down list to open the associated dialog box.
i. Select Velocity... and Mach Number from the Contours of drop-down lists.

ii. Ensure that Filled is enabled in the Options group box.

iii. Disable Auto Range.

iv. Enter 0. 00 for Min and 1. 30 for Max.

v. Click Save/Display and close the Contours dialog box.
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vi. Figure 6.9: Mach Number Contours at t=0.017136 s
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f. Ensure contour-2 is selected in the Animation Object group box.
g. Click Save and close the Animation Definition dialog box.
4. Continue the calculation by requesting 100 time steps.

By requesting 100 time steps, you will march the solution through an additional 0.0028 seconds, or
roughly one pressure cycle.

With the autosave and animation features active (as defined previously), the case and data files will be
saved approximately every 0.00028 seconds of the solution time; animation files will be saved every
0.000028 seconds of the solution time.

@ Solving - Run Calculation - Advanced...
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Run Calculation

[

Time Stepping Method

| [pre

Chedk Case... =
Time Step Size

i)

Hall i

(s)

| Fixed - | 285596205 @
Settings. Mumber of Time Steps
100 ()
| ®
Options
[ Extrapolate Variables
[ Data Sampling for Time Statistics
ry
| ! ] | Sampling Options...
0
Max Iterations,/Time Step Reporting Interval
| 10 () | 1 (]
=] =
Profile Update Interval
K S
=]

[ Data File Quantities...

Calculate

Enter 100 for Number of Time Steps and click Calculate.

When the calculation finishes, you will have ten pairs of case and data files and there will be 100 pairs
of contour plots stored in memory. In the next few steps, you will play back the animation sequences
and examine the results at several time steps after reading in pairs of newly saved case and data files.

5. Play the animation of the pressure contours.
Ff= Results - Animations - Solution Animation Playback D»
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3 Playback

Flayback

Playback Mode lpmI Once

)

StartFrame  Increment End Frame
1 (&) |1 (] |1|:|n
| =] =
1
|
Frarme

el 2 o)

4

00

=

Animation Sequences

Sequences

mach-number

[ Delete ][Delete All

Slow Replay Speed Fast
Write/Record Format ’.ﬁ.nimatinn Frames Ficture Options...
[ Write ] [F‘.ead... ] [ Close ] [ Help ]

b.

C.

Retain the default selection of pressure in the Sequences selection list.

Ensure that tab window 4 is open in the graphics window.

Close the Playback dialog box.

Click the play button (the second from the right in the group of buttons in the Playback group box).

Examples of pressure contours at t=0.017993 s (the 630th time step) and t=0.019135 s (the 670th time
step) are shown in Figure 6.10: Pressure Contours at t=0.017993 s(p. 306) and Figure 6.11: Pressure Contours

at t=0.019135 s (p. 306).
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Figure 6.10: Pressure Contours at t=0.017993 s
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Figure 6.11: Pressure Contours at t=0.019135 s
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6. In a similar manner to steps 4 and 5, select the appropriate active window and animation sequence name
for the Mach number contours.

Examples of Mach number contours at t=0.017993 s and t=0.019135 s are shown in Figure 6.12: Mach
Number Contours at t=0.017993 s (p. 307) and Figure 6.13: Mach Number Contours at t=0.019135 s(p. 308).

Figure 6.12: Mach Number Contours at t=0.017993 s
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Figure 6.13: Mach Number Contours at t=0.019135 s
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Tip

ANSYS Fluent gives you the option of exporting an animation as an MPEG file or as a
series of files in any of the hardcopy formats available in the Save Picture dialog box
(including TIFF and PostScript).

To save an MPEG file, select MPEG from the Write/Record Format drop-down list in the
Playback dialog box and then click the Write button. The MPEG file will be saved in your
working folder. You can view the MPEG movie using an MPEG player (for example, Win-
dows Media Player or another MPEG movie player).

To save a series of TIFF, PostScript, or other hardcopy files, select Picture Frames in the
Write/Record Format drop-down list in the Playback dialog box. Click the Picture Op-
tions... button to open the Save Picture dialog box and set the appropriate parameters
for saving the hardcopy files. Click Apply in the Save Picture dialog box to save your
modified settings. Click Save... to select a directory in which to save the files. In the
Playback dialog box, click the Write button. ANSYS Fluent will replay the animation,
saving each frame to a separate file in your working folder.

If you want to view the solution animation in a later ANSYS Fluent session, you can select
Animation Frames as the Write/Record Format and click Write.

Warning

Because the solution animation was stored in memory, it will be lost if you exit
ANSYS Fluent without saving it in one of the formats described previously. Note
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that only the animation-frame format can be read back into the Playback dialog

box for display in a later ANSYS Fluent session.

Read the case and data files for the 660th time step (noz_anim-1-00660.cas.gz and noz_an-

im-1-00660.dat.gz) into ANSYS Fluent.

Plot vectors at t=0.018849 s (Figure 6.14:Velocity Vectors at t=0.018849 s (p. 310)).

Postprocessing - Graphics - Vectors - Edit...

P

E"u’ectﬂrs @
Options Vectors of
Global Range [‘u’elucib_.r *]
Auto Range Color by
Clip to Range [Velucity... v]
[¥] Auto Scale Velocity Maanitud
["] Draw Mesh eloctty Magnitude
Min {rn/s) Max (m/s)
Sl 0.3684946 262.8595
[arruw ']
Srala Skip Surfaces Filter Text @ @
30 30 - default-interior
[‘u’ectnr Options... ] inlet
lower-wall
[Custnm Vectors... ] outlet
symmetry

[ Displa*_.r] [ Compute ] [ Close ] [ Help ]

a. Ensure Auto Scale is enabled under Options.
b. Enter 50 under Scale.
c. Enter 50 under Skip.

d. Click Display and close the Vectors dialog box.
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Figure 6.14: Velocity Vectors at t=0.018849 s
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The transient flow prediction in Figure 6.14: Velocity Vectors at t=0.018849 s (p. 310) shows the expected
form, with peak velocity of approximately 260 m/s through the nozzle at t=0.018849 seconds.

9. Inasimilar manner to steps 7 and 8, read the case and data files saved for other time steps of interest and
display the vectors.

6.5.Summary

In this tutorial, you modeled the transient flow of air through a nozzle. In doing so, you learned how
to:

+ generate a steady-state solution as an initial condition for the transient case.

+ set solution parameters for implicit time-stepping and apply a user-defined transient pressure profile
at the outlet.

+ use mesh adaption to refine the mesh in areas with high pressure gradients to better capture the shocks.
+ automatically save solution information as the transient calculation proceeds.

« create and view solution animations of the transient flow.

6.6. Further Improvements

This tutorial guides you through the steps to generate a second-order solution. You may be able to
increase the accuracy of the solution even further by using an appropriate higher-order discretization
scheme and by adapting the mesh further. Mesh adaption can also ensure that the solution is independ-
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Further Improvements

ent of the mesh. These steps are demonstrated in Introduction to Using ANSYS Fluent: Fluid Flow and
Heat Transfer in a Mixing Elbow (p. 121).
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Chapter 7: Modeling Radiation and Natural Convection

This tutorial is divided into the following sections:
7.1.Introduction
7.2.Prerequisites
7.3.Problem Description
7.4.Setup and Solution
7.5.Summary
7.6.Further Improvements

7.1.Introduction

In this tutorial, combined radiation and natural convection are solved in a three-dimensional square
box on a mesh consisting of hexahedral elements.

This tutorial demonstrates how to do the following:

+ Use the surface-to-surface (52S) radiation model in ANSYS Fluent.

+ Set the boundary conditions for a heat transfer problem involving natural convection and radiation.
+ Calculate a solution using the pressure-based solver.

+ Display velocity vectors and contours of wall temperature, surface cluster ID, and radiation heat flux.

7.2.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 El-
bow (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. 121)

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

7.3.Problem Description

The problem to be considered is shown schematically in Figure 7.1: Schematic of the Problem (p. 314).

A three-dimensional box (0.25m><0.25mxo.25m) has a hot wall of aluminum at 473.15 K. All other
walls are made of an insulation material and are subject to radiative and convective heat transfer to
the surroundings, which are at 293.15 K. Gravity acts downwards. The medium contained in the box is
assumed not to emit, absorb, or scatter radiation. All walls are gray. The objective is to compute the
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Modeling Radiation and Natural Convection

flow and temperature patterns in the box, as well as the wall heat flux, using the surface-to-surface
(52S) model available in ANSYS Fluent.

The working fluid has a Prandtl number of approximately 0.71, and the Rayleigh number based on L

(0.25) is 1x10°. This means the flow is most likely laminar. The Planck number k/ (4GLT8) is 0.006,
and measures the relative importance of conduction to radiation.

Figure 7.1: Schematic of the Problem
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7.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
7.4.1.Preparation
7.4.2.Reading and Checking the Mesh
7.4.3.Solver and Analysis Type
7.4.4.Models
7.4.5.Defining the Materials
7.4.6.Operating Conditions
7.4.7.Boundary Conditions
7.4.8.0btaining the Solution
7.4.9.Postprocessing
7.4.10. Comparing the Contour Plots after Varying Radiating Surfaces
7.4.11.52S Definition, Solution, and Postprocessing with Partial Enclosure

7.4.1.Preparation
To prepare for running this tutorial:

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

0.

10.

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.

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

b. Click 18.0 under Version.

Select this tutorial from the list.
Click the radiation_natural_convection_R180.zip link to download the input files.
Unzipradi ati on_nat ural _convecti on_R180. zi p to your working folder.

The mesh file r ad. nsh. gz can be found in the r adi ati on_nat ural _convect i on folder created
after unzipping the file.

Use Fluent Launcher to start the 3D, single precision (disable Double Precision) 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 the Fluent Launcher
in the Fluent Getting Started Guide.

Ensure that the Display Mesh After Reading and Workbench Color Scheme options are enabled.

Ensure that Serial is selected under Processing Options.

7.4.2.Reading and Checking the Mesh

1.

Read the mesh filer ad. nsh. gz.

|_':E File —~ Read - Mesh...

As the mesh is read, messages will appear in the console reporting the progress of the reading and the
mesh statistics. The mesh size will be reported as 64,000 cells. Once reading is complete, the mesh will
be displayed in the graphics window.
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Figure 7.2: Graphics Display of Mesh

2. Check the mesh.

= Setting Up Domain - Mesh - Check

ANSYS Fluent will perform various checks on the mesh and report the progress in the console. Make sure
that the reported minimum volume is a positive number.

7.4.3.Solver and Analysis Type

1. Confirm the solver settings and enable gravity.

Fe= Setup - ‘~'General
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General
Mesh

[ Scale... ][ Check ][RepnrtQuaI'rt-_.r]

Solhver

Type Velocity Formulation
@ Pressure-Based @ Absolute

) Density-Based ) Relative

Time
@ Steady
) Transient

Gravity Units...
Gravitational Acceleration

X (mfs2) 0

Y (mfs2) -9.81

Z(mfs2) 0

FEE

a. Retain the default settings of pressure-based steady-state solver in the Solver group box.

b. Enable the Gravity option.

c. Enter-9. 81 m/s’ for Y in the Gravitational Acceleration group box.
7.4.4.Models

1. Enable the energy equation.

3

I|1-'-Setup - Models - Energy On

!

E-A2 Models
..... HS Multiphase (Off)
..... et

..... AD Viscous Edit...
----- BY Radiatic
----- BY HeatEx L

----- HY species| ¥ Off

AP e '

2. Set up the Surface to Surface (S2S) radiation model.
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‘s

I|1-'-Setup - Models - Radiation Q Model - Surface to Surface (S2S)

I -

& Radiation Model ==
Model Iteration Parameters
Off Energy Iterations per Radiation Iteration 10 =
E;EEEhnd Maximum Mumber of Radiation Iterations 5 =

Discrete Transfer (DTRM) Residual Convergence Criteria 0.001
9 Surface to Surface (525)  yjiaw Factors and Clustering

Discrete Ordinates (DO) |

Monte Carlo (MC)

Settings... |

| Cormpute/Write/Read... |

| Read Existing File... |

Solar Load

Model

@ Off
Solar Ray Tracing
DO Irradiation

Solar Calculator..

[Dl{] | Cancel| | Help |

The surface-to-surface (S2S) radiation model can be used to account for the radiation exchange in an
enclosure of gray-diffuse surfaces. The energy exchange between two surfaces depends in part on their
size, separation distance, and orientation. These parameters are accounted for by a geometric function
called a "view factor”

The 525 model assumes that all surfaces are gray and diffuse. Thus according to the gray-body model,

if a certain amount of radiation is incident on a surface, then a fraction is reflected, a fraction is absorbed,
and a fraction is transmitted. The main assumption of the S2S model is that any absorption, emission,

or scattering of radiation by the medium can be ignored. Therefore only “surface-to-surface” radiation

is considered for analysis.

For most applications the surfaces in question are opaque to thermal radiation (in the infrared spectrum),
so the surfaces can be considered opaque. For gray, diffuse, and opaque surfaces it is valid to assume
that the emissivity is equal to the absorptivity and that reflectivity is equal to T minus the emissivity.

When the 52S model is used, you also have the option to define a “partial enclosure” This option allows
you to disable the view factor calculation for walls with negligible emission/absorption or walls that
have uniform temperature. The main advantage of this option is to speed up the view factor calculation
and the radiosity calculation.

a. Click the Settings... button to open the View Factors and Clustering dialog box.

You will define the view factor and cluster parameters.

318
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-

& View Factors and Clustering @
Clustering
Options
@ Manual
Automatic

Manual Autormatic

Faces per Surface Cluster Maximum Faces per
for Flow Boundary Zones Surface Cluster

1 = 10

| Apply to Al Walls Compute

View Factors

Basis Method

@ Race to Race @ Ray Tracing
Cluster to Cluster Hemicube

Surfaces Parameters

Resolution 10 =

= subdivisions

U LU

Zones Participating inView Factor Calculation | galact...

[DI{] | Cancel| | Help |

i. Retain the value of 1 for Faces per Surface Cluster for Flow Boundary Zones in the Manual group
box.

ii. Click Apply to All Walls.

The S2S radiation model is computationally very expensive when there are a large number of
radiating surfaces. The number of radiating surfaces is reduced by clustering surfaces into surface
“clusters” The surface clusters are made by starting from a face and adding its neighbors and
their neighbors until a specified number of faces per surface cluster is collected.

For a small problem, the default value of 1 for Faces per Surface Cluster for Flow Boundary
Zones is acceptable. For a large problem you can increase this number to reduce the memory
requirement for the view factor file that is saved in a later step. This may also lead to some reduc-
tion in the computational expense. However, this is at the cost of some accuracy. This tutorial il-
lustrates the influence of clusters.

iii. Ensure Ray Tracing is selected from the Method list in the View Factors group box.
iv. Click OK to close the View Factors and Clustering dialog box.

b. Click the Compute/Write/Read... button in the View Factors and Clustering group box to open the
Select File dialog box and to compute the view factors.
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The file created in this step will store the cluster and view factor parameters.
i. Enterrad_1.s2s. gz as the file name for S2S File.

ii. Click OK in the Select File dialog box.

Note

The size of the view factor file can be very large if not compressed. It is highly
recommended to compress the view factor file by providing . gz or . Z extension
after the name (that is,rad_1. gz orrad_1. Z). For small files, you can provide
the .s2s extension after the name.

ANSYS Fluent will print an informational message describing the progress of the view factor cal-
culation in the console.

c. Click OK to close the Radiation Model dialog box.

7.4.5. Defining the Materials

1. Set the properties for air.

/.

I|1-'-Setup - Materials - Fluids - air > Edit...
Create/Edit Materials
Mame Material Type Ordar Materkls by
ar [ Ak | @ Name
Chemical Formula Fuent Fluid Materaks O Chemicel Formufe
[I“ 7] | Fluent Database... |
A pcoure
== |User-Defined Database...|
Properties
Density (ka/m3) [ideal-gas = || Ed...
Cp (Spechic Heat) [Jfku-kj[cnnsmnt x| Bdit...
1021
Thenmal Conductivity ijm-k}l[cuns‘mnt =) | Edi...
0.0371
Viscosity (ka/rms) | constant ) Edt...
2.485a-05
Malecular Weight [lcn.fkrroljl[cunmnl: =) | Edi...
28.966
[Ehinge,ﬂﬂreate] -I}Eletel Clasa [Heh]

a. Select ideal-gas from the Density drop-down list.

b. Enter 1021 J/kg-K for Cp (Specific Heat).
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c. Enter 0. 0371 W/m-K for Thermal Conductivity.

d. Enter 2. 485e- 05 kg/m-s for Viscosity.

e. Retain the default value of 28. 966 kg/kmol for Molecular Weight.

f. Click Change/Create and close the Create/Edit Materials dialog box.

2. Define the new material, insulation.

7

I|1-'-Setup - Materials - Solid - aluminum D—» Edit...

= Create/Edit Materials [
Hama Material Type Order Materzk by
insulation solid | 9 Hame
Chemical Farmulz Fluent Soid Materials Chemical Formula
r'::fufmn ] |  Fuent Database... |
I |Usar-Defined Datbase... |
Proparties
Densty {kg.me}l.cunﬁant *] Edi...
30
Cp (Specific Heat) (j/ka-k)| constant "| Edit.
B0g
Thermal Conductivty {wfm-k)| constant 'l Edit...
0.09

| change/create | [ Delete | | Help |

a. Enteri nsul ati on for Name.

b. Delete the entry in the Chemical Formula field.

c. Enter50 kg/m3 for Density.

d. Enter 800 J/kg-K for Cp (Specific Heat).

e. Enter 0. 09 W/m-K for Thermal Conductivity.

f. Click Change/Create.

g. Click No when the Question dialog box appears, asking if you want to overwrite aluminum.

The Create/Edit Materials dialog box will be updated to show the new material, insulation, in the
Fluent Solid Materials drop-down list.

h. Close the Create/Edit Materials dialog box.

7.4.6.Operating Conditions

Specify operating density.
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|_l:|: Setting Up Physics - Solver - Operating Conditions...

' =

E Operating Conditions @

Pressure Gravity

Operating Pressure (pascal) Gravity

101325 7]

] Gravitational Acceleration
Reference Pressure Location @

X g2) 0

- g X

- 8 ¥ (m/s2) -0.81 B
£ g2) 0

o @ || 2= [#)

Boussinesg Parameters
Operating Temperature (k)
288.16 7]
Variable-Density Parameters
Specified Operating Density

Operating Density (ka/m3)

0 B

IDI{J [Cancel] IHeIpI

1. In the Operating Conditions dialog box, select the Specified Operating Density check box.
2. Enter O for Operating Density and click OK to close the Operating Conditions dialog box.
7.4.7.Boundary Conditions

1. Set the boundary conditions for the front wall (w-high-x).

7

I|1-'-Setup - Boundary Conditions - w-high-x D» Edit...

= -J£ Boundary Conditions

""" I+ default-interior (interior)
..... + .
..... j: w-high-y % Edit...
""" ji w-high-z
---- IE wHow-x ( Type d
----- IE wHow-y Copy...
""" IE wHowz (

..... a Dynamic Me Expand All

-:'j":|$ Reference | Collapse All
=l Coaloadime

The Wall dialog box opens.
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B wal
Zone Marme
w-high-x
Adjacent Cel Zone
fluid
Momentem | Themmal | Radition [ Species ] DFM [ Multiphase ] LIDS I Wall Film [ Potental |
Thermal Conditions
Heat Flux Heat Transfer Coefficient (w/m2-k) 5 |c|;|n5!:ant - |
Temperature Free Stream Temperature (k) 293.15 | constant |
Canvection
i -
Radiation External Emissivity 0.75 | constant J
@ Mied Extemnal Radiation Temperature (k) 203.15 | constant - |
va System E?':""D""";' Internal Emissiity 0.95 | constant - |
B S Wal Thickness (m) 0.05 P
Heat Generabion Rate (w/m3) 0 | constant - |

Shell Conduction |1 Layer dit
Material Name

|insulation - | | Edit...

ii] | Cancel Helu|

a. Click the Thermal tab and select Mixed from the Thermal Conditions list.

b. Select insulation from the Material Name drop-down list.

c. Enter 5 W/m?K for Heat Transfer Coefficient.

d. Enter 293. 15 K for Free Stream Temperature.

e. Enter 0. 75 for External Emissivity.

f. Enter 293. 15 K for External Radiation Temperature.
g. Enter 0. 95 for Internal Emissivity.

h. Enter 0. 05 m for Wall Thickness.

i. Click OK to close the Wall dialog box.

2. Copy boundary conditions to define the side walls w-high-z and w-low-z.

1/

I|1-'-Setup - Boundary Conditions - w-high-x D» Copy...
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- B

Copy Conditions
From Boundary Zone Fiter Text @ To Boundary Zones Fitar Text =S @ @
T | :-high-y

w-high-y

w-high-z w-lowr-x

wi=low=x welow-y

w-low-y

w=low-z

| Copy | | Close | | Help |

a. Ensure w-high-x is selected in the From Boundary Zone selection list.
b. Select w-high-z and w-low-z from the To Boundary Zones selection list.

c. Click Copy.

d. Click OK when the Question dialog box opens asking whether you want to copy the boundary conditions
of w-high-x to all the selected zones.

e. Close the Copy Conditions dialog box.

3. Set the boundary conditions for the heated wall (w-low-x).

<

Fe= Setup - Boundary Conditions - w-low-x D» Edit...

-

Well (55|
Zone Name
w-lowe-x

Adjacent Call Zone
fiuid

Momentum | Thermal | Radistion I Spedies | DPM | Mukiphase | uos | Wal Alm | Potentia

Thermal Conditions

Heat Flux Temperature (k) 473.15 | constant =
S Intemnal Emissivity 0.95 | constant -
Convection ) o
Radiation Wal Thickness (m) 0 . P)
Mixed Heat Generation Rate (w/m3) 0 | constant -
via System Coupling | Shell Conduction |1 Layer Edit
a Mapped Interface
Materizl Name
aluminum - | [ Edit... |

(s
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a. Click the Thermal tab and select Temperature from the Thermal Conditions list.
b. Retain the default selection of aluminum from the Material Name drop-down list.
c. Enter473. 15 K for Temperature.

d. Enter 0. 95 for Internal Emissivity.

e. Click OK to close the Wall dialog box.

Set the boundary conditions for the top wall (w-high-y).

3

I|1-'-Setu - Boundary Conditions - w-high- D» Edit...
p y gh-y

B wal =
Zone Mame
we-high-y
Adjacent Cel Zone
fiuid

Momentum | Themal | Radation | Speces | DPM | Muktiphase | UDS | wallFim | Potental |

Thermal Conditions

Heat Flux Heat Transfer Coefficient (w/m2-k) 3 |c|;|n5!:ant - |
Temperature Free Stream Temperature (k) 293.15 | constant -
Convection |
T -
Radiation Extemnal Emisshity 0.75 | constant J
@ Mied External Radiation Temperature (k) 203.15 | constant -
Cemhmn T Intemal Emissivity 0.95 | constant -]
o S Wal Thickness (m) 0.05 P
Heat Generation Rate (w/m3) 0 | constant - |

Shell Conduction

Material Name )
mnsulation w | | EdIt...

D_K] Cancel | | Help |

a. Click the Thermal tab and select Mixed from the Thermal Conditions list.

b. Select insulation from the Material Name drop-down list.

c. Enter 3 W/m”K for Heat Transfer Coefficient.

d. Enter 293. 15 K for Free Stream Temperature.

e. Enter 0. 75 for External Emissivity.

f. Enter 293. 15 K for External Radiation Temperature.
g. Enter 0. 95 for Internal Emissivity.

h. Enter 0. 05 m for Wall Thickness.

Click OK to close the Wall dialog box.
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5. Copy boundary conditions to define the bottom wall (w-low-y) as previously done in this tutorial.

3

I|1-'-Setup - Boundary Conditions - w-high-y D» Copy...

-

Copy Conditions @
From Boundary Zone Fitar Taxt E! To Boundary Zones Fitar Text = @ @
|w-high-x | w-high-x

w=high-y w-high-z

w-high-z w-lowi-x

welow-x
w=low-y welow-z

w-low-z

|Cn|:|y] [ﬂnse] |Help

a. Ensure w-high-y is selected in the From Boundary Zone selection list.
b. Select w-low-y from the To Boundary Zones selection list.

c. Click Copy.

d. Click OK when the Question dialog box opens asking whether you want to copy the boundary conditions
of w-high-y to all the selected zones.

e. Close the Copy Conditions dialog box.

7.4.8.Obtaining the Solution

1. Set the solution parameters.

FEE Solving - Solution -, Methods...
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Solution Methods
Pressure-Velocity Coupling

Scheme

[Cnupled ']
Spatial Discretization

Gradient

[Least Squares Cell Based ']
Precsure

[Eh:u:]*,r Force Weighted ']
Density

[Secund Order Upwind ']
Momentum

[Secund Order Upwind ']
Energy

[Secund Order Upwind ']

Transient Formulation

Mon-Tterative Time Advancement
Frozen Flux Formulation

Pseudo Transient

[] Warped-Face Gradient Correction

[] High Order Term Relaxation

a. Select Coupled from the Scheme drop-down list in the Pressure-Velocity Coupling group box.

b. Select Body Force Weighted from the Pressure drop-down list in the Spatial Discretization group
box.

c. Retain the default selection of Second Order Upwind from the Momentum and Energy drop-down
lists.

d. Enable the Pseudo Transient option.

2. Set the convergence criteria for you simulation.

— Solving - Reports - Residuals...
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-

X Residual Monitors

Options Equations

Print o Consale Residual Monior Check Convergence Absolute Criteria
] Plot continuity ]| ] 0.0001

Window wvelpcity [+ [+ 0.0001

1 = [ CUrves... ]:Axes... ] y-valocity [+ ] 0.0001

Rerations to Plot z-velocity ] ] 0.0001

1000 z energy [ [ 1e.07]

Tterations to Store Residual Values Convergence Critarion
1000 : | Normalze Iterations |absolute
- :
V] Scale Convergence Conditions...

| Compute Local Scale

[F'lut] [Rennrmallae] | CEFIEE|J [I-Ieb]

a. Ensure that Plot is enabled in the Options group box.
b. Enter 0. 0001 for the Absolute Criteria of continuity, x-, y-, and z-velocity.
c. Enter 1le- 7 for the Absolute Criteria of energy.
Decreasing the criteria for these residuals will improve the accuracy of the solution.
d. Click OK

3. Initialize the solution.

B Solving - Initialization

Initialization

Method
@ Hybrid  More Settings... '
Standard t=0
Initialize

a. Retain the default selection of Hybrid Initialization from the Initialization Methods list.

b. Click Initialize.

4. Create a surface report definition to aid in judging convergence.

It is good practice to use reports of physical solution quantities together with residual monitors when
determining whether a solution is converged. In this step you will create a surface report definition for

the average temperature on the z=0 plane.

a. Create the new surface, zz_center_z.
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|_‘:E Setting Up Domain - Surface - Create - Iso-Surface...

-

& so-Surface [Tt
Surface of Constant = —
From Surface Fiter Tauxt =||E =
[Mesh... | ce] i E‘
Z-Coordinate - | default-interior I
w-high-x
Min {rm) Max (m) w-high-y |
0.125 0.125 w-high-z
Iea-Values (m) wieloex —
i w-lor-y =
< [} * From Zones Fiter Text % [_—v- [5] [i]
Mew surface Name fluid
77_centar_z
|Ca'eate| |Cnrn|:|ute] Manage... | [duse] | Helpl

i. Select Mesh... and Z-Coordinate from the Surface of Constant drop-down lists.

ii. Click Compute and retain the default value of O for Iso-Values.

iii. Enterzz_cent er _z for New Surface Name.

Note

If you want to delete or otherwise manipulate any surfaces, click Manage... to
open the Surfaces dialog box.

iv. Click Create and close the Iso-Surface dialog box.

b. Create the surface report definition.

|_‘:E Solving - Reports - Definitions -~ New - Surface Report - Area-Weighted Average...
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Surface Report Definition
MName Report Type
surf-mon-1 Area-Weighted Average - ]
Options Custom Vectors
Vactors of
[C] Per Surface w7
Average Over Custom Vectors...

1 =]
i Field Variable

Report Fles [0/0] E] E @[T&mpemture... - |

Static Tempersiure

Surfaces Filter Text @ E| |@ @

default-interior
w-high-x

Report Plots [0/0) =) E] ]| whighy
w-high-z

wi-low-x
wi-low-y
W= low-2

7z_center z

Create
[C] Report Fle
[¥] Report Plot
Frequency 1 =
Print to Console [T] Highlight Surfaces

[] Create Output Parameter

[GK] [Eumpute] [Gmce]] [Heb]

i. Entersurf-nmon- 1 forthe Name of the surface report definition.

ii. Inthe Create group box, enable Report Plot and Print to Console.

Note

Unlike residual values, data from other reports is not saved as part of the solution
set when the ANSYS Fluent data file is saved. If you want to access the surface
report data in future ANSYS Fluent sessions, you can enable the Report File option.
The report file will be saved in your working directory.

iii. Select Temperature... and Static Temperature from the Field Variable drop-down lists.

iv. Select zz_center_z from the Surfaces selection list.

v. Click OK to save the surface report definition settings and close the Surface Report Definition
dialog box.
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5.

6.

Save the casefile (rad_a_1. cas. gz).
E File _ Write - Case...
Start the calculation by requesting 400 iterations.
— Solving - Run Calculation - Advanced...
Run Calculation
Check Case... Update Dynamic Mesh...
Pseudo Transient Options
Fluid Time Scale
Time Step Method  Pseudo Time Step (s)
@ User Specified 1
Automatic
Mumber of Iterations  Reporting Interval
400 =11 =
Profile Update Interval
1 =
[Dam File Quantities... | | Acoustic Signals...
Acoustic Sources FFT...
Calculate
Select User Specified from the Time Step Method list.
Retain the default value of 1 for Pseudo Time Step.

c. Enter 400 for Number of Iterations.

d. Click Calculate.
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Figure 7.3: Temperature Surface Report
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The surface report history shows that the average temperature on zz_center_z has stabilized, thus con-
firming that the solution has indeed reached convergence. You can view the behavior of the residuals
(Figure 7.4: Scaled Residuals (p. 333)) in the Scaled Residuals graphics window tab.
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Figure 7.4: Scaled Residuals
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7. Save the case and datafiles(rad_a_1. cas. gz,rad_a_1. dat. gz).

@ File -~ Write - Case & Data...

7.4.9. Postprocessing

D~

1. Enable the postprocessing view by clicking in the objects toolbar and selecting Post Processing.

2. Disable lighting.

If

= Results - Graphics

X

Lights...
a. Disable Light On and click Apply.
b. Close the Lights dialog box.

3. Create a new surface, zz_x_side, which will be used later to plot wall temperature.

@ Postprocessing - Surface - Create - Line/Rake...
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E Line/Rake Surface @

Options Type

[ Line Toal M | H

3

4

End Foints
x0 (m) | 0,125 x1 (m) ||:|.125
‘f':'l:m:'||:| Fll:m:'||:|

z0 (m) ||:|.125 z1 (m) ||:|. 125

[ Select Points with Mouse

Mew Surface Mame

| IZ_x_side

[ Create | [Manage...] [ Cloge ] [ Help ]

a. Enter(- 0. 125,0,0. 125) for (x0, y0, z0), respectively.
b. Enter (0. 125,0,0. 125) for (x1,y1, z1), respectively.

c. Enterzz_x_si de for New Surface Name.

Note

If you want to delete or otherwise manipulate any surfaces, click Manage... to open
the Surfaces dialog box.

d. Click Create and close the Line/Rake Surface dialog box.

4. Display contours of static temperature.

I_EE Postprocessing - Graphics - Contours - Edit...
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F

Contours
Options Contours of @
Filled Temperature... v]
Mode Values Static Temperature -
Global Range - -
("] Auto Range
Cip to Range 21 473.5
("] Draw Profiles —— _
Surfaces Filter Text =
Draw Mesh - : - :
w-high-y T
. w-high-z
[_anl:unng r-lomrx
“ Banded w-low-y F
i) Smooth w-low-z .
levels  Setwp PR
7_%_side -
20 =1 z

[ D'Lsplay] [ Compute ] [ Close ] [ Help ]

a. Enable the Filled option in the Options group box.

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

c. Select zz_center_z from the Surfaces selection list.

d. Enable the Draw Mesh option in the Options group box to open the Mesh Display dialog box.
i. Ensure Outline is selected in the Edge Type group box.
ii. Close the Mesh Display dialog box.

e. Disable the Auto Range option.

f. Enter 421 Kfor Min and 473. 15 K for Max.

g. Click Display, rotate the view as shown in Figure 7.5: Contours of Static Temperature (p.336), and close
the Contours dialog box.
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Figure 7.5: Contours of Static Temperature

447 et+02
4. 45e+02
442 e+02
4.28e+02
437 et+02
4. 24e+02
4. 32e+02
4.29e+02
4. 26 e+02
4. 24e+02
4.21e+02

A regular check for most buoyant cases is to look for evidence of stratification in the temperature field.
This is observed as nearly horizontal bands of similar temperature. These may be broken or disturbed by
buoyant plumes. For this case you can expect reasonable stratification with some disturbance at the
vertical walls where the air is driven around. Inspection of the temperature contours in Figure 7.5: Contours
of Static Temperature (p. 336) reveals that the solution appears as expected.

5. Create and display a contour definition for wall temperature (surfaces in contact with the fluid).

@ Postprocessing - Graphics - Contours - New...
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i

Contours

Contour Mame
wal-temperature
Options
Filled
["] Node Values
Global Range
Auto Range
Clip to Range
Draw Profiles
["] Draw Mesh

Coloring
@ Banded
Smooth

Colormap Options...

Contours of

Pressure...

Static Pressure
Min
]

Surfaces Filter Text

Max

FEEE

default-interior
w-high-x

w-high-y
w-high-z
wi-lowe-x
w-l ow-y
w-low-z
zz_center z

zz_y_side

[Savef[}lsplay] [Cnmpute] [Ch:rse] [Help]

Enterwal | -t enper at ur e for Contour Name.

Ensure that the Filled option is enabled in the Options group box.

Disable the Node Values option.

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

Select all surfaces except default-interior and zz_x_side in the Surfaces selection list.

Enter 413 K for Min and 473. 15 K for Max.

Click Save/Display, and rotate the view as shown in Figure 7.6: Contours of Wall Temperature (p. 338).
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Figure 7.6: Contours of Wall Temperature

6. Display contours of radiation heat flux.

IE Postprocessing - Graphics - Contours - Edit...
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Contours @
Options Contours of
Filled wiall Fluxes... -
[ Node Values g2 ivion Heat Flux -

Global Range

Auto Range Min (w/m2) Max (w/m2)
Clip to Range -265.2101 B80.5444

It st BEEEE
Surfaces Filter Text =7
Draw Mesh

default-interior

_ w-high-x

Coloring w-high-y

@ Banded w-high-2
Smooth w-low-x

wi- ow-y

Levels  Setup
20 = 1 =

w-low-z

7z_center z

z_y_side

[D'tsplay] [ Cormpute ] [ Close ] [ Help ]

Ensure that the Filled option is enabled in the Options group box.
Enable Auto Range.
Select Wall Fluxes... and Radiation Heat Flux from the Contours of drop-down list.

Make sure that all surfaces except default-interior and zz_x_side are selected in the Surfaces selection
list.

Click Display.
Close the Contours dialog box.

Figure 7.7: Contours of Radiation Heat Flux (p. 340) shows the radiating wall (w-low-x) with positive
heat flux and all other walls with negative heat flux.
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Figure 7.7: Contours of Radiation Heat Flux
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7. Display vectors of velocity magnitude.

F‘EE Postprocessing - Graphics - Vectors - Edit...
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i

Vectors @

Options Vectors of
Global Range [‘-.-’elcrc'rt:,r *]
Auto Range Color by
Clip to Range [ Velocity... -
Auto Scale - -
Draw Mech Velocity Magnitude -
Min Max
StﬂE 0 0
[arruw v] : -
Scale Skip Surfaces Filter Text @ @
7 0 - default-interior
[‘u’ectcrr Options... ] w-high-x
w-high-y
[Eustcrm Vectors... ] w-high-z
wi-low-x
w-low-y
w-low-z
7_x_side

[ Dlspla*_.r] [ Cormpute ] [ Close ] [ Help ]

Retain the default selection of Velocity from the Vectors of drop-down list.

Retain the default selection of Velocity... and Velocity Magnitude from the Color by drop-down lists.
Select zz_center_z from the Surfaces selection list.

Enable the Draw Mesh option in the Options group box to open the Mesh Display dialog box.

i. Ensure that Outline is selected from the Edge Type list.

ii. Click Display and close the Mesh Display dialog box.

Enter 7 for Scale.

Click Display and rotate the view as shown in Figure 7.8:Vectors of Velocity Magnitude (p. 342).

Close the Vectors dialog box.
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Figure 7.8: Vectors of Velocity Magnitude
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Compute view factors and radiation emitted from the front wall (w-high-x) to all other walls.

In the Postprocessing tab, click S2S Information... (Model Specific group box).

@ Postprocessing - Model Specific ~ S2S Information...

“:HD;E From Ficer Tait BHIEIEIE L G =|
I modent Ratston T .

wirhighsy wish
wrhigh-z
w-low-x

Boundary Tyes [0/11] =l w-lmve-y

welow-z
edhait-lan
inletvent
irtake=fan
rnass-flow-inlet
autflaw
outlet-vent
pressure-far-field
pressure-inlet
pressure-outlat
welosity-inlet
il

[Comouta | [Wite... | [Gosa] [Help |

a. Ensure that the View Factors option is enabled in the Report Options group box.

b. Enable the Incident Radiation option.
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c. Select w-high-x from the From selection list.
d. Select all zones except w-high-x from the To selection list.
e. Click Compute and close the $S2S Information dialog box.

The computed values of the view factors and incident radiation are displayed in the console. A view
factor of approximately 0.2 for each wall is a good value for the square box.

9. Compute the total heat transfer rate.

|MEE Postprocessing - Reports - Fluxes...

=

Flux Reports
Options ) . — =] [=] =
) Mass Flow Rate Boundaries Fiter Text 5\ BESLIHE‘.
@ Total Heat Transfer Rate default-interior
(! Radigtion Heat Transfer Rate | |\WEWILl: -12.8194 5238015545

w-high-y -12.61944048777846
w-high-z -13.04612051882683
w=lowe-x 62465117862698035

wi=low-y -12,13333957002079
wi=low-z -13.04567611232134

4 k 4 2

[ Save Qutput Parameter.. ] Het Results (w)
-0.01285044

| compute | [wrrte...] [Cluse] [HEIp]

a. Select Total Heat Transfer Rate from the Options list.

b. Select all boundary zones except default-interior from the Boundaries selection list.

c. Click Compute.

Note

The energy imbalance is approximately 0.004%.

10. Compute the total heat transfer rate for w-low-x.

|WEE Postprocessing - Reports - Fluxes...
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P

Flux Reports

Options . =l =1 =
Boundaries Fitar Text ol |=F |=%

i) Mass Flow Rate —"l Ii] M ﬁemrt*‘.

@ Total Heat Transfer Rate default-interior

(") Radigtion Heat Transfer Rate  |w-high-x
w-high-y
w-high-z
e - .65117862698035
w=low-y
w=logw-z
Fl | 2 4

Save Output Parameter... ] Het Results (w}

63.65118

| Compute | [wrrte...] [Cluse] [HEIp]

a.

b.

C.

Retain the selection of Total Heat Transfer Rate from the Options list.

Deselect all boundary zones and select w-low-x from the Boundaries selection list.

Click Compute.

Note

The net heat load is approximately 63 W.

11. Compute the radiation heat transfer rate.

Postprocessing - Reports - Fluxes...
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P

Flux Reports
Options ) - — =] (=] =
® Mass Flow Rate Boundaries Fitar Text 5\ F.ESI.ITE
i) Totzl Heat Transfer Rate default-interior
@ Radigtion Heat Transfer Rate | |\WEMELG: -10.98288437480712

w-high-y -0.944957894712171
w-high-z -10,70552600315407
wi=low=x 51.86710101153235

w=low-y -12,52661540261715
wi-low-z -10,70332174316133

4 [} 'l 2

Save Qutput Parameter.. ] Het Results (w}
-0.008244407

| Compute | [wrn:e...] [Cluse] [HEIp]

a. Select Radiation Heat Transfer Rate from the Options list.
b. Select all boundary zones except default-interior from the Boundaries selection list.

c. Click Compute.

Note

The heat imbalance is approximately -0.007 W.

12. Compute the radiation heat transfer rate for w-low-x.

|...~ " Postprocessing — Reports — Fluxes...

Release 18.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 345



Modeling Radiation and Natural Convection

=¥ Flux Reports
Options . =l =1 =
Boundaries Fitar Text ol |=F |=%
() Mass Flow Rate —"l Ii' X ﬁemrt*‘.
i) Total Heat Transfer Rate default-interior
@ Radigtion Heat Transfer Rate | w-high-x
w-high-y
w-high-z
N 51 .36710101153235
w=low-y
w=logw-z
4 3 4 3
Save Output Parameter... ] Het Results (w}
51.8671
| Compute | [Wr'rte... ] [ Close ] [ HEIp]

a. Retain the selection of Radiation Heat Transfer Rate from the Options list.
b. Deselect all boundary zones and select w-low-x from the Boundaries selection list.
c. Click Compute and close the Flux Reports dialog box.

The net heat load is approximately 51 W. After comparing the total heat transfer rate and radiation heat
transfer rate, it can be concluded that radiation is the dominant mode of heat transfer.

13. Display the temperature profile for the side wall.

["™=F Postprocessing  Plots - XY Plot - Edit...
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=

Salution XY Plat

Options

7] Mode Values

] Position on X Axis
Position on Y Axis

| Write to File
Crder Points

Fla Data

[mE5n)

Plot Direction ¥ Axis Function

X1 | Temperature... -|
Yo wal Temperature -
Z0 X Axis Function

>
[-EJ [a % Surfaces Fiter Text [%] ~—=,] [? [%]

[ Direction Vector

Load File... default-interior

w-high-x
Free Data w-high-y
w-high-2
w-low-x
w=low-y
wi-low-2
7_center z

| Plot | | Axes... | [curves... | | Close | | Help |

=

Select Temperature... and Wall Temperature from the Y Axis Function drop-down lists.
Retain the default selection of Direction Vector from the X Axis Function drop-down list.
Select zz_x_side from the Surfaces selection list.

Click Plot (Figure 7.9: Temperature Profile Along the Outer Surface of the Box (p. 348)).

i. Entertp_1. xy for XY File.

ii. Click OK in the Select File dialog box.

Disable the Write to File option.

Close the Solution XY Plot dialog box.

Enable the Write to File option and click the Write... button to open the Select File dialog box.
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Figure 7.9: Temperature Profile Along the Outer Surface of the Box
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14. Save the case and data files (rad_b_1. cas. gz andrad_b_1. dat. gz).

@ File -~ Write - Case & Data...

7.4.10. Comparing the Contour Plots after Varying Radiating Surfaces

1. Increase the number of faces per cluster to 10.

T Setup - Models - Radiation D» Edit...

a. Click the Settings... button to open the View Factors and Clustering dialog box.
i. Enter 10 for Faces per Surface Cluster for Flow Boundary Zones in the Manual group box.
ii. Click Apply to All Walls.
iii. Click OK to close the View Factors and Clustering dialog box.

b. Click the Compute/Write/Read... button to open the Select File dialog box and to compute the view
factors.

Specify a name for the S2S file that will store the cluster and view factor parameters.
i. Enterrad_10. s2s. gz for S2S File.

ii. Click OK in the Select File dialog box.
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c. Click OK to close the Radiation Model dialog box.

Right-click Solution Initialization and select Initialize.

/.

e

F‘- Solution - Solution Initialization Initialize

Start the calculation by requesting 400 iterations.

/.

Fe= Solution - Run Calculation D» Calculate
The solution will converge in approximately 309 iterations.

Save the case and data files (rad_10. cas. gz andrad_10. dat . gz).

e File -~ Write - Case & Data...

In a similar manner described in the steps 13.a - 13.g of Postprocessing (p. 333), display the temperature
profile for the side wall and write it to a file named t p_10. xy.

Repeat the procedure, outlined in steps 1 — 5 of this section, for 100,400, 800, and 1600 faces per surface
cluster and save the respective S2S files (for example, r ad_100. s2s. gz), case and data files (for example,
rad_100. cas. gz),and temperature profile files (for example, t p_100. xy).

Display contours of wall temperature for all six cases using the wall-temperature definition you created
earlier.

/

j@"

Fe= Results - Graphics - Contours - wall-temperature > Display
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Figure 7.10: Contours of Wall Temperature: 1 Face per Surface Cluster

Figure 7.11: Contours of Wall Temperature: 10 Faces per Surface Cluster
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Figure 7.12: Contours of Wall Temperature: 100 Faces per Surface Cluster
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Figure 7.13: Contours of Wall Temperature: 400 Faces per Surface Cluster
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Figure 7.14: Contours of Wall Temperature: 800 Faces per Surface Cluster
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Figure 7.15: Contours of Wall Temperature: 1600 Faces per Surface Cluster
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8. Display contours of surface cluster ID for 1600 faces per surface cluster (Figure 7.16: Contours of Surface
Cluster ID—1600 Faces per Surface Cluster (FPSC) (p.354)).

F‘EE Postprocessing - Graphics - Contours - Edit...

75

Contours @
Options Contours of
Filled Radiation... -
[ Node Values Surface Cluster ID -

Global Range )
Min Max
Auto Range
Clip to Range 0 E

Surfaces Filter Text ﬁ .—_f
Draw Mesh

default-interior

_ w-high-x
Coloring w-high-y
- - -J

@ Banded w-high-z
Smooth w-low-x

w-low-y

Levels  Setup
20 =1 1 =

w-low-z

zz_center_z

7_%_side

[D'tsplayf] [ Compute ] [ Close ] [ Help ]

a. Ensure that the Filled option is enabled in the Options group box.

b. Ensure that the Node Values option is disabled.

c. Enable the Auto Range option.

d. Select Radiation... and Surface Cluster ID from the Contours of drop-down lists.

e. Ensure that all surfaces except default-interior and zz_x_side are selected in the Surfaces selection
list.

f. Click Display and rotate the view as shown in Figure 7.16: Contours of Surface Cluster ID—1600 Faces
per Surface Cluster (FPSC) (p. 354).

g. Close the Contours dialog box.
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Figure 7.16: Contours ofSurface Cluster ID—1600 Faces per Surface Cluster (FPSC)
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9. Readrad_400. cas. gz andrad_400. dat . gz and, in a similar manner to the previous step, display
contours of surface cluster ID (Figure 7.17: Contours of Surface Cluster ID—400 FPSC (p. 355)).
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Figure 7.17: Contours ofSurface Cluster ID—400 FPSC
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Figure 7.17: Contours of Surface Cluster ID—400 FPSC (p. 355) shows contours of Surface Cluster ID for
400 FPSC. This case shows better clustering compared to all of the other cases.

10. Create a plot that compares the temperature profile plots for 1, 10, 100, 400, 800, and 1600 FPSC.

F‘EE Postprocessing - Plots - File...

a. Click the Add... button to open the Select File dialog box.
i. Selectthefilet p_1. xy that you created in step 11 of Postprocessing (p. 333).
ii. Click OK to close the Select File dialog box.

b. Change the legend entry for the data series.
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-

ED File XY Plot

Plot Title
Wall Temparature

Filas

D:/Fluent Tutonals 180/ Tut? /radiztion_natural_conwvectid

Legend Title [

Addil‘i

Faces/Clusters [

=
)
|

Deleta

Legand Entries

|Chan ge Legend EI'ItI'Y]

1

torizls 180/ Tut?/radiztion_natural_convection/tp_1.xy 1

[Plntj [Axes...] [Cuwes...] [Eluse] [Helpd

i. Enter Faces/ C ust er in the Legend Title text box.

ii. Enter 1 in the text box to the left of the Change Legend Entry button.

iii. Click Change Legend Entry.

ANSYS Fluent will update the Legend Entry text for the filet p_1. xy.

c. Loadthefilest p_10. xy,tp_100. xy,t p_400. xy,t p_800. xy,andt p_1600. xy and change
their legend entries accordingly, in a manner similar to the previous two steps (a and b).

d. Click the Axes... button to open the Axes dialog box.

B Axes - File XY Plot
Axis

@ x
@y

Label

Options

[[ILog

Auto Range
[ mMajor Rules
[ Miner Rules

-

==

Mumber Format Major Rules
Type
[ﬂuat - ] foreground
Precision
3 (&) | 1
| S
Range Minor Rules
| ] dark gray

E E
i

[Apply] [Clnse] [ Help ]

i. Ensure X is selected from the Axis list.

ii. Enter 3 for Precision in the Number Format group box and click Apply.

iii. Select Y from the Axis list.

iv. Enter 2 for Precision and click Apply.
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v. Close the Axes dialog box.

e. Click Plot (Figure 7.18: A Comparison of Temperature Profiles along the Outer Surface of the Box (p. 357))
and close the File XY Plot dialog box.

Figure 7.18: A Comparison of Temperature Profiles along the Outer Surface of the Box

EMPperatLre T
H 4350402 - o ""“::

1 «'¥ssssssslogs s s ¢

4302402 -'lllllll==lll 8 l BN E R RLLLL "W

4250407 | s ==i:::::=ﬁ
- e segy

4200407 |

4 15e+12 T T T T T T T T T T

012 -0 007G 005 -0.025 1] ooxs  0os  0ovs 0.4 0.125

Fosition

7.4.11.S2S Definition, Solution, and Postprocessing with Partial Enclosure

4

As mentioned previously, when the S25 model is used, you also have the option to define a “partial enclosure”;
that is, you can disable the view factor calculation for walls with negligible emission/absorption, or walls

that have uniform temperature. Even though the view factor will not be computed for these walls, they will
still emit radiation at a fixed temperature called the “partial enclosure temperature” The main advantage

of this is to speed up the view factor and the radiosity calculation.

In the steps that follow, you will specify the radiating wall (w-low-x) as a boundary zone that is not particip-
ating in the S2S radiation model. Consequently, you will specify the partial enclosure temperature for the
wall. Note that the partial enclosure option may not yield accurate results in cases that have multiple wall
boundaries that are not participating in S25 radiation and that each have different temperatures. This is
because a single partial enclosure temperature is applied to all of the non-participating walls.

1. Read the case file saved previously for the S25S model (rad_b_1. cas. gz).

@ File -~ Read - Case...

2. Set the partial enclosure parameters for the S2S model.

3

Fe= Setup - Boundary Conditions - w-low-x E—l Edit...
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= wall

Zone Name
we-lowe-x

Adjacent Cell Zone
fluid

| Momentum | Thermal | Radation | Specias | DPM | Multiphase | uDs | Wall Fim ] Potential

525 Parameters
Faces Per Surface Cluster 1 [£]
[C] Participates in View Factor Calculation

| oK | [Eancell [Help]

a. Click the Radiation tab.

b. Disable the Participates in View Factor Calculation option in the S2S Parameters group box.

c. Click OK to close the Wall dialog box.

Click OK to close the dialog box informing you that you must recompute viewfactors.

3. Compute the view factors for the S2S model.
Fre Setup - Models -, Radiation Q Edit...
a. Click the Settings... button to open the View Factors and Clustering dialog box.
b. Click the Select... button to open the Participating Boundary Zones dialog box.
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= Particpating Boundary Zones E
Maxirum Detance (m) from Critical Zene
Ta &l D5her fones (0 Loemputs

To Farbcpatng Janes |0 Apol

Paricpatng Boundary Zonas Fitar Teat 5| [==| |5F! |=5| wonFarticpating Boundary Zones Fier Taxt =Sl =l = &=
wehighex .-.\-Icw X
w-high-y
whigh-z
-
welow-z
==
Displry Zones

Hon-Participatmg Boundary Zones Tempemturs () 47315

(&) (Grea] (6]

i. Enter 473. 15 K for Non-Participating Boundary Zones Temperature.
ii. Click OK to close the Participating Boundary Zones dialog box.
Click OK to close the dialog box informing you that you must recompute viewfactors.
c. Click OK to close the View Factors and Clustering dialog box.

d. Click the Compute/Write/Read... button to open the Select File dialog box and to compute the view
factors.

The view factor file will store the view factors for the radiating surfaces only. This may help you control
the size of the view factor file as well as the memory required to store view factors