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Chapter 12 How to Use ANSYS FLUENT

12.1 Introduction to NHT software

12.2 NHT Modeling Overview

12.3 Simple Examples of Using ICEM/FLUENT
12.4 Procedure of Using FLUENT

12.5 Introduction to ICEM and Meshing with ICEM for
structural grid
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12. 1. Introduction to Numerical Heat Transfer Software

FLUENT, CFX, COMSOL, STAR-CD, ABAQUS, PHOENICS,
ADINA, NASTRAN.....
Market share: Fluent>CFX> others

Accuracy: case-dependent

Technical documentation available:

Fluent>CFX> others

4/253
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Fluent is a general-purpose computational fluid dynamics
(CFD) program for modeling fluid flow, heat transfer, and
chemical reactions in complex geometries.

It offers a user-friendly interface that streamlines the CFD
process from pre- to post-processing within a single-

window workflow (RfE4LE(E. #BIEMIE) .

It provides complete mesh flexibility, including the ability to

solve flow problems using unstructured meshes(EE4FK)

that can be generated about complex geometries.

5/253
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1). Getting Started Guide contains general information about
getting started with using FLUENT.(56 Pages)

ANSYS Fluent Getting Started Guide

Table of Contents

Preface

Chapter 1: Introduction to ANSYS Fluent

Chapter 2: Basic Steps for CFD Analysis using ANSYS Fluent
Chapter 3: Guide to a Successful Simulation Using ANSYS Fluent
Chapter 4: Starting and Executing ANSYS Fluent

Glossary of Terms

U [y [ [ [ude [y D [0

71253



c—

(R TF XA % HAAE L TR
B hH AL R L ‘
\\fi'k?/l XIAN JIADTON;:‘UVERSITY ﬁﬁ%‘: ? l\é\\ #”’\_E&i

2). User’s Guide contains detailed information about using
FLUENT, including information about the user interface, reading
and writing files, defining boundary conditions, setting up physical
models, calculating a solution and analyzing results.(2498 Pages)

Using This Manual

Chapter 1: Starting and Executing ANSYS FLUENT
Chapter 2: Graphical User Interface (GUI)
Chapter 3: Text User Interface (TUI)

Chapter 4: Reading and Writing Files

Chapter 5: Unit Systems

Chapter 6: Reading and Manipulating Meshes

[+
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Chapter 7: Cell Zone and Boundary Conditions
Chapter 8: Physical Properties 8/253
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Chapter 9: Modeling Basic Fluid Flows

Chapter 10:
Chapter 11:
Chapter 12:
Chapter 13:
Chapter 14:
Chapter 15:
Chapter 16:
Chapter 17:
Chapter 18:
Chapter 19:
Chapter 20:
Chapter 21:
Chapter 22:

Modeling Flows with Moving Reference Frames
Modeling Flows Using Sliding and Dynamic Meshes
Modeling Flows Using the Mesh Morpher/Optimizer
Modeling Turbulence

Modeling Heat Transfer

Modeling Heat Exchangers

Modeling Species Transport and Finite-Rate Chemistry
Modeling Mon-Premixed Combustion

Modeling Premixed Combustion

Modeling Partially Premixed Combustion

Modeling a Composition PDF Transport Problem
Using Chemistry Acceleration

Modeling Engine Ignition
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| chapter 23: Modeling Pollutant Formation

& Chapter 24: Predicting Aerodynamically Generated Noise

& Chapter 25: Modeling Discrete Phase

& Chapter 26: Modeling Multiphase Flows

g Chapter 27: Modeling Solidification and Melting

] Chapter 28: Modeling Eulerian Wall Films

g Chapter 29: Using the Solver

®] chapter 30: Adapting the Mesh

& Chapter 31: Creating Surfaces for Displaying and Reporting Data
] Chapter 32: Displaying Graphics

& Chapter 33: Reporting Alphanumeric Data

& Chapter 34: Field Function Definitions

& Chapter 35: Parallel Processing

& Chapter 36: Task Page Reference Guide

& Chapter 37: Menu Reference Guide 10/253
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3). Theory Guide contains reference information for how the
physical models are implemented in FLUENT.
1| B ANSYS FLUENT Theory Guide
[P Table of Contents
P Using This Manual
P Chapter 1: Basic Fluid Flow

L Chapter 2: Flows with Moving Reference Frames

LF Chapter 3: Flows Using Shiding and Dynamic Meshes
P Chapter 4: Turbulence
[ Chapter 5: Heat Transfer

(51 cromrent [ Chapter 6: Heat Exchangers 11/253
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[ Chapter 7: Species Transport and Finite-Rate Chemistry
[P Chapter & Mon-Premixed Combustion

P Chapter 9: Premixed Combustion

[P Chapter 10: Partially Premixed Combustion

[P Chapter 11: Composition PDF Transport

P Chapter 12: Chemistry Acceleration

[P Chapter 13: Engine Ignition

[ Chapter 14: Pollutant Formation

[P Chapter 15: Aerodynamically Generated Noise
iy Chapter 16: Discrete Phase

[P Chapter 17: Multiphase Flows

[ Chapter 18: Solidification and Melting

(51, CEoNuT-EHT P Chapter 19: Eulerian Wall Films 12/253
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3). Workbench User's Guide contains information about getting
started with and using FLUENT within the Workbench
environment.(110 Pages)

H B H

[+]
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*| ANSYS Fluent in ANSYS Workbench User's Guide

Table of Contents

Using This Manual

Chapter 1: Getting Started With Fluent in Workbench

Chapter 2: Working With Fluent in Workbench

Chapter 3: Getting Started With Fluent Meshing in Workbench
Appendix A. The Fluent Menu Under Workbench

Index

13/253
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4). UDF Manual contains information about writing and using
user-defined functions (UDFs).(566 Pages)

af
ol

Chapter 1:
Chapter 2.

Overview of User-Defined Functions (UDFs)
DEFINE Macros

ol
ol
ol
ol
ol

ol

Chapter 3:
Chapter 4:
Chapter 5:
Chapter 6:
Chapter 7:
Chapter 8.

Additional Macros for Writing UDFs

Interpreting UDFs

Compiling UDFs

Hooking UDFs to ANSYS FLUENT Hooking: 3%,

Parallel Considerations

Examples

14/253
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5).Tutorial Guide contains a number of example problems with
detailed instructions, commentary, and post-processing of
results.(1146 Pages)

] Chapter 1: Introduction to Using ANSYS FLUENT in ANSYS Workbench: Fluid Flow and Heat Transfer in a Mixing Elbow
] Chapter 2: Parametric Analysis in ANSYS Workbench Using ANSYS FLUENT

] Chapter 3: Introduction to Using ANSYS FLUENT: Fluid Flow and Heat Transfer in a Mixing Elbow

] Chapter 4: Modeling Periodic Flow and Heat Transfer

] Chapter 5: Modeling External Compressible Flow

] Chapter 6: Modeling Transient Compressible Flows

] Chapter 7: Modeling Radiation and Natural Convection

] Chapter 8: Using the Discrete Ordinates Radiation Model

|[| Chapter 9: Using a Mon-Conformal Mesh

] Chapter 10: Modeling Flow Through Porous Media

15/253
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Chapter 11:
Chapter 12:
Chapter 13:
Chapter 14:

HAMFEIR
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Using a Single Rotating Reference Frame
Using Multiple Reference Frames

Using the Mixing Plane Model

Using Sliding Meshes

Chapter 15:
Chapter 16:
Chapter 17:
Chapter 18:
Chapter 19:
Chapter 20:
Chapter 21:
Chapter 22:
Chapter 23:

Using Dynamic Meshes

Modeling Species Transport and Gaseous Combustion
Using the Non-Premixed Combustion Model

Modeling Surface Chemistry

Modeling Evaporating Liquid Spray

Using the VOF Model

Modeling Cavitation

Using the Mixture and Eulerian Multiphase Models

Using the Eulerian Multiphase Model for Granular Flow

16/253
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6).Text Command List contains a brief description of each of the
commands in FLUENT’s text interface.(128 Pages)

K] Chapter 1: adapt/

|[| Chapter 2: define/

& Chapter 3: display/

|[| Chapter 4: exit / close-fluent
|[| Chapter 5: file/

|[| Chapter 6: mesh/

& Chapter 7: parallel/

K] Chapter 8: plot/

i Chapter 9: report/

|[| Chapter 10: solve/

& Chapter 11: surface/ 17/253
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7). Fuel Cell Modules Manual contains information about the
background and the usage of two separate add-on fuel cell models
for FLUENT.(119 Pages)

[ Table of Contents

| Using This Manual

K Chapter 1: Fuel Cell and Electrolysis Model Theory

[ Chapter 2: Using the Fuel Cell and Electrolysis Model

] Chapter 3: SOFC Fuel Cell With Unresolved Electrolyte Model Theory

E Chapter 4: Using the Solid Oxide Fuel Cell With Unresolved Electrolyte Model
E Bibliography
[ Index

A 18/253
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Advantage of commercial NHT Software:

Easy to use!
However, it can not solve all the problems! In our research, for

Individual calculations, particularly complicated models, there
are still a few computation issues for Fluent.

Advantage of Self-programming for NHT:

It I1s rather important for research!
We can understand the basic procedures and mechanisms in NHT.

19/253
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Almost all the widely used CFD softwares are controlled by the
United States and European Union. It remind us that U.S.A still
leads in industrial software and many other industries.

CFD analysis has replaced most of experiments to design
Industrial products. If the United States and European Union
Implement the same restrictive measures, we have to go back to
do a lot of experiments.

After learning the basic steps of other software, we should
develop our domestic CFD software.

A 20/253
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12.1.2 ANSYS Fluent software

Fluid flow: 2D planar, 2D axisymmetric, 2D axisymmetric with
swirl (rotationally symmetric), and 3D flows.

Incompressible or compressible flows, including all speed regimes
(low subsonic, transonic, supersonic, and hypersonic flows)

Heat Transfer: Conduction/Convection/Radiation Heat Transfer
Multiphase Flow, Fluid-Structure Interaction, Turbulence Modeling

Combustions/Pollution Distribution

J, CEO-NuT-EHT 21/253
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12.1.3 How Does NHT Software Work?

Fluent solvers are based on the finite volume method.
1) Domain is discretized into a finite set of control volumes.(Chapter 2.Discretization

of Computational Domainitt& X i 5324 5 K B #ik)

2) General conservation equations for mass, momentum, energy, etc. are solved on
this set of volumes. (Chapters 5. Discretized Schemes of Diffusion and Convection

Equation; ZE5F: XTIy #U7 2 B K)

3) Partial differential equations are discretized into a “
system of algebraic equations.(Chapter 5: Discretized Control

Volume*

Schemes of Diffusion and Convection Equation)

4) All algebraic equations are then solved numerically to ,iq region of pipe flow is
obtain the solution field.(Chapter 7 Solution Methods for {iscretized into a finite set
Algebraic Equations35 7% : RETTRERIRFETT ) of control volumes

22/253
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12.2. NHT Modeling Overview
Solver
Equations solved on mesh
Pre-Pr In .
ey (5 Transport Equations ) ohve T\
+ Modeler + Mesh + Physical Models
Generator ] — Mass
— momentum L e Turbulence
— energy o Combustion
: « Supporting Physical o Radiation
+Solver Settings [ —>1 \_ \odels . Multiphase
- 1 ~ e Phase Change
: + Material Properties « Moving
[ Post-Processing l' + Boundary Conditions Zones
¢ Initial Conditions p \ e Moving Mesv
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12.2.1 NHT Analysis: Basic Steps
Problem Identification and Pre-Processing

.
1. Define our modeling goals. (3|58 &N 7 %4)
2
3

. ldentify the domain we will model.

. Design and create the grid. (ZrE X 5EH 5 ERE S, F1R2E)

Pl Solver Execution

4. Set up the numerical model. (B iEFMERE#E, 5, 6F)
5. Compute and monitor the solution.(FFER#, H7E)

Y Post-Processing

Examine the results.
7. Consider revisions to the model.

oF

1253
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1. Define Our Modeling Goals

1) What results are we looking for, and how will they be used?

 What are our modeling options?

* What physical models will need to be included in our analysis?
« What simplifying assumptions do we have to make?

« What simplifying assumptions can we make?

o Could we use user-defined functions (written in C)?

2) What degree of accuracy is required?

3) How quickly do we need the results?

25/253
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4) How will you isolate a piece of the complete physical system?

5) Where will the computational domain begin and end?

Do we have boundary condition information?
e Can the boundary condition types accommodate that information?
e Can we extend the domain to a point where reasonable data exists?

26/253
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Identlfy the Domain We Will Model

1) How will we isolate a piece of the complete physical

system?

2) Where will the computational domain begin and
end?

® Are the boundary condition types appropriate?

® Do we have boundary condition information at
these boundaries?

® |s the domain appropriate?

Gdas

Cyclone

N

Riser

f L-valve
Gas

3) Can it be simplified or approximated as a 2D or
axisymmetric problem?

Example: Cyclone

Separator

27/253
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3ﬁﬂuDeS|gn and Create the Grid

1) Can we use a quad/hex (VUi RIS TEIZE ) grid or should we use a triftet (= 7%/1Y

[f4£) grid or hybrid grid?

eHow complex is the geometry and flow?

A 2) What degree of grid resolution is required in each region of
Triangle Quadrilateral | the domain?
=hw mﬂlﬂ% oIs the resolution sufficient for the geometry?
«Can we predict regions with high gradients?
Tetrahedron I-]éxahedron Will we use adaption to add resolution?
P NI & 3) Do we have sufficient computer memory?

RN
1 eHow many cells are required?

Pyramid Prism/wedge eHow many models will be used?
&7 FHE A

28/253
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node
cell ..---""". T
center
face
cell o A
- ,.-""/- nodes
simple 2D grid 1 ,,_,.-"'f
piys

Some basic grid Cdge
terminology

RN ——— simple 3D grid 20/253
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Mesh Terminology

Cell Control volume

Cell center Location where cell data is stored

Face Boundary of a cell (2D or 3D)

Edge Boundary of a face (3D)

Node Grid point

Cell thread Grouping of cells

Face thread Grouping of faces

Node thread Grouping of nodes

Domain A grouping of node, face, and cell threads

CFD-NHT-EHT
EEEEEE

30/253
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Fluent is an unstructured solver. It uses internal data structures to
assign an order to the cells, faces, and grid points in a mesh and to
maintain contact between adjacent cells.

Therefore, it does not require I, |, k indexing to locate neighboring cells.
This gives us the flexibility to use the best mesh topology for our problem,
as the solver does not force an overall structure or topology on the mesh.

(5 S 31253
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€ Examples of Acceptable Mesh Topologies

-

o

Structured Quad Mesh for an Unstructured Quad
Airfoil Mesh

Parachute Modeled With Zero- ~ Unstructured Triangular Hybrid Tri/Quad Mesh with

Thickness Wall Mesh for an Airfoil .
G crom e Hanging Nodes 321253
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€ Choosing the Appropriate Mesh Type

Fluent can use meshes comprised of triangular or quadrilateral cells (or a
combination of the two) in 2D domain, and tetrahedral, hexahedral,
polyhedral, pyramid, or wedge cells (or a combination of these) in 3D
domain.

The choice of which mesh type to use will depend on the actual
application. When choosing mesh type, consider the following issues:

@® Setup time

@ Computational expense

® Numerical diffusion(false diffusion)(Chapter 5.5, P.152)

r_FI_I CFD-NHT-EHT 33/253
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(1) Setup Time

Many flow problems solved in engineering practice involve complex
geometries. The creation of structured or Dblock-structured meshes
(consisting of quadrilateral or hexahedral elements) for such problems can
be extremely time-consuming.

Therefore, setup time for complex geometries is the major
motivation for using unstructured meshes employing triangular or
tetrahedral cells. However, if the geometry is relatively simple, there
may be no saving in setup time with either approach.

|—_I:_|_I CFD-NHT-EHT 34/253
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Other risks of using structured or block-structured meshes with
complicated geometries include the oversimplification of the
geometry, mesh quality issues, and a less efficient mesh
distribution(for example, fine resolution In areas of less
Importance) that results in a high cell count.

(2) Computational EXpense

When geometries are complex or the range of length scales of
the flow iIs large, a triangular/tetrahedral mesh can be created
with far fewer cells than the equivalent mesh consisting of

EEEEEE 3



(@) FHXAAE RopAtE s A2 @

et/ XIAN JIAOTONG UNIVERSITY ﬁ ﬁ- 7: %i
Lroma = = l!!:" i
——¥——¥3—

Structured quadrilateral/hexahedral meshes will generally
force cells to be placed in regions where they are not needed.
Unstructured quadrilateral/hexahedral meshes offer many of the
advantages of triangular/tetrahedral meshes for moderately-
complex geometries.

A characteristic of quadrilateral/hexahedral elements that
might make them more economical in some situations is that

they permit a much larger aspect ratio than
triangular/tetrahedral cells.

é_lD Lru-Mai-Eni 36/253
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A large aspect ratio in a triangular/tetrahedral cell will
Invariably affect the skewness of the cell, which is undesirable
as It may impede accuracy and convergence.

Therefore, If it I1s a relatively simple geometry in which the
flow conforms well to the shape of the geometry, such as a long
thin duct, use a mesh of high-aspect-ratio quadrilateral/
hexahedral cells. The mesh is likely to have far fewer cells than
If we use triangular/tetrahedral cells.

CFD-NHT-EHT
[] ceENTER
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The following practices are generally recommended:
@O For simple geometries, use quadrilateral/hexahedral(PiifE/7s

[H4&) meshes.

@ For moderately complex geometries, use unstructured
guadrilateral/hexahedral meshes.

® For relatively complex geometries, use triangular/tetrahedral(=

A FMIUE4E) meshes with wedge elements in the boundary
layers.

@ For extremely complex geometries, use pure triangular/

EEEEE by 381293
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Tri/Tet vs. Quad/Hex Meshes

guad/hex

1) For simple geometries,

meshes

n
with fewer

Ca

cells

solutions

comparable tri/tet mesh.

2) For complex geometries, quad/hex
meshes show no numerical advantage,
and we can save meshing effort by using

a tri/tet mesh.

39/253
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Hybrid Mesh Example
» Valve port grid

tet mesh

1) Specific regions can be meshed

ith different cell types. hex }esh

2) Both efficiency and accuracy are
enhanced relative to a hex or tet
mesh alone.

wedge mesh

3) Tools for hybrid mesh generation

are available in ICEM. Hybrid mesh for an engine valve port

40/253
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(3). Numerical diffusion(False Diffusion) (Chapter 5.5, P.152)

Increasing the real diffusion coefficient.

A dominant source of error in multidimensional situations is
false diffusion. Its effect on a flow calculation is similar as that of

The following comments can be made about false diffusion:

@ All practical numerical schemes for solving fluid flow contain
a finite amount of false diffusion. This Is because false

diffusion arises from truncation errors (:

iR E) that are a

consequence of representing the fluid
discrete form.

CFD-NHT-EHT
]

EEEEE R

flow equations In
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@ The second-order upwind, QUICK and the MUSCL
discretization scheme used In Fluent can help reduce the
effects of false diffusion on the solution. (Chapter 5.6,
P162)

® The amount of false diffusion is inversely related to the
resolution of the mesh. 1.e. a coarser mesh will have more
false diffusion than a more refined mesh. Therefore, one
way of dealing with false diffusion is to refine the mesh.

I—{j_l_lzI g::;::'r-eu'r 42/253
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First-order Upwind Second-order Upwind

8 X8

64 X 64

False diffusion
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False diffusion is minimized when the flow is aligned with the mesh.

If we use a quadrilateral/hexahedral mesh, this situation might
occur, but not for complex flows. It is only in a simple flow, such as
the flow through a long duct, in which we can rely on a
guadrilateral/nexahedral mesh to minimize false diffusion.

In  such situations, it Is advantageous to use a
quadrilateral/hexahedral mesh, since we will be able to get a better
solution with fewer cells than If we were wusing a
triangular/tetrahedral mesh.

J, CEO-NuT-EHT 44/253
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Mesh Requirements and Considerations

Mesh Quality- Orthogonal quality (1

X RR)

The quality of the mesh plays a significant role in the accuracy and stability
of the numerical computation. Regardless of the type of mesh used in our
domain, checking the quality of our mesh is essential. One important indicator
of mesh quality that Fluent allows to check is a quantity referred to as the

orthogonal quality.

The worst cells will have an orthogonal quality closer to 0 and
the best cells will have an orthogonal quality closer to 1.

|-_F|_| CFD-NHT-EHT
[] ceENTER
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Ci: A vector from
the centroid of the
cell to the centroid
of the adjacent cell
that shares that
face

Il

i f AT
17 4|2

S}

_Area vector is a surface normal
points* outwards from
] and has a magnitude
al to the area of the wall cell face

A;: Area vector of
a face

7’} : A vector from
the centroid of the
cell to the centroid
of that face

The minimum value of t
the faces i1s defined as the

ne two above equations for all of
orthogonal quality for the cell.

|-_I:|J CFD-NHT-EHT
[] ceENTER
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Mesh Quality- Aspect ratio

Another important indicator of mesh quality is aspect ratio(
% EB). The aspect ratio is a measure of the stretching of a cell.

It I1s computed as the ratio of the
maximum value to the minimum value of
any of the following distances: the normal \ .
distances between the cell centroid and face \1‘?
centroids (computed as a dot product of the
distance vector and the face normal), and

the distances between the cell centroid and
nodes.

IJE_I_IZI g::;::'r-eu'r 47/253
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face centroid

cell centroid

N~
4 I

The higher of this ratio, the stretching of the cell is obvious.
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€ Mesh Element Distribution

Since it is discretely defining a continuous domain, the degree to which the
salient features of the flow (such as shear layers, separated regions, shock
waves, boundary layers, and mixing zones) are resolved depends on the
density and distribution of mesh elements.

In_ many cases, poor resolution in critical regions can dramatically affect
results. For example, the prediction of separation due to an adverse pressure
gradient depends heavily on the resolution of the boundary layer upstream of
the point of separation.

|-_F|_| CFD-NHT-EHT
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Resolution of the boundary layer (i.e., mesh spacing near walls) also

plays a significant role in the accuracy of the computed wall shear stress
and heat transfer coefficient. In the near-wall region, different mesh

resolutions are required depending on the near-wall model being used.

In general, no flow passage should be represented by fewer than 5
cells. Most cases will require many more cells to adequately resolve the
flow passage. In regions of large gradients, as in shear layers or mixing
zones, the mesh should be fine enough to minimize the change in the flow
variables from cell to cell.

|-’5__| CFD-NHT-EHT 50/253
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Cell Quality

The quality of the cell (including its orthogonal quality(Es: /5 &), aspect
ratio(& KK % E), and skewness(fi# ) also has a significant impact on the
accuracy of the numerical solution.

Skewness is defined as the difference between the shape of the cell and the
shape of an equilateral cell of equivalent volume. Highly skewed cells can
decrease accuracy and destabilize the solution. A general rule is that the
maximum skewness for a triangular/tetranedral mesh in_most flows should be
kept below 0.95, with an average value that is significantly lower. A maximum
value above 0.95 may lead to convergence difficulties and may require
changing the solver controls, such as reducing under-relaxation factors and/or
switching to the pressure-based coupled solver.

r_FI_I CFD-NHT-EHT 51/253
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Equilateral Triangle Highly Skewed

Triangle
Equiangular Highly Skewed
Quad Quad
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Value of Skewness Cell Quality
1 degenerate
09—<1 bad (sliver)  The difference of cell and
075—009 000r equilateral cell _should be
as small as possible!
0.5—0.75 fair U
optimal (equilateral) cell
0.25—0.5 good
>0 —0.25 excellent
0 equilateral

Equilateral-Volume-Based Skewness

Optimal Cell Size - Cell Size

Skewness = Optimal Cell Size

rij__l CFD-NHT-EHT
[] ceENTER

actual cell

\

circumsphere
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Mesh Quality (2D) :

Orthogonal Quality ranges from 0 to 1, where values close to 0 correspond
to low quality.

Minimum Orthogonal Quality = 6.07960e-01

Maximum Aspect Ratio = 5.42664e+00

Mesh Quality (3D) :

Minimum Orthogonal Quality = 5.09565e-01

(Orthogonal Quality ranges from 0 to 1, where values close to 0 correspond to
low quality.)

Maximum Ortho Skew = 4.90435e-01

(Ortho Skew ranges from 0 to 1, where values close to 1 correspond to low
quality.)

Maximum Aspect Ratio = 5.51406e+01

253
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€ Smoothness

Rapid changes in cell volume between adjacent cells translate

Into larger truncation errors.

*Truncation error is the difference between the partial derivatives in the
governing equations and their discrete approximations.(Chapter 2.2, P32, 2%t
%)

Fluent provides the capability to improve the smoothness by
refining the mesh based on the change In cell volume or the

gradient of cell volume.

|-’5__| CFD-NHT-EHT 55/253
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€ Flow-Field Dependency

The effect of resolution, smoothness, and cell shape on the
accuracy and stability of the solution process is dependent on the
flow field being simulated. For example, very skewed cells can be
tolerated in benign(“F 22 HJ) flow regions, but can be very
damaging in regions with strong flow gradients.

Since the locations of strong flow gradients generally cannot
be determined before the simulation, we should strive to achieve
a high-quality mesh over the entire flow domain.
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4. Set Up the Numerical Model
¢ For agiven problem, we will need to:

(O Select appropriate physical models.
= Turbulence, combustion, multiphase, etc.

@ Define material properties.
= Fluid/Solid/Mixture

Solving initially in 2D domain

Prescribe operating conditions. will provide valuable experience
Prescribe boundary conditions at all | with the models and solver
boundary zones. settings for our problem in a

short amount of time.

Provide an initial solution.

Set up solver controls.

QOO e

Set up convergence monitors.
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5. Compute the Solution
(DThe discretized conservation equations are solved iteratively.

A number of iterations are usually required to reach a converged solution.

@ Convergence is reached when:

Changes in solution variables from one iteration to the next are negligible.

Residuals provide a mechanism to help monitor this trend.
Overall property conservation is achieved.

3 The accuracy of a converged solution is dependent upon:

Problem setup
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6. Examine the Results
¢ Examine the results to review solution and extract useful data.

1) Visualization Tools can be used to answer such questions as:

 What is the overall flow pattern? Examine results to
* Isthere separation? ensure property
*  Where do shear layers form? conservation and
» Are key flow features being resolved? correct ohysical

2) Numerical Reporting Tools can be used to calculate behavior. High
guantitative results: residuals may be
attributable to only

e Forces and Moments
a few cells of poor

» Average heat transfer coefficients _
« Surface and Volume integrated quantities quality.
* Flux Balances
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1. Con3|der Revisions to the Model
1) Are physical models appropriate?
els flow turbulent? Is flow unsteady?
oAre there compressibility effects?  Are there 3D effects?
2) Are boundary conditions correct?

ols the computational domain large enough?
oAre boundary conditions appropriate?
oAre boundary values reasonable?

3) Is grid adequate?

eCan grid be adapted to improve results?

eDoes solution change significantly with adaption, or is the solution grid
independent?

eDoes boundary resolution need to be improved?
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12.3.Simple Examples to Using FLUENT
Example 1: Flow over a cylinder(Karman vortex street )

R=50
1200

Vin1=0.01m/s
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Example 2: 2D Pipe Junction

|

Tin1=300K Vin1=1m/s Tin2=360K  Vin1=5m/s
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Example 3: Natural convection in a slot

Tleft

1000

An example from text book(P161)
(BB 161 HIE

T =320K, T.....=300K

right 63/253
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NANSYS

Dimension Options
O 20 Double Precision
& 3D [[] Use Job Scheduler

[] Use Remote Linux Modes

Display Options

Display Mesh After Reading
Embed Graphics Windows
workbench Color Scheme

=) Parallel [Local Machine]

Number of Processes

4 +

(=] Show Fewer Options

E riviraniment

General Options Parallel Settings Scheduler

Interconnects [] Cache HP-MPI Password

defaulf ~
MPI Types

default v
Run Types

(g) Shared Memory on Local Machine

> Distributed Memory on a Cluster

I (0] 4 I [ Default ] I LCancel ] [ Help ']

Fluent launcher interface(2018vs.2023)

(=13

FLUENT Launcher

B Fluent Launcher 2023 R1

Fluent Launcher

Home General Options

Solution

Materials Processing

() Show Beta Launcher Options

Parallel Setting= Femote
Capability Lewel Premium

Read -

Recent Files

— X
Ansys
Scheduler Environment
-
Dimension Solver Options

O a2p (0) Double Precision

® O
Parallel (Local Nachine)

Y
Solwver Processzes | v

Working Directory

C:%TzersiLenovo

Start Reset Cancel

Help -
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& Parallel Processing(3F4T 4 32)

FLUENT can readily be run across many processors in parallel. This will
greatly speed up the simulation time.

1) It is common for modern computers to have several processors, or ‘cores’ per

processor. Each one of these can be a “node(Fi)” for the FLUENT
simulation.

2)The mesh is automatically partitioned, and different blocks of the mesh are
assigned to the different compute nodes. The number of partitions is equal to or
less than the number of processors (or cores) available on our computer.

3)Alternatively a distributed parallel cluster(%%f) can be set up, and the
simulation can run across many machines simultaneously.
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Generally, as the number of compute nodes
increases, turnaround time( & ¥ B [B] ) for
solutions will decrease. However, beyond a
certain point, the vratio of network
communication to computation Increases,
leading to reduced parallel efficiency, so optimal
system sizing is important for simulations.

PoRA}

Cortex

Host

FLUENT
MPI

518
HEHRELELBE

file input/output Disk
fel

socket

I: 11: I: parallel data file

inputioutput

compute node 0

data: cell

compute node 1

data: esll

MP|

face node| ELUENT '_:' P

' FLUENT face node
0 mpl

'Y

Each compute node is virtually connected to every other
compute node, and relies on inter-process
communication to perform such functions as sending
and receiving arrays, and performing global operations

(such as summations over all cells).

Y

A

\

data: cell MP|

FLUENT |oq | gl FLUENT

- el MPL g, pal

face node

compute node 2

face node

compute node 3

Compute Nodes
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» The FLUENT Graphical User Interface (GUI,BZ 5 H) is arranged such that
the tasks are generally arranged from top to bottom in the project setup tree.

= D:Fluid Flow (FLUENT) FLUENT [3d, pbns, lam] [ANSYS CFD]

File M™esh Define Solve Adapt Surface Display Report Parallel wiew Help

B hd-me[Seaa e o-)

Problem Setup General

—
Models
Materials [ Scale... ] [ Check ] [Report Quality ]

Cell Zone Conditions

Boundary Conditions

Solver

Dynamic Mesh

T Velocity Formulation
Reference Values épperessureﬂased {*) Absolute
Solution () Density-Based ) Relative

Solution Methods

Solution Controls %nghaady
Monitors Z
Solution Initialization O Transient
Calculation Activities [ Gravity

Run Calculation

AP
Results

Graphics and Animations

Plots
Reports

Mesh
AMSYS FLUERMT 13.08

Done .

Preparing mesh for display...

Done.
Writing Settings file...
writing rp variables ... Done.
writing domain variables ... Done.
writing fluid (type fluid) (mixture) ... Done.
writing wall-fluid {type wall) {(mixture) ... Done.

writing interior—fluid {(type interior) {(mixture}) ... Done.
writing inlet-y (type wvelocity-inlet) (mixture) ... Done.
writing inlet-z (type velocity-inlet) {(mixture) ... Done.
writing outlet {(type pressure—outlet) {(mixture) ... Done.
writing zones map name—id ... Done
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- 3D pipe junction Parallel Fluent@jiwt [3d, pbns, sstkw, 2-processes]

File Domain Physics Jser—Definec Solution Results Parallel Design
Nesh Zones Interfaces Nesh Nodels
©) Display... Bl seale... & Conbine  ~ g Delete... [ sppend | Euesn 27| Dynanic Nesh. ..
(D) Tuto - : L Transtorn - | UjScparate + g Deactivate... Doy Replace Mesh...
[# Units... Checkeg Qality ¥ gake Polyhedra | o Adjacency... g Activats O Replace Zome... Cle zse
Outline View < | Task Page
Case View General
Nesh
Bl Warst [ scale. .. H Check ”Repurt Quality
- Setup [ - -
Display. .. [ Units. ..
@ General ‘ |
+ ﬁB+Mode\s e eT]
+ 8¢ Materials Type Yelocity Formulatio
+ [ cell Zone Conditions (®) Pressure-Based (®) Absolute
+ [ Boundary Conditions Density-Based ) Relative
ﬂ Mesh Interfaces
é,J—'l Dynamic Mesh Time
Reference Values (®) Steady
+ T/_’, Reference Frames Transient
fx Named Expressions
EE| Curvilinear Coordinate Systel
-~ Selution Gravity
% Methods
; Controls

Report Definitions
+ ‘& Monitors
@ Cell Registers
LR@ Automatic Mesh Adaption
.-:'n Initialization
+ # Calculation Activities
@ Run Calculation
- Results
. Surfaces
+ @ Graphics
+ L Plots
Dashboard
Animations

* Reports

Parameters & Customization
+ Simulation Reports

o

« I v

minimum volume (m3): 7.469246e-01

maximum volume (m3): 7.904124e+02

total volume (m3): 4.422251le+07

Face arsa statistics:

minimum face arsa (m2): 2.080283e2-01

maximum face arsa (m2): 1.4355852+02
CheCking MESH. . .u.erunstneenranasanennesnenneanns
Done.

=/ Mixing Flanes...

M Gap Model...

Turbomachinery Adapt WWW.ansys.com
Turbo Hodels &5 Turbo Vorkelow « | TaMenual... T dutomatic...
pd Surface
Turbo Create. .. @& Turbo Topology... % Controls... JA Mamage...
Spectral Content Periciie Trtenmtig oo -
Eesh x

|=
f [ ]
o5
e
0 sgelected all -
<

<l
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¢ Text User Interface
Most GUI commands have a corresponding TUI command.

1) Press the Enter key to display the command set at the current level.
2) Some advanced commands are only available through the TUI.
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The TUI offers many valuable benefits:

1) Journal files can be constructed to automate repetitive tasks(E z{LEEAE
Z). A journal file is a text file which contains TUI commands which FLUENT

will execute sequentially(F&JIiFH4T).

2) FLUENT can be run in batch mode(#tAb# ), with TUI journal scripts
set to automate the loading/modification/solver execution and post processing.

==

TUI
Window

C

e

Bl
fsolue>
animate/ iterate sety
eeeee te—commands/ monitors/
. patch
fsolue> q
> define
Sdefine>

cCess materialsy profilesy

boundary-conditionss/ mesh-interfacesy/ solution-strategys
custom—field-functions/ mixing-planes/ turbos
dynamic-mesh/ models s units
enable-mesh—-morpher—optimizer? operating-conditionsy  user- defined/
injections/ parame terss
Fdefine>

e
< >
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(1). The menu system structure is similar to the directory tree structure of Linux
operating systems. When we first start ANSYS FLUENT, we are in the “root”
menu.

(2)To generate a listing of the submenus and commands in the current menu,
simply press Enter.

><Enter>
adapt/file/report/define/mesh/solve/display/parallel/surface/exit/plot/

(3)By convention, submenu names end with a “/” to differentiate them from
menu commands. To execute a command, just type its name (or an
abbreviation). Similarly, to move down into a submenu, enter its name or an
abbreviation. When we move into the submenu, the prompt will change to reflect
the current menu name.

71/253



HAAFE TR
KEHRTLERE

» Examples of abbreviations of the commands:
—rcd: Reads case and data files
—wcd: Writes case and data files

: Read case file

rc example.cas.gz

. Initialize the solution
/solve/initialize/initialize-flow
: Calculate 50 iterations

it 50

Sample Journal File |; Write data file

wd example50.dat.gz

: Calculate another 50 iterations
it 50

: Write another data file

wd examplel00.dat.gz

: Exit FLUENT

exit

721253



« FLUENT 2023 GUI Navigation

Selecting the basic items in the tree opens the relevant inputs

in the center pane.

® Q@O

General

Models

Materials

Boundary Conditions
Solution

Initialization and Calculation
Results

Post-processing

Setup
@ General
+ @ Models
* &; Materials
+ D Cell Zone Conditions
E D Boundary Conditions
ﬂ Mesh Interfaces
_] Dynamic Mesh
El Reference Values
+ T_, Reference Frames
+ f Named Expressions
Solution
2., Methods
Controls
+ @ Report Definitions
+) ‘@ Monitors
@ Cell Registers
E‘ 1 Automatic Mesh Adaption
*':‘; Initialization
+ ® Calculation Activities

@ Run Calculation
Results

0 Surfaces
+) & Graphics

+ |_ Plots

3N scene
+ Animations
J Reports

Parameters & Customization
Simulation Reports
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1). Setup: BIRLIEIGE

General: —f%iEE. WMisgkEFEL ESHBE) |
KRBJ[AB (EHEDIBER)F
Models: EEYIERE., WNiKHREE, ZHRERE

Materials: BB, REYHESH
Cell Zone Conditions: & EiEiEHEM
Boundary Conditions: i&EiBR&EH

Dynamic Mesh: & RIME
Reference Values: i B&¥E

rij__l CFD-NHT-EHT
[] ceENTER

E expansion Fluent@jiwt [2d, g

File BMesh Define Solve A

=R hac k)

—

—

|

EI--@ Setup

----- 5 General

)

- & Materials

- Cell Zone Conditions
-J& Boundary Conditions

----- E Dynamic Mesh
----- #® Reference Values

ey O oy O O e |

-5 Solution

----- 2 Solution Methods

----- & Solution Controls
#-[=] Monitors

B . Solution Initialization
-5l Calculation Activities
----- -.j Rumn Calculation

—Il@ Results

#-%% Graphics
-ET] Animations
-7 Plots
-gj> Reports

-5 Parameters & Custom
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2) SOIUtlon: *ﬁg%ﬁiﬁ% E expansion Fluent@jiwt [Ed,cl
File Mesh Define Solve A

» Solution Methods: KMBEERE, WMEE. BREZER o - g-w 0
» Solution Controls: REEFISHLE, WMEMBETRE @ sewr

. Monitors: JHSEIGE b

-3 Cell Zone Conditions

o Report DeflnltlonS: E)‘(ﬂ'ﬁﬁ*iq:' mmﬂjjﬁ% #-J£ Boundary Conditions

----- E Dynamic Mesh

* Report Files: FIHEX IR ELH e Roterence Vaues

----- > Solution Methods

. Report PIOtS: E)‘(ﬁ%ﬂgiﬁ]ﬂjﬁzﬁ ----- #. Solution Controls
§|--- Monitors

-8, Solution Initialization

* SOIUtlon |n|t|allzat|0n: mﬁﬁ{‘t -5 Calculation Activities

----- '.; Run Calculation

e Calculation Activities: EMRBHEESE, MEHIIRE @ Results

'::} Graphics

A ﬁ]@*ﬁjﬂj% =-FT] Animations

@5 Plots

e Run Calculation: FFi&it+E & Reports

(51, CFD-NHT-EHT -8 Parameters & Custom

[] ceENTER
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File Mesh Define Solve A

F ~ il ~ =0 @
» Graphics: BRHEMEWLE, MEE, KEBE, | - @ sewe

+---@0

Lk EH o8 e
E
E

3). Result: itHIGIER

-0 Cell Zone Conditions
- JI& Boundary Conditions

b AnlmatIOnSI EZT(EJEI & Dynamic Mesh

----- Q Reference Values

 Plots: EZTT%W% —-§E Solution

----- % Solution Methods

_— e e & Solution Controls
» Reports: BRBRE -] Monitors
-8 . Solution Initialization
+-E Calculation Activities
----- ‘.j Run Calculation
—Ilfa Results
#-49 Graphics
- E Animations
-5 Plots
H-gj> Reports

@:Ig::;::'r-eu'r Eﬂ'"il Parameters & Customi

—

—

4). Parameters & Customizations: SR BENXFIFER




&) LAY

&/ XIAN JIAOTONG UNIVERSITY

HAAFE TR
KEHRTLERE

1. General setting

- 3D pipe junction Parallel Fluent@jiwt [3d, pbns, sstkw, 2-processes]

Domain Phy=sics Jzser—-Definec Solution Results Yiew Farallel
Hesh Zones Inter
Dizplay... e E Scale... @ Combine - EET Delete... |__+| Append - @ Nesl
@ Info - é-) c':, Transform - D£ Separate - EEl_ Deactivate... EEIHia Feplace Mesh...
E|f Tnits... Check Quality v NMake Polwhedra 033' Adjacency. .. EE|+ Activate... = Feplace Zone... @ Ovel
Qutline View < Task Parge <
Caze View General @'
Hesh [
Filter Text [ Scale... |[ Check ”Repor‘t Quality
-f Setup - [ : [ 3
Dizplay... Onits...
General I i | |
I Solver |
. Multiphase (Off) Type Yelocity Formulation
@ Energy (Off) ®) Pressure-Baszed ®) Absolute P
_ Viscous (SST k-omega) Denzity—Based Relative
™ Radiation (Off) ~
,ﬁ:: Heat Exchanger (Off) Time
LI, Species (OFff) o) Steady
+ - Discrete Phase (Off) Transient (
J&; Solidification & Melting (Off)
pl Acoustics (OFf) i
Grawvity

1 AL Ctrietire (OFF)
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Mesh files can be created with the mesh generators (ICEM, Fluent meshing
and TGrid), or by several third-party CAD packages. The mesh file contains
the coordinates of all the nodes, connectivity information that tells how the
nodes are connected to one another to form faces and cells, and the zone types
and numbers of all the faces.

File —> Read —> Mesh...

The mesh file does not contain any information on boundary conditions or flow
parameters.

r_FI_I CFD-NHT-EHT 781253
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@ Mesh Check Report

Mesh Check

Domain Extents:

x—coordinate: min (m) = —4.000000e—002, max (m) = 2.550000e—-001
y—coordinate: min (m) = 0.000000e+000, max (m) = 2.500000=—-002
Volume statistics:
minimum volume ((m3): 2.463287=—009
maximum wvolume (m3) : 4.508038e—007
total volume (m3): 4.190433e—004

minimum 2d volume (m3) : 3.00058%e=e—-007
maximum 2Z2d volume ((m3): 3.019523e—006
Face area statistics:

minimum face area (m2): 4.199967=—-004

maximum face area (m2): 2.434403=e—003
Checking mesh. .. ... ¢ nenenna
Done .

extents include the minimum and maximum X, y, and z coordinates in meters.

O The mesh check report begins by listing the domain extents. The domain
©)

It also display warnings based on the results of the checks previously
described.
r_FI_I CFD-NHT-EHT 79/253
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® Then the volume statistics are provided, including the minimum,
maximum, and total cell volume in m3. A negative value for the
minimum volume indicates that one or more cells have improper
connectivity. Cells with a negative volume(#i4&%:) can often be
identified using the Iso-Value Adaption dialog box to mark them for
adaption and view them in the graphics window.

@ Next, the mesh report lists the face area statistics, including the
minimum and maximum areas in m2. A value of 0 for the minimum
face area indicates that one or more cells have degenerated. As with
negative volume cells, such faces must be eliminated. It is also
recommended to correct cells that have non-zero face areas, If the

values are very small.
r{j__l CFD-NHT-EHT 80/253
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€ Scaling the Mesh and Selecting Units

"4 Scale Mesh

Domain Extents Scaling
rnin {mm) | —29.49923 ‘ %mas {rmm) I 50.53 r () Convert Units
() Specify Scaling Fackors

Ymin {mm} | _31.99079 ‘ ¥max {mm} | 31.99971 Mesh Was Created In

Zmin {mm) |5

YWiew Length Unit In
i

Zmax {mm}) |25.9??2

=
|
[

[ Scale ][ Unscale J

 When FLUENT reads a mesh file(.msh), all dimensions are assumed to be in
units of meters.

@ If our model was not built in meters, then it must be scaled.
@ Always verify that the domain extents are correct.
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Any “mixed” units system can be used if desired.

O By default, FLUENT uses the international system of units (Sl).
@ Any units can be specified in the Set Units panel, accessed from the top menu.

Quantities

specific-heak
surface-density
surface-tension
Eemperature-inverse

thermal-conduckivity
thermal-resiskivity

Eirne

skefan-boltzrmann-constank

suurface-te nsinn-iradient

temperature-difference Factor ‘l 1

thermophoretic-difFusiwviky

Offset u 273.15

w

[New...] [ List ] [Clc-se] [Help ]

Set all ko

i

british

cgs
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Information related to the ANSYS FLUENT simulation is stored in both the case file and
the data file.

Case files contain the mesh, boundary and cell zone conditions, and solution
parameters for a problem. It also contains the information about the user

Interface and graphics environment.

Data files contain the values of the specified flow field quantities in each mesh
element and the convergence history (residuals) for that flow field.

File —> Read/Write —> case/data...
We can read a case file and a data file together:

File —> Read/Write —> case&data...
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2. Setup the Models

expansion Fluent@jiwt [2d, dp, pbns, ske]

File

Mesh

Define Solve Adapt

Surface Display Report Parallel

View Help

B s -H-EeSEEQ sie i NE-O-ise - - -

|

Multphase (Off)

Energy {COn)

Viscous {Standard k-e, Standard Wall F
Radiation {Off)

Heat Exchanger (Off)

Species (Off)

Discrete Phase (Off)

Solidification & Melting {(OfF)

Acoustics (OfF)

-y Materials

-0 Cell Fone Conditions

L@ sur-1 (fuid)

L sur-2 (fuid)
- J¥ Boundary Conditions
! Dynamic Mesh

----- 4F Reference Values

Models

Models

Multiphase - Off

Energy - On

Viscous - Standard k-=, Standard Wall Fr
Radiation - Off

Heat Exchanger - Off

Spedes - Off

Discrete Phase - Off

Solidification & Melting - Off

Acoustics - OfF
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0 Turbulence Models Available In FLUENT(Chapter 9)

&L

- Viscous Model

|

1 RNG
' Realizable

Model

1 Inwviscid
| Laminar
1 Spalart-allmaras (1 egn)

k-epsilon {2 egn)

I k-omega {2 egn)

I Transition kdd-omega {3 eqgn)

I Transition 55T (4 egn)

I Reynolds Stress (5 eqn)

| Scale-Adaptve Simulation (SAS)
| Detached Eddy Simulation (DES)

k-epsilon Model

Standard

CFD-NHT-EHT
CENTER

Model Constants

Cmiu

0.09

C 1-Epsilon

m

1.9%

C2-Epsilon

1.92

TEE Prandd Mumber

1

User-Defined Functions

Turkm ilent Visrnsite
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It should be noted that no single turbulence model is universally accepted as
being superior for all classes of problems. The choice of turbulence model will
depend on considerations such as the physics of the flow, the established
practice for a specific class of problem, the level of accuracy required, the
available computational resources, and the amount of time available for the
simulation. To_make the most appropriate choice of model for our application,
we need to understand the capabilities and limitations of the various options.

Compared to laminar flows, simulations of turbulent flows are more
challenging in many ways. Since the equations for mean quantities and the
turbulent quantities are strongly coupled in a highly non-linear fashion, it takes
more computational effort to obtain a converged turbulent solution than to

obtain a converged laminar solution.
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RANS based
models

Chapter 9

|-_F|_| CFD-NHT-EHT
[] ceENTER

One Equation Model
Spalart-Allmaras

Two Equation Model
Standard k—¢
RNG k—&
Realizable k—¢
Standard k—w
SST k—w

Increase in
Computational
Cost

Two More Equation Models
Reynolds Stress Model
k—kl—-w Transition Model

SST Transition Model

Per Iteration

Detached Eddy Simulation
Large Eddy Simulation

N

87/253



HoAME L TR =
HEHREEEBRE A

When the ANSYS FLUENT model includes heat transfer we will
need to activate the relevant physical models, supply thermal
boundary conditions, and input material properties (which may vary
with temperature) that govern heat transfer.

Physical models involving conduction and/or convection only are
the simplest. While buoyancy-driven flow or natural convection, and
flow involving radiation are more complex. Depending on our
problem, ANSYS FLUENT will solve a variation of the energy
equation that takes into account the heat transfer methods we have
specified.

|-{j_l_|:| CFD-NHT-EHT 88/253
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To activate the calculation of heat transfer, enable the Energy Equation
option in the Energy dialog box

Models™ Energy — — Edit...

g 2 D expansion Fluent@jiwi-PC [2d, pbns, lam]
File Mesh Define

Solve Adapt Surface Display Report Parallel

v e v =0 @ (Flaa® » @ " ng~ 0~

View Help

- - - -
& Energy
El@ Setup Models
- E General
EIE Models EI'IE!I"Q':."
Materials Multiphase - Off
F-EP Cell Zone Conditions Energy — Off
: -— . Wiscous - Laminar -
-3 Boundary Conditions Modaton O Energy Equation
-8 Dynamic Mesh Heat Exchanger - OFF
‘4l Reference Values Species - Off
< Discrete Phase - Off
= . SDI;.ItII{.‘-tn Method Solidification & Meltng - Off
- clution Methods Acoustics - Off
------ - Solution Controls
H Monitors

t-n SOlution Initialization

I ] | |Cance|] | Help
-|‘?1| Calculation Activities

.; Run Calculation
= @ Results

%8 Graphics
+-EL] Animations

=-[= Plots -
-gj> Reports
E....

-l Parameters & Customization
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When we are solving the energy equation, we need to define thermal boundary
conditions at wall boundaries. Five types of thermal conditions are available:

 Fixed heat flux

 Fixed temperature

e Convective heat transfer

» External radiation heat transfer

At flow inlets and exits we can set the temperature of fluid.

The default thermal boundary condition at inlets is a specified temperature
of 300 K; At walls the default condition is zero heat flux (adiabatic).
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3. Material Properties

1) Material properties need to be defined for all fluids and solids to be
simulated.

2) The parameters depend on the models selected for the simulation.

3) Many common materials are already defined in the ‘FLUENT Database’
and can easily be copied to the model.

Note that these values may be either:

(O Constants

@ Functions of temperature

® Other built in functions following common relationships
@ Defined by the user in a UDF.
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Na-me e — Dr?er Materials by
|a|r [ﬂuid ,.,.] @ Mame
hermical | ) Chemical Formula
themical Formula Fluent Fluid Materials
| [ - ] Fluent Database... )
air -
Mixkure
none
Propertes
e
Density (kg/fm3) [constant > | Edit... B
|1.125
Viscosity (kgfm-s) [mnsmnt -] Edit...
|1.?EEI4E—CIE
[Changeﬂ:reate ] [ Delete ] [ Close ] [ Help ]
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@ Density and/or molecular weights
@ Viscosity

Heat capacity

Thermal conductivity
User-defined scalar diffusivity
Mass diffusion coefficients
Standard state enthalpies

®QeO®®

Kinetic theory parameters

r_FII_I:I CFD—N:T—EHT 93/253

EEEEE



EZS P2

/ XIAN JIAQTONG UNIVERSITY

RAMFL IR 2
#FREsEn: L&

4.Cell Zone Conditions

expansion Fluent@jiwt [2d, dp, pbns, ske]

File Mesh Define Solve Adapt Surface Display Report Parallel View Help
B -d-wesEaas|armm-o-jio-m-w-|
El-wﬁ, Setup Cell Zone Conditions
----- H General

+-AY Models

F- iy Materials

G-
#-J* Boundary Conditions
! Dynamic Mesh

----- ## Reference Values
=-§E Solution

----- 25 Solution Methods

----- 2. Solution Controls
~[E] Monitors

""]t.=I:I Solution Initialization
-5 Calculation Activities
----- =# Run Calculation

@ Results

. ‘:.:I Graphics

. L Animations
.
-
-

%1
[}

m
1

1= plots
&> Reports
Parameters & Customization

Zone

lsgr.x ... ]
sur-2

Phase Type ID

mixture [ﬂuid v] |11

[ Edit... ] [ Copy... ][Praﬁles... ]

[ Parameters... ] [Clperating Conditions... ]

Porous Formulation
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& Operating Conditions(¥4E/i24T L)

@ The Operating Pressure with a Reference Pressure Location sets the
reference value that is used in computing gauge pressures.

@ The Operating Temperature sets the reference temperature (used when
computing buoyancy forces).

o Specified Operating Density sets the reference value for flows

with widely varying density.
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Problem Setup Boundary Conditions
General Zorie
Models
% Operating Conditions [Y] ‘
d Pressure Graviby |
Operating Pressure {pascal) [¢] Gravity ‘
' | 101325 Gravitational Acceleration
i Reference Pressure Location X (mfs2) | 0 ‘
So
: *0m o ¥ (mfs2] | -9.51 |
¥ (in) | 0 Z (mjs2) | 0 i
|
Z {in)
— | o Boussinesqg Paramekters ‘
C Operating Temperature (k)
288.16
s II |
Yariable-Density Parameters
Specified Operating Densikty
Operating Density (kafm3)
|| 1.225
E 1
[ Ok ] [Cancel] [ Help ]
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€ Defining Cell Zones and Boundary Conditions
To properly define any NHT problem, we must define:

1) Cell zones
(@ These relate to the middle of the grid cells
@ Typically this always involves setting up which material (fluid) is in that cell

® Other values (heat sources, etc.)

2) Boundary conditions
MWhere fluid enters or leaves the domain, the conditions must be set

(velocity/pressure/temperature)
@O0ther boundaries also need declaring, like walls (smooth/rough, heat

transfer?)
®There may also be symmetry, periodic or axis boundaries.

3) The data required at a boundary depends upon the boundary condition type
and the physical models employed. 971953
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€ Cell Zones - Fluid

@® Afluid cell zone is a group of cells for which all active equations

are solved.
(2 The material in the cell zone must be declared.

e Optional inputs

Moving zones
Porous region
Source terms

Fixed Values

® ® e 6
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2 Fluid gj
Zone Mame

|block1

Material Name [ 5ir v | [Edit... |

[]Frame Motion [_]Source Terms
[IMesh Motion [ Fixed Values
[] Porous Zone

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

Rotation-Axis Origin Botatim—A:ds Direction
X (m) |0 | ‘cunstant w | X |0 | constant ~ |
Y (m) ID— I-corstant - v| Y ll:r— é_ﬁonstant > |
Z (m) | ) | ‘mm‘-tant v | - | 1 | constant v |

[ OK ] [Cancel] [Help]
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& Cell Zones - Porous Media

e Some fluid regions are obviously porous and impossible to
resolve exactly in a mesh:
— Packed beds, metal foam

The porous media model incorporates an empirically determined flow resistance
In a region of our model defined as “porous”. In essence, the porous media model

adds a momentum sink in the governing momentum equations.
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€ Cell Zones - Solid
1) A solid zone is a group of cells for which only the energy equation is solved.

2) Only required input is the material name (defined in the Materials panel).

3) Optional inputs allow us to set volumetric heat generation rate(heat
source).

4) Need to specify rotation axis if rotationally periodic boundaries adjacent to
solid zone.

5) Can define motion for a solid zone

101/253



F4ZANE

$¢/ XIAN JIAQTONG UNIVERSITY

HAAFE TR
KEHRTLERE

Zone Name

|| block 1

Material Name |-1-‘::lu11inu11

2 B

[CJFrame Motion
[ Mesh Motion

Reference Frame I Mesh Motion ] Source Terms I Fixed Values ]

X (m)
¥ (m)

Z (m)

Fotation-Axis Origin

Rotation-Axis Direction

| 0 _cnnstant N | X | Qo _constant N |
O constant __\:_I Yo constant | \:I
.consiant

V] " Z1[ .consiant Vl "

[ ok | [cancel] [ Help |
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® The data required at a boundary depends upon the boundary
condition type and the physical models employed.

@ Be aware of the information that is required of the boundary
condition, and locate the boundaries where the information on
the flow variables are known or can be reasonably
approximated
e Poorly defined boundary conditions can have a significant

Impact on the solution

r_FII_I:I CFD-NHT-EHT 103/253
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5. Boundary Conditions

E expansion Fluent@jiwt [2d, dp, pbns, ske]

File Mesh Define Solwve Adapt Surface

Display Report Parallel WView Help

B r-rd-mEe|SEFaassearnn-m-|io- - @ -

- BS
-y Materials
F-- P Cell Zone Conditions
0P
! Dynamic Mesh
----- # Reference Values
=@z Solution
----- @3 Solution Methods
----- #. Solution Controls
-] Monitors
~% 5 Solution Initialization
&l Calculation Activities
----- =7 Run Calculation
E—JQ Results

+-59 Graphics

=-Ff] Animations

== Plots

ﬁ> Reports
-8 Parameters & Customization

[

Boundary Conditions

Zone

int_sur-1
int_sur-2
inter
inter-shadow
outet
wall-1

wall-2

Phase Type D

mixture [press:..lre—auﬂet - ] 15

| Edit...

[ Copy... ][Prcﬁles... ]
[Dperating Conditions... ]

]
[ Parameters... ]
»

[ Display Mesh Periodic Conditions...
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ecification Method Magnitude, Normal to Boundary »

;T g Telocity Magnitude [mfs]

||’;'|

It also allows for
direct editing of
boundary conditions
on the geometries

o)™ @[]

Al &~y

1 selected all
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Defining Boundary Conditions

O To define a problem that results in a unique solution, we must specify
Information on the dependent (flow) variables at the domain
boundaries
o Specifying fluxes of mass, momentum, energy, etc. into domain.

@ Defining boundary conditions involves:
* ldentifying the location of the boundaries (e.g. Inlets, walls,
symmetry)
o Supplying information at the boundaries

r_FII_I:I CFD-NHT-EHT 106/253
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It will typically observe better convergence.

2). Should not observe large gradients in direction normal to boundary.

Indicates incorrect set-up.

3). Minimize grid skewness near the boundary.
Otherwise it would introduce error early in calculation.

_ ——

|-’5__| CFD-NHT-EHT @ @ 107/253
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Boundary Conditions - Available Types
External Boundaries

1) General
* Pressure Inlet * Pressure Outlet

2) Incompressible
 Velocity Inlet » Qutflow

3) Compressible
* Mass Flow Inlet * Pressure Far Field

4) Other
eWall «Symmetry <Axis < Periodic
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e Internal Boundaries
— Fan

Ious media

— Interior .
. orifice
— Radiator

wall
— Wall _\

Cell (Continuum) zones
— Fluid
— Solid
— Porous media

plate-shadow
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€ Boundary Conditions — Changing the Types

e Zones and zone types are initially defined In the pre-

processing phase(eg.ICEM).

* To change the boundary condition type for a zone:

(O Choose the zone name in the Zone list.

@ Select the type we wish to change it to in the Type pull-
down list.
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Surface Display Report Parallel WView Help

B S Hd- @O SRR A @ A O

- -8B Models

- .;E, Materials

=P Cell Zone Conditions
B sur-1 (Auid)

L sur-2 (Auid)

B
- Dynamic Mesh

----- @ Reference Values
—I-f= Solution

----- 23 Solution Methods

----- =7 Solution Controls

- [=] Monitors

-8 Solution Initialization
-5l Caleulation Activities
----- =% Run Calculation
E—Zl@ Results

-5 Graphics

=-ET] Animations

- Plots

+-gj> Reports

=83 Parameters & Customization

+

m

(|

Boundary Conditions

Zaone

|ir1|et

int_sur-2
inter
inter-shadow
outet

weall-1

weall-2

Phase
mixture

Display Mesh...

C

porous-jump

E radiator

wall
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€ Boundary Conditions - Velocity Inlet

1) Velocity Specification Method
— Magnitude, Normal to Boundary
— Magnitude and Direction

2) Applies a uniform velocity profile at the boundary, unless UDF or profile is
used.

3) Velocity inlets are intended for use in incompressible flows and are not

recommended for compressible flows.

4) Velocity Magnitude input can be negative, implying that is the velocity in
the exit.

——3
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% Velocity Inlet

Zone Name

[ inlet_face

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

Velocity Specification Method | Magnitude, Normal to Boundary v |

Reference Frame |#.bsulube v |

Velocity Magnitude {(m/s) Il 5 |-::m15tar1t i |

Supersonic/Inital Gauge Pressure (pascal) | 0 ' |m-15tant + |
Turbulence

Spedfication Method | 1tensity and Length Scale w
Turbulent Intensity (%) ir 10
Turbulent Length Scale (m) |r 0.1

[ ok | [cancel] [ Help ]
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€ Boundary Conditions - Pressure Inlet

1) Pressure inlets are suitable for both compressible and incompressible flows.
— FLUENT calculates static pressure and velocity at inlet (Dynamic pressure)

2) Required inputs

Gauge Total Pressure
Supersonic/Initial Gauge Pressure
Inlet flow direction

Turbulence quantities( if applicable)

@ ® 660 6

Total temperature (heat transfer or compressible)

114/253



' ) 7 ){‘/{) )te\? FAAF —%lﬁi
' XIAN{JTONJIVERSITY ﬁﬁ%‘ ﬁ '5;-‘ %%i

“* Pressure Inlet

Zone Name
“ inlet_face I

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

Reference Frame I Absolute e l
Gauge Total Pressure (pascal) | 10000] |con5tant w ‘
Supersonic/Initial Gauge Pressure (pascal) | 0 | = w ‘
Direction Specification Method INormaI to Boundary 2 I
Turbulence
Specification Method Ilntensit'y and Length Scale - |
Turbulent Intensity (%) I 10
Turbulent Length Scale {m) | 0.1

[ Ok ] [Cancel] [Help ]

pV=<
Incompressible: Digtagl = Pstatic + T
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€ Boundary Conditions - Mass Flow Inlet

1) Mass flow inlets are intended for compressible flows; however,
they can be used for incompressible flows.
(O Total pressure adjusts to accommodate mass flow inputs.
2 More difficult to converge than pressure inlet.

2) Required information
@® Mass Flow Rate or Mass Flux
@ Supersonic/lInitial Gauge Pressure
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= Mass-Flow Inlet

Zone Name -
I inlet_face ‘

Momentum Thgrrna]j Radiaﬁc-nl Speciesl DPM I Wlﬁp*msel uDs ]

Reference Frame |.i-’d::isclube et |
Mass Flow Spedfication Method |Mass Flow Rate :|
Mass Flow Rate (kg/s) H 5 |ccnstant N J
Supersonic/Inital Gauge Pressure (pascal) || 0 |_constant *""_J
Direction Spedfication Method |Non'nai to Boundary - |
Turbulence
Specification Method |1nt.=_ﬂgitv and Length Scale o |
Turbulent Intensity (%) | 10 ‘
Turbulent Length Scale (m) | 0.1 ‘

[ OK ] [Cancei} [Heip ]
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€ Boundary Conditions - Pressure Outlet

1) Suitable for compressible and incompressible flows.

2) Required information
(O Gauge Pressure (static)-static pressure of the environment into which
the flow exits.
@ Backflow quantities~Used as inlet conditions when backflow occurs

(outlet acts like an inlet).
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* Pressure Outlet
Zone Name

“ : outlet_face ! |

Momentum | Thermal | Radiation | Species| pDPm | multiphase | ups |

Gauge Pressure (pascal) “ o ‘ |curtstant v

Backflow Direction Spedfication Method | pjormal to Boundary -

[ 1 radial Equilibrium Pressure Distribution
] Average Pressure Specification

[l Target Mass Flow Rate

Turbulence

¢

Spedcification Method inlntensity and Length Scale
Backflow Turbulent Intensity (%) [ 1o

Backflow Turbulent Length Scale (m) [ g 1

[ OK ] [Cancel] [Heh:u]
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€ Boundary Conditions - Periodic Boundaries

1) Used to reduce the overall mesh size.

2) Flow field and geometry must contain either rotational or translational
periodicity.
3) Rotational periodicity

* AP=0 across periodic planes.
e Axis of rotation must be defined in fluid zone.

4) Translational periodicity
AP can be finite across periodic planes.

5) Rotationally periodic planes
Models fully developed conditions.

Specify either mean AP per period or net mass flow rate.
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0 Boundary Conditions - Internal Faces

@ Defined on the cell faces only:
— Thickness of these internal faces is zero

— These internal faces provide means of introducing step changes in flow
properties.

@ Used to implement various physical models including:
— Fans

— Radiators

® Preferable over porous media for its better convergence behavior.
— Interior walls

@ The "interior" type of internal face zone does not require any input.
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€ Boundary Conditions - Outflow

@ No pressure or velocity information is required.
— Data at exit plane is extrapolated from interior.
— Mass balance correction is applied at boundary.

@ Flow exiting outflow boundary exhibits zero normal diffusive flux for all
flow variables.
— Appropriate where the exit flow is fully developed.

® The outflow boundary is intended for use with incompressible flows.
— Cannot be used with a pressure inlet boundary (must use velocity-inlet).
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@ Cannot be used for unsteady flows with variable density.

® Convergence rate is poor when backflow occurs during iterations.
Cannot be used If backflow Is expected in the final solution.

SRSy

T//,//T/h ‘*'h/”f/”/,«”/f/%
outflow o utflow o utflow
condition condition condition
in-posed not obeyed obeyed
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Air outlet

Symmetrical boundary
Fin surface
Coupling boundary

Tube wall
(constant temperature)

Symmetrical boundary

Alr inlet

Fin and tube heat exchanger simulation
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€ Wall Boundary Conditions
* Five thermal conditions

Heat Flux

Temperature

Convection-simulates an external convection environment which is not
modeled (user-prescribed heat transfer coefficient).

Radiation — simulates an external radiation environment which is not
modeled (user-prescribed external emissivity and radiation temperature).

@ ® 00O

Mixed- Combination of Convection and Radiation boundary conditions.

I—_I:_II_I:I g:::::‘r-eu'r 125/253
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| Fluid

hermal

hermal Conditions

{*) Heat Flux
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6. Solution Methods
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@ Select the solution parameters
— Choosing the Solver
— Discretization Schemes

@ Initialization

]- Rather important for simulation result

® Check the convergence behavior

* Monitoring Convergence Stability
« Setting Under-relaxation factor
o Setting Courant number

o Accelerating Convergence

@ Evaluation the accuracy of computation result
e Grid Independence

« Adaption
|-’5__| CFD-NHT-EHT 129/253
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Set the solution parameters

y

Initialize the solution

4

a

Enable the solution monitors of interest

4

Calculate a solution

v

Check for convergence

@

Modify solution
parameters or grid

Check for accuracy

—®o>

a

v
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The Solution Controls for Density-Based Explicit
Formulation

Courant number is a measure of how fast infor
mation traverses (u) a computational grid cell
(Ax) In a given time-step (Az).

® \When we select Explicit from the Formulation
drop-down list, in the Solution Methods task
page, ANSYS FLUENT will automatically set
the Courant Number to 1;

® \When we select Implicit from the Formulation
drop-down list, the Courant Number will be
changed to 5 automatically.
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Solver Settings
* By modifying the solver settings we can improve both:

@ The convergence rate of the simulation. (Chapter 6 >R @ B i 3h)
@ The accuracy of the computed result.(Chapter 5 ¥ ¥fi-3 85 & K B B
& 3K)

To Consider:

a. The choice of solver

b. Discretization schemes
c. Checking convergence

d. Assessing accurac
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0 Available Solvers
@D There are two kinds of solvers available in FLUENT:

— Pressure based
— Density based

@ The pressure-based solvers take momentum and pressure (or pressure
correction) as the primary variables(such as SIMPLE Algorithm)

® Two algorithms are available with the pressure-based solvers:

® Segregated solver— Solves for pressure correction and momentum
sequentially.(SIMPLE, SIMPLC, PISO)

® Coupled Solver (PBCS) - Solves pressure and momentum
simultaneously(COUPLED).

133/253



HAAFE TR
KEHRTLERE

@ Density-Based Coupled Solver

— Equations for continuity, momentum, energy and species (if required)
are solved in vector form.

— Pressure Is obtained through an equation of state.

— Additional scalar equations are solved in a segregated fashion.

» The Density-Based Coupled Solver can be run either explicit or implicit.
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€ Choosing a Solver

@ The pressure-based solver(PBS) is applicable for a wide range of flow
regimes from low speed incompressible flow to high-speed compressible
flow.

® Requires less memory (storage).
® Allows flexibility in the solution procedure.

® The pressure-based coupled solver(PBCS) is applicable for most single
phase flows, and yields superior performance to the standard pressure-
based solver.
®Requires 1.5-2 times more memory than the segregated solver.

- g::;::T—EHT 136/253
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@ The density-based coupled solver (DBCS) is applicable when there is a
strong coupling, or interdependence, between density, energy,
momentum, and/or species.

Examples: High speed compressible flow with combustion, hypersonic flows,
shock interactions.

e The implicit option is generally preferred over explicit since it has a very
strict limit on time step size

e The explicit approach is used for cases where the characteristic time scale
of the flow is on the same order as the acoustic time scale. (e.g.
propagation of high-Ma shock waves).

Note: the pressure-based solvers are implicit
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@ Interpolation schemes for convection term(Chapter 5: B &% =):
(O First-Order Upwind—Easiest to converge, only first-order accuracy.

@ Power Law — More accurate than first-order for flows when Re_,, <5 (typ.
low Re flows)

@ Second-Order Upwind —2nd order accuracy, essential with tri/tet mesh or
when flow is not aligned with grid; convergence may be slower.

@ Monotone Upstream-Centered Schemes for Conservation Laws (MUSCL) —
Locally 39 order convection discretization scheme for unstructured meshes;
more accurate in predicting secondary flows, vortices, forces, etc.

® Quadratic Upwind Interpolation (QUICK)-Applies to quad/hex and hybrid
meshes, useful for rotating/swirling flows, 3rd-order accurate on uniform
mesh.
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« Higher order schemes will be more accurate. They will also be less stable
and will increase computational time.

e It Is recommended to always start calculations with first order upwind and
after 100 iterations or so to switch over to second order upwind. This
provides a good combination of stability and accuracy.

« The central differencing scheme should only be used for transient
calculations involving the large eddy simulation (LES) turbulence models in
combination with grids that are fine enough that the Peclet number is always
less than one.

It iIs recommended to only use the power law or QUICK schemes If it iIs
known that those are somehow especially suitable for the particular problem
being studied.
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@ Gradients of solution variables are required in order to evaluate diffusive
fluxes, velocity derivatives, and for higher-order discretization schemes.

@ The gradients of solution variables at cell centers can be determined
using three approaches:

* Green-Gauss Cell-Based— Least computationally intensive. Solution may
have false diffusion.

e Green-Gauss Node-Based—More accurate/computationally intensive;
minimizes false diffusion; recommended for unstructured meshes.

e Least-Squares Cell-Based-Default method; has the same accuracy and
properties as Node-based Gradients and is less computationally intensive.

CFD-NHT-EHT
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Interpolation Methods for Pressure
Interpolation schemes for calculating cell-face pressures when using the pressure-

based solver in FLUENT are available as follows:

(D Standard: The default scheme; reduced accuracy for flows exhibiting large
surface-normal pressure gradients near boundaries

2 PRESTO!: Use for highly swirling flows, flows involving steep pressure
gradients, or in strongly curved domains

3 Linear: Use when other options result in convergence difficulties or
unphysical behavior

@) Second-Order: Use for compressible flows; not to be used with porous
media, jump, fans, etc. or VOF/Mixture multiphase models
®

Body Force Weighted: Use when body forces are large, e.g., high Ra natural

convection or highly swirling flows.
|—_I:_|I_|:|(:FD-NHT-EHT g y g 142/253
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@ Pressure-Velocity Coupling
Pressure-velocity coupling refers to the numerical algorithm which uses a

combination of continuity and momentum equations to derive an equation for
pressure (or pressure correction) when using the pressure-based solver.

Five algorithms are available in FLUENT.
@ Semi-Implicit Method for Pressure-Linked Equations (SIMPLE)
The default scheme, robust

@ SIMPLE-Consistent (SIMPLEC)
Allows faster convergence for simple problems (e.g., laminar flows with no
physical models employed).
® Pressure-Implicit with Splitting of Operators (P1SO)
Useful for unsteady flow problems or for meshes containing cells with higher
than. average skewness. 143/253
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0 Enabling the Transient Solver(FEFaZS 4] BR)

» To enable the transient solver, select the Transient button on the General

problem setup form:
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@ Before performing iterations, we will need to set some additional controls.
® Solver settings
® Animations
® Data export/Autosave options

@ Selecting the Transient Time Step Size

Time step size, A4t, is set in the Run Calculation form.
* At must be small enough to resolve time-dependent features; [gEUCE I

convergence is reached within the number of Max Iterations per Time Step

« The order or magnitude of an appropriate time step size can be
estimated as:
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At Typical cell size
" Characteristic flow velocity

Time step size estimate can also be chosen so that the transient
characteristics of the flow can be resolved (e.g. flow within a
known period of fluctuations)

(O A good way to judge the choice of At is to observe the number of
iterations. FLUENT needs to converge at each time step. The ideal number
of iterations per time step is 5-10. If FLUENT needs substantially more, the
time step is too large. If FLUENT needs only a few iterations per time step,
It should be increased.
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@ It is often wise to choose a conservatively small for the first
5-10 time steps. Then gradually increased it as the
calculation proceeds.

® To iterate without advancing in time, specify zero time
steps. This will instruct the solver to converge the current

time step only:.

@ The PISO scheme may aid in accelerating convergence for
many transient flows form.

- CFD-NHT-EHT 148/253
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This approach is very useful in creating high-quality animations
of CFD results.

® A command is defined which generates an animation frame (contour
plot, vector plot, etc.) and then writes that frame to a hard copy file.

® Third-party software can then be used to link the hard copy files into
an animation file(AVI, MPG, GIF, etc.)

i Execute Commands

Defined Commands [=]
A (]

Active Mame Every When Comman: d

aaaaaa d-1 | 1 | t:ﬁ Time Step ~ ‘ display contour velocity-magnitude 0 10
& ‘ command-2 | 1 %:‘]J Time Step > ‘ display hard-copy filename:t.jpg

| command-3 [1 {:f Time: Step v ‘m aaaaa 1

"-:nmmandl;i' ) 1 {:} Time Step s ‘ aiéﬁiay I-'nard-f-:opy"f'i-lenarne';’:-';t'"]:pg

|-_F|_| CFD-NHT-EHT
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4 Performing Iterations

@O The most common time advancement scheme is the iterative scheme.
* The solver converges the current time step and then advances time.
« Time is advanced when Max Iterations/Time Step is reached or
convergence criteria are satisfied.
» Time steps are converged sequentially until the Number of Time Steps
IS reached.

@ Solution initialization defines the initial condition and it must be realistic.
Sets both the initial mass of fluid in the domain and the initial state of the
flow field.

- g::;::T—EHT 151/253
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@ Residual plots for transient simulations are not always indicative of a

converged solution.
@ We should select the time step size such that the residuals reduce by

around three orders of magnitude within one time step.
This will ensure accurate resolution of transient behavior.

Residuals

——continuity
x-velocity
y-velocity

—2z-velocity
energy

epsilon

T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180
r{j__l CFD-NHT-EHT .
[] ceENTER lterations
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€ Tips for Success in Transient Flow Modeling

@ Use PISO scheme for Pressure-Velocity Coupling-this scheme provides faster
convergence for transient flows than the standard SIMPLE approach.

Select the time step size so that the solution converges three orders of
magnitude for each time step(convergence behavior is also problem-specific).

reduce the time step size than to do too many iterations per time step.

@
® Select the number of iterations per time step to be around 20 — it is better to
@

Remember that accurate initial conditions are just as important as boundary
conditions for transient problems-initial condition should always be physically
realistic!

® Configure any animations we wish to see before running the calculations.

|—_I:_|_I CFD-NHT-EHT 155/253
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€ Starting from a Previous Solution
» Convergence rates are dependent on how good the starting point is.

» Therefore if we already have a similar result from another simulation, we can
save time by interpolating that result into the new simulation.

* Then use the ‘Read and Interpolate’ option on the new model.
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Cell Zones E] E] E] P .
Interpolaty,.. bod Turbulent Kinetic Energy
L ady . .

FSI Mapping 3 p Velocity

W Velocty
Sawve Picture...  velocity
Drata File Quantities...
Batch Options...
Exit A

tb:: Vectors

== Pathlines

.= Partide Tracks Scaled 157/253

=% Graphics Binary File
B Mesh
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8.Run Calculation
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E expansion Fluent@jiwt [2d, dp, pbns, ske]

I File Mesh Define Scolve Adapt Surface Display Report Parallel View Help
B = - H- WO SR i@ AR~ -|is2- B~ @~

General

Models

Materials

Cell Zone Conditions
Boundary Conditions
Dymamic Mesh
Reference Values
=-@= Solution

..... %3 Solution Methods

----- &7 Solution Controls

- Monitors

-3 o Solution Initialization
-l Calculation Activities
----- P
=@ Results

-8 Graphics

=-FId Animations

=-]2 Plots

G-gj> Reports

#-Hk Parameters & Customization

xl.../<l...Ix1
-t
s

B30

(|

RPun Calculation

[ Chedk Case...

|

Preview Mesh Motion...

Mumber of Iterations Reporting Interval

|D (=] |1 [ ]
(=] (=]
FProfile Update Interval
|1 (]
(=]
-

[ Data File Quanttes.. Acoustc Signals. ..

—

[ Calculate
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€ Case Check

(D Case Check is a utility in FLUENT
which searches for common setup
errors and inconsistencies.

@ It provides guidance in selecting
case parameters and models.

® Contain recommendations which
the user can optionally apply or
ignore.

Problem Setup

General
Models
Materials

Cell Zone Conditions

Run Calculation

[ Check Case... ]

Mumber of Ikerations Reporting Interval

g I g

[=]

Boundary Conditions

Dynamic Mesh

Profile Update Interval
E &

Reference Values

Salution

[ Data File Quantities... |

Solution Methods

Solution Conkrols

Ml —= Case Check

Mesh

| Models | Boundaries and Cell Zones | Materials Solver

Automatic Implementation

Grap Apply Recomme ndation
Plat Assign LS cell-based gradient reconstruction.

{Solution Methods)

Manual Implementation

Recommendating,
sider using higher order discretization For improved accuracy of the Final solution. First or:
igcretization may be used in the initial solution.
{Sol ds)

[Apply] [Clnse] [ Help ]
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€ Convergence

 The solver should be given sufficient iterations so that the
problem is converged.

» At convergence, the following should be satisfied:

® The solution no longer changes with subsequent iterations.

@ Overall mass, momentum, energy, and scalar balances are
achieved.

® All equations (momentum, energy, etc.) are obeyed in all
cells to a specified tolerance.

- g::;l::T—EHT 160/253
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9. Monitoring

expansion Fluent@jiwt [2d, dp, pbns, ske]

File Mesh Define Solve

Adapt Surface

Display Report Parallel

WView Help

Blls-d-me|iSEaa s sli®@inm-m-lire- B~ @ -

Elﬁ Setup

- E General

~HAF Models

-k Materials

~@ Cell Zone Conditions
-JI¥ Boundary Conditions
H Dynamic Mesh

4P Reference Values
IZ—:I-- Solution

-~ Solution Methods

< Solution Controls
-B_, Solution Initialization
-5 Calculation Activities
=7 Run Calculation

d Results

-5 Graphics

- Animations

- Plots

F-gj> Reports

Monitors

Residuals, Statistic and Force Monitors

| Statistic - Off

-
Residual Monitors

&8s Parameters & Customization|

1: Scaled Residuals

Optons Equations
Print o Con=ole Fesidual Monitor Check Convergence Absolute Criteria -
Plot continuity 0.001
Window = IW 0.001
1 = [Curves...][ Axes, .. ] —_—
Iterations to Plot |?_VE|Odt¥ o.001
1000 % energy 1e-06
a
Residual vValues Convergence Criterion
Iterations to Store Mormalize Iterations [absolute v]
1000 (=] = =]
= =
Scale
Compute Local Scale
[ (a]4 ] [ Plot ] [R.enormal.lze ] [ Cancel ] [ Help ]
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» Monitoring convergence using residual history:

O Generally, a decrease in residuals by three orders of magnitude
Indicates at least qualitative convergence. At this point, the major
flow features should be established.

2 Scaled energy residual should decrease to 10 (for the Pressure-
based solver).

® Scaled species residual may need to decrease to 10° to achieve
species balance.
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Problemn Setup Monitors

qe+01 — r(\;qe;ETal Residuals, Statistic and Force Monitors

— odels : .

i Residuals - Prink, Plot

e ——cantinuity

3 - ——velocity -

-I" All eq uations v-velocity Cell Zone CDI’idIFIFIﬁS

o ——zvelocity Boundary Conditions
Teo converged.
energy o J
— K yharmic Mesh

1e-02 epsilon Reference Yalues

Solukion
Solution Methods
Solution Controls

mor ikor-1 - Mass-Weighted &verage, Static Tempera

1 0-3 5=

1e-04 Solution Initislization
= Residual Monitors §
1e-05 —
Options Equations
Print to Console Residual Monitor Check Conwvergence Absolute Criteria ] -~
1 0 -6 [l Plot continuity 1e-05
- indow
- x-welocity 0,001
1 [] |
., ., ., ., . = - [+] | Curves... || Axes... =—
o 50 100 150 200 250 =00 350 IS0 T _ :
| 1000 |[_] z-welocity 0,001 =
Ite ratl ons Residual values Convergence Criterion
Iterations to Store [ Inormalize |d:vsolute ~|
1000 [
[S] "— .
Scale
[ oK ] [ Plet ] [renormalize | [ cancel | [ Help |

* Residual plots show when the residual values have reached the specified tolerance.
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€ Convergence Monitors — Forces and Surfaces

If there is a particular value we are interested in (lift coefficient, average
surface temperature etc.), it is useful to plot how that value is converging.

& Surface Monitor @

Mare Report Type
" rnonikbor-1 Mass-Weighted Average -~
Options Field Yariable
Temperature. .. e
[ 1Print ko Console :
Plot Static Temperature ~

Window [] Surfaces aog

2 (1 [curves... ][ axes... | default-interior _
Dressure-outlet-7
‘Wrike syrnmekry
wvelocity-inlet-5
wvelocity-inlet-6
‘ vaall

z=0_outlet

File Mafie

“ monitor-1.ouk

X Axis
Iteration v|

Get Data Every

|3 E } Iteration

|-’5__| CFD-NHT-EHT
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Checking Overall Flux Conservation

HAAFE TR
KEHRTLERE

« Another important metric to assess whether the model is converged is to check
the overall heat and mass balance.

« The net flux imbalance (shown in the GUI as Net Results) should be less than
1% of the smallest flux through the domain boundary.

Problem Setup
General
Models
Materials

Cell Zone Conditions
Boundary Conditions

Dvnamic Mesh

Reference Values
Solution

Solution Methods

Solution Contrals

Monitors

Solution Initialization

Calculation Activities

Fun Calculation
Results

Graphics and Animations

Plots

Reports

Reports
Forces
Projected Areas
Surface Inkegrals
Yolume Integrals
Discrete Phase:
Sample
Hiskogram
Sumrary - Unavailable
Heat Exchanger - Unawailable

[Set Up... ] [Parameters... ]

| Help |

‘& Flux Reports @

Opkions Boundaries

[E) =] Results

() Mass Flow Rate
() Total Heat Transfer Rate
() Radiation Heat Transfer Rate

default-interior

velocity-inlet-5
velociby-inlek-6
EBoundary Tvpes
axis
exhausk-Fan
Fan

inlet-went B

Boundary Mame Pattern

-1,9195043

1.6175208
0.3015066656

Match ]

[

[Save Output Parameter... ]

rMet Results (kgfs)
| -0.0001768172

Writ.,...] (Cose ] [ ven ]
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€ Tightening the Convergence Tolerance

e If solution monitors indicate that the solution is converged, but the
solution is still changing or has a large mass/heat imbalance, this
clearly indicates the solution is not yet converged.

* In this case, we need to:

— Reduce values of Convergence Criterion or disable Check
Convergence in the Residual Monitors panel.

— Continue iterations until the solution converges.

r_FI_I CFD-NHT-EHT 166/253
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€ Convergence Difficulties

O Sometimes running for further iterations is not the answer:
— Either the solution is diverging
— Or the residuals are ‘stuck (-£4¥) *with a large imbalance still remaining.

@ Troubleshooting
Continuity equation convergence trouble affects convergence of all equations.
a. Compute an initial solution using a first-order discretization scheme.

b. Alter the under-relaxation or Courant numbers.

¢ .Check the mesh quality. It can only take one very skewed grid cell to prevent

|-’5__| CFD-NHT-EHT 167/253
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€ Modifying Under-Relaxation Factors
e Under-relaxation factor, a, is included to stabilize the iterative process for the
pressure-based solver.

» Use default under-relaxation factors to start a calculation. When the solution
Is converged but the pressure residual is still relatively high, the factors for
pressure and momentum can be lowered to further refine the solution.

» The recommendation is to always use underrelaxation factors that are as high

as possible, without resulting in oscillations or divergence.
o If value is too high, the model will be unstable, and may fail to converge
o If value is much too low, it will take longer (more iterations) to converge.
— Default settings are suitable for a wide range of problems, we can reduce the
values when necessary.
— Appropriate settings are best learned from experience!




&L

=

@) TFAAAY

&

CFD-NHT-EHT
CENTER

.
\f' XIAN JIAOTONG UNIVERSITY

Problem Setup

General
rModels
Materials

Cell Zone Conditions
Boundary Conditions

Dwnamic Mesh
Reference values

Soluktion
Solution Methods

olution Conkrols
Monitors
Solution Initializaktion
Calculation Activities
Run Calculation

Results

Graphics and Animations
Ploks
FReports
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PP = Prold + TAPp

Solution Controls

Under-Relaxation Factors

| ¥

Pressure
| 0.3

Density

E |
EBody Forces I
1

Monenktun
0.7

Turbulent Kingkic Energy
0.3

[Equatinns...] [Limits... ] [Advanced... ]

£
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Solution Accuracy
O Remember, a converged solution is not necessarily a correct one!
A. Always inspect and evaluate the solution by using available data,

physical principles and so on.
B. Use the second-order upwind discretization scheme for final results.

C. Ensure that solution is grid-independent

@ If flow features do not seem reasonable:

A. Reconsider physical models and boundary conditions

B. Examine mesh quality and possibly re-mesh the problem
C. Reconsider the choice of the boundaries’ location (or the domain):
Inadequate choice of domain (especially the outlet boundary) can significantly
Impact solution accuracy.

1/U/IZ53



& D 7 A FE T
({3 A “)X e . i =
a1 HTHRTEEBE Y,

Mesh Quality and Solution Accuracy

@ Numerical errors are associated with calculation of cell gradients and
cell face interpolations.

® Ways to reduce the numerical errors:
A. Use higher-order discretization schemes (second-order upwind,

MUSCL)
B. Attempt to align grid with the flow to minimize the *“false

diffusion”

® Refine the mesh

171/253
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Refine the mesh

(® Sufficient mesh density is necessary to resolve salient(E %) features of flow
 Interpolation(#&1E) errors decrease with decreasing cell size

(2 Minimize variations in cell size in non-uniform meshes
A. Truncation error is minimized in a uniform mesh
B. FLUENT provides capability to adapt mesh based on cell size
variation

® Minimize cell skewness and aspect ratio
A. Ingeneral, avoid aspect ratios higher than 5:1 (but higher ratios are
allowed in boundary layers)
B. Optimal quad/hex cells have bounded angles of 90 degrees

C. Optimal tri/tet cells are equilateral
|-{j__| CFD-NHT-EHT 172/253
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€ Grid-Independent Solutions

@ Itis important to verify that the mesh used was fit-for-purpose.

— Even if the grid metrics(¥g45) like skewness are showing the mesh is of a
good quality, there may still be too few grid cells to properly resolve the
flow.

@ To trust a result, it must be grid-independent. In other words, if the
mesh is refined further, the solution does not change.

® Typically we should perform this test once for most of our problems.

|-{j__| CFD-NHT-EHT 173/253
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Determining Grid Independence

Procedure:
@ Obtain new grid:

Adaption(ZH AL ERE R AL A%, AT HESE LT X I i P A& AL PSR T v

BRE, B eiE XKML T4 ERE. )

A. A process by which the mesh is selectively refined in areas that are
affected by the adaption criteria specified.

B. If we know where large gradients are expected, we need to have fine
grids in the original mesh for that region, e.g., boundary layers.

Continue calculation until it converge.
Compare results obtained with different grids.

Repeat the procedure if necessary
@-|I:|CFD_NHT_EHT 174/253
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10. Results and Analysis: Graphics, Animation and Reports

® Heat flux report:
— It is recommended that we perform a heat balance check so to ensure that
our solution is truly converged.

@ Exporting heat flux data:
— It is possible to export heat flux data on wall zones (including radiation).

|-{j__| CFD-NHT-EHT 175/253
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Avalilable Variables for Heat Transfer

Static Temperature Total Temperature
Enthalpy Relative Total Temperature
Rothalpy (## 1E45) Wall Temperature
Wall Temperature (Thin) Total Enthalpy
Total Enthalpy Deviation Entropy
Total Energy Internal Energy
Total Surface Heat Flux Surface Heat Transfer Coef.
Surface Nusselt Number Surface Stanton Number
'ETIZI CED-NHT-EHT 176/253
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Pressure field on a dinosaur

\elocity vectors Velocity magnitude

Streamlines Pathlines
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12.4.2. Physical models

Multiphase Flow Modelling

A. Discrete phase model

B. Eulerian model

C. Mixture model

D. Volume-of-Fluid (VOF) model

Reacting Flow Modelling

Eddy dissipation model

Non-premixed, premixed and partially premixed combustion models
Detailed chemistry models

Pollutant formation

Surface reactions

mo oo »

|—_I:_|_I CFD-NHT-EHT 178/253
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* Modelling Moving Parts

A. Single and multiple reference frames
B. Mixing planes

C. Sliding meshes

D. Dynamic meshes

E. Six-degree-of-freedom solver

Multiphase Flows

In many flows, there is more than one fluid present in the domain
A. Different substances (e.g. oil&water, or water&air)
B. Different phases of same substance (water & steam)

|—_I:_|_I CFD-NHT-EHT 179/253
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Modelling Moving Parts

* Many flow problems involve domains which exhibit forms of motion.

» Two types of motion are possible — translational and rotational.

» There are two modeling approaches for moving domains:
— Moving Reference Frames(iZ 312 % M #5 R)
— Moving/Deforming Domains

|-’5__| CFD-NHT-EHT
[] ceENTER
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12.4.3 User Defined Functions

What is a User Defined Function?

O AUDF is a function (programmed by the user) written in C which can
be dynamically linked with the FLUENT solver.
 Standard C functions

@ Exponential, control blocks, do-loops, file i/o, etc.
 Pre-Defined Macros

® Allows access to field variable, material property, and cell geometry
data and many utilities

- g::;l::T—EHT 181/253



G FEZAAY RAMFLE TR
(:{ B} XA X PR AF
‘:-1" XIAN JIAOTONG UNIVERSITY ﬁ_ﬁ%‘; ﬁ‘ l!!-:,‘ 5"_%;" '

Why program UDFs?

Standard interface cannot be programmed to anticipate all needs:

(O Customization of boundary conditions, source terms, reaction
rates, material properties, etc.

2@ Customization of physical models

3 User-supplied model equations

@ Adjust functions (once per iteration)

® Execute on demand functions

® Solution initialization

|-_F|_| CFD-NHT-EHT
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Segregated PEBCS DECS
User-

Initialize #|Begin Loop|{ defined [»|Solver?

Solve U-Momentum Source terms
Y ADJUST / *
! Solve Mass,

| Solve V-Momentum

User Defined

* Solve Mass Mol-Ementum, JIS:::‘urlc:e termsl
& Momentum nergy,
INITIALIZE :
\ Solve W-Momentuh’n EREEE
Repeat \Sol\re Mass Continuity
+ Update Velocity
Y
Exit Loop |*=—|Check Convergence »|Solve Energy
Update P:}pertles Solve Species|[+—___ ] Source
* terms
| User-Defined Properties Folve Turbulence Equation{si“é
IUser-Defined BCsI *
4+olve Other Transport Equations as require

User Access to the FLUENT Solver

|-{_:|_I_|:| CFD-NHT-EHT
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12.5 Introduction to ICEM and Meshing with

|ICEM for structural and unstructural grid

184/253



With the continuously growing capabilities of modern computing systems, the
demand for more detailed analysis and assessment of fluid behavior is
growing. However, the flow domain is In most cases defined by complex

geometries, for which it i1s not always easy to establish a high quality
discretized model.

Mesh Generation:

Public domain, downloadable and university codes: more than 100 types.
(http://www. robertschneiders.de/meshgeneration/software.htmI#Ansys)

Companies offering commercial mesh generation softwares:

ICEM, Ansys meshing, Gambit, Hypermesh, Tgrid, Pointwise, Gridpro, ANSA,
turbogrid... ; About 70 software products available.

Which one to choose?
185/253
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Rule of thumb:

1. Use the mesh generator which is being used by your friends who are
available to help you out.

2. ICEM is a good software(Hexa), but it is difficult and takes a lot time to
learn.

3. We can also use combination of different meshers. For example: Gambit and
ICEM. Use Gambit for geometry cleaning and tetra volume mesh. This mesh
was saved in .msh format and imported into ICEM. Where with build topology
underlying geometry was reproduced and then prism mesh was extruded from
the tetra mesh near to wall surface.

186/253
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12 5.1 Introduction to ICEM
ICEM CFD mesh types

| Mesh Types |
& T

Unstructured Mesh Hybrid Mesh Structured Mesh

ICEM CFD can generate both structured and unstructured
meshes using structured or unstructured algorithms which can
be given as inputs to structured as well as unstructured solvers.

187/253
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Volume comprised of elements used to discretize a
domain for numerical solution

Heat Transfer
*Fluid dynamics

*Other
* Nodes
*Point locations of element corners

EEEEE
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2D — Surface/Shell
@ Quads([4iZijE)
@ Tris (ZA)
3D-Volume

@ Tetra (PUTEIHE)

@ Pyramid (

R

® Prism (4%

A
S )
La

@ Hexa (75T

144
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GUI and Layout for ICEM CFD

=

File Edt “iew Info  Settings “windows Help

= B S
R O, g8y E]

[ Geometry
rd” Mesh

T S Selection Toolbar =N

L] Lines Select mesh elements E3
H—d’ Shells M (@) d el

Sl S OR0 X1 FRBY- @ 2 NE

W ICEM CFD 12.0.1 : projecti l lti”ty Menu =]
]

Geometry ] Mesh ]Blockmg Edit Mesh ] Froperties ] Constraints ]Loads ] Salve Options ] Output ] Cart3D ]Pospprocessmg ]

Utility HFBBRSE B0 2B LR | FUnClion Tabs |

Icons

5
2SR

HIE
Ik
Y
P
@
B
&

i’ FLLID
R rriin: Tree
—at
" INTERFALCE
" ORFH
e’ OUT1
et OUTZ
|
i’ TRANSITION
e
" TUBET
Smooth Elements &
Globally “
Quality
Smoaothing iterations |5 =
Up ta value [0.2
Criterion | Quality -]
Smooth Mesh Type
Smooth  Freeze Float ||
TETRA_4 o~ s —
HEXA_8
TR 3 3 — s
Z offset is 2.37036-005 of total Z range =
QUAD_4 i - Z affset is 3.160458e-005 of tatal Z range M eS S ag e
D = = = Z offsat is 4.21397333333e-005 of total 2 range

Z offset iz 5 61862666667 e-005 of tatal Z range

Smooth Parts/Subsets

Methad [0 parts =l |=|| T Log Save ﬁ WI n dOW

Apply | OK__ | Dismiss | Quality metrics criterion: Quality [Min 0. 200732 kax 0.938993)
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Flle and Directory Structure
* Primary file types:
— Tetin (.tin): Geometry
e Geometry and material points
 Part association
* Global and entity mesh sizes
* Created in Ansys ICEM CFD or Direct Cad

Interface E;X
— Domain file (.uns) o it B =i
» Unstructured mesh | _;j—_J _;_—=_J ::—;—J
— Blocking file (.blk) . Par - pl
- Blocking topology — Parameter file (.par)

— Attribute file (.fbc, .atr) * solver parameters & element types

+ Boundary conditions, local Journal and replay file(.jrf, .rpl)

* Record of performed operations (echo
parameters & element types file) 191/253



Some Commonly Used Utilities
@O Edit > Undo/Redo

File Edit “iew Info

Settings "

= B AR

= 0L g8 |

]| k]

2 View

it [

*Fit active entities into screen

—Box Zoom

—Standard views

3 Measure
—Distance
—Angle
—Location

g

z

BRAMFEIAE 2%
HTHRTEEBE Y,

@ Surface display

-Wireframe
-Solid
-Transparent

=

= P E T T
11 Subsets
Foinits
W Curves
W Suaif =~

= Mesh
Sub «
Foar
Lire

Elrnd® Parts
e
R FLLI
" IMLI
R OIMNT

Iil { Sl
2, Local

Showsr Full
Show Simnple
Shoss Simpler
Shows Simplest

Sobd & Wire

Grey Scale
Transpanent

Showw Surface Mormals
Codor By Mormal

D

&2

&
9999
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Function Tabs

Geometry ] Mesh | Blocking | Edit Mesh | Output | Cant3D | Pos

Geometry SOV TEESEXXE M X Create/Modify geometry

Mesh | Set mesh sizes, types and methods
Mesh %%'ﬁhﬁxﬁ-ﬁh@ Set options; Auto create Shell, Volume, Prism
meshes
EBlocking ] |n|t|al|ze a bIOCk

Blocking PBlLLaTe @@ ¥ Srlitimodify blocks

Generate structured hexa mesh

Edit Mesh Check, Smooth, Refine/ Coarsen,

Edit Mesh MsPF ASAE (B2 Merge, Auto repair, Manual edit,
Transform, etc.

Dutest | get Boundary Conditions and Parameters;

Output & UG IR dP Write mesh for 100+ solvers.
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Primary Function Tabs

Geometry | Mesh | Blocking | EditMesh  Properties | Create, read, write out material properties

Properties [ﬂ[ﬁ ETE',F! f ,/ Apply to geometry/elements

Set constraints, displacements,
define contacts, initial velocity,

Constraints ]

Constraints N Ve Ny rigid walls

Loads | get force, pressure and
Loads T« W | ah temperature loads

| Solve Options | Set parameters, attributes, create
Solve options — =, S subcases, write out input file, run solver
i S Q) P
Post-processing | Visualize results: cut plane,

Post - — e streams, animation, calculate
Processing O EEEE RS A integral and more.
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Selectlon Toolbar

*During select mode, selection toolbar appears

—Filtering of entities -Linked to select mode hotkeys
By Part

Cancel

Select geometry

Geometry Pl Moo x| @YY@ ¥ ’—&m*‘m’—’—’_’_@

Only visible N Flood fill to Angle v
Polygon Select all y g Entity Filter

Flood fill to Curve Mesh on Geom

Select mesh elements

]
Mesh Japlee O Moo 20 % |1 @22 Y & & 5 = e?*‘?ir‘f%'@NB

R Circle K\ . . R

Entire/Partial toggle Set FF angle All Shells
Faceted Geometry

WWS@%k%wmfamm@

Toggle Dﬂamlc
v By Subset ﬂ ﬂ

Mode (F9) From
Corners

Segments ol % @Y e @ 3

In between segments
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Workflow

BAMFEIE 25
HTHRTEERT Y,

Typical ICEM Workflow:

1.Create/open new project
2.lmport/Create geometry

| 3.Build topology/Clean geometry

4. Mesh model (Possibly Hex Blocking)

5. Check/edit mesh
6.\Output to Solver

» ICEM/CFD 12.0.1 -

\ 7. Post-process

File}/dit Wigw  |nfo Settings  Window He

\
VoV \

Iy O o =g
OlmsxE

Gearmnety

) TN

S262

Ed;vMesh ]Dutput ]F’n:-st-pyocessing ]

Wor

oW >
196/253
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The unstructured mesh generation procedure:

1.Create/Import geometry
2.Repair geometry ensuring a closed volume
3.Determine global meshing parameter

4.Specify part mesh setup

5.Specify curves and surface mesh size

6.Compute mesh

197/253
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ICEM was designed to mainly import geometry, not create complicated
geometries, although many geometry tools are provided.

ICEM CFD provides:
Geometry import
(@ Directly from CAD package
@ 3rd party formats (step, acis, etc...)
3 Via Workbench/Design Modeler

 Surface geometry kernel
— Imported solids are converted to surfaces
— Geometry fixing

L_| GENTE

---.253
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Geometry Import CAD from just about any source

r"i’ICEM CFD 12.0.1 : )
File Edit .View Info Settings  ‘wWindows Help @ DIreCt CAD Interfaces
ggfgg;;;;;;}}_- =2 f‘“ — Set up ICEM meshing requirements within CAD
e, [Bee environment
ety : « Saved within CAD part
s .  Retained for parametric geometry changes
{ — Directly write out ICEM formatted geometry (tetin file)
A1 oo * No 3 party exchange (clean!)
W : — ProE, Unigraphics, SolidWorks
‘ e @ Direct import
. —ACIS (.sat) -CATIAV4 -DWG/DXF
::[')alraSDIid _Catla V4 'IDEAS 'G EMS
Fteence seamety —IDEAS (IDI) —Parasolid -STEP/IGES
o —Pro/E -Unigraphics

199/253



12.5.2 Introduction to Surface/Shell Meshing with ICEM

Usages of shell meshing:

@ Thin sheet solid modeling (FEA)

@ 2D cross sectional analysis(—#&) (CFD)

® Input for volume meshing (FEA/CFD)

I—_FII_IZI g::;::'r-en'r 200/253
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First need to decide mesh setup parameters

@O Mesh method
— Algorithm used to create mesh

® Mesh type
— quad/tri/mix
® Mesh sizes

a. Small enough to capture physics, important features
b. Large enough to reduce grid size (number of elements)
e Memory limitations
 Faster mesh/solver run
a. Set mesh sizes on parts, surfaces, and/or curves
b. Based on edge length

&, erowai-nave different types/methods set on different surfaces 201/253
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2. Global Mesh Setup

Global Mesh Size
@D For entire model

@ Scale factor (£&)FEHIS%0)

» Global setting by which many local settings are
multiplied

» Good for scaling overall mesh

@ Global Element Seed Size (£ R4 RRT)

» Maximum possible element size in model
o Default size if don’t wish set sizes

@ Curvature/Proximity Based Refinement (AB3E %
AR I DX 3 ) PR AL D

Global Mesh Setup

Global Mezh Parameters

Global Mezh Size

Global Element Scale Factor

Scale factor (1.0

[ Display

Global Element Seed Size

fMax element [10.0

[ Display

Curvature/Proximity Bazed Refinement

I Enabled

bin size limit [1

[T Display

Elements in gap |'I

Refinement |‘I a

I lagnore wall Thickness

» Automatically creates smaller element size to better capture geometry
» Only for Patch Independent method and tetra octree

|-_F|_| CFD-NHT-EHT
[] ceENTER
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Global Mesh Setup Mesh tab

Mesh | Blocking | Edit Mesh |

@‘*‘ﬁhiﬂ L@

For entire model
For Shells

For Volume

For Prism

To periodicity

@O®WE

Parameters relative to scale factor
— Max size — Min size limit
& crommemdi€ight — Max deviation

[] ceENTER

To change defaults globally for size, method and type

Global Mezh Setup

Global Mesh Parameters

B

Global Mesh Size

Global Element Scale Factor

Scale factar (1.0

[ Dizplay

Global Element Seed Size

tax element (100
[ Dizplay

Curvature/Proximity Based Refinemen t
[ Enabled

Min size limit [1
[~ Display

Elements in gap |1

Refinemen t 10

[ lanore wall Thickness

203/253
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3.Global Shell Meshing Parameters Global Mesh Setup

— From Global Mesh Setup tab
— Set surface mesh parameters globally

Shell Mezshing Parameters

- Defaults for the selected mesh method Mesh type [Quad Dominant
kezh method |F"atv:h D ependent
(mﬂM%ﬁ&mﬁw&E) Shell Mezhing Parameters
— Method Section |F'atn:h D ependent

General

Autoblock(gsh4sA A B — 4 Block )5 42 B M%)

lgrnore size |1

PatCh dependent(fﬁﬁ@‘%%@ﬁﬂéiﬁﬁm%) [ Respect ine elements

[ Quadratic elements

@
@
® Patch independent (M4 B s ik BER B L) Boundary
@
®

| Protect given line elements

S h rl : kwrap(l@ %imnﬁ%ﬁ) [ Smooth boundaries
Delau nay(zﬁ M%é’iﬁféﬁ%) [ Allow free bunching

Offzet type | Standard
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Type Geormetmn  Mesh [ Blocking | Ecit Mesh | “Zroperhies | =

* All Tri, Quad with one tri
e Quad dominant, All quad

— Options for different methods ?
Sufacels) [ ‘@ L

— Global types and methods can be Madmm sze |

Height |

overridden by: et ot |

Murn. of lapers |E| =
- Tetra width |0 =
Local Settl ngS Tetra size ratio |
Min size limit |
Max deviation
In Surface Mesh Setup \ Teupe O =
(51, CFD-NHT-EHT Sl e |HD‘NE/ =

[] ceENTER - 205/253
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Geops Mesh | Blocking | Edit Mesh |

LT L@

4. Part Mesh Setup
— Set mesh parameters on all entities within part

— Max. size
- Multiplied by global Scale Factor = actual size

< Part Mesh Setup

part ¢ prism hexa-core max size height height ratio num lavers . I
| BOT = 0.05 0 0 0 |
[ CvL = 0.1 0.01 1.1 3

| TOP - 0.05 0 0 0 [
|
| < | >

I+ Show size params using scale factor
e e ——

Y Apply inflation parameters to curves®

[ Remove inflation parameters from curves
Highlighted parts have at least one blank field becausze not all entities in that part have identical parameters.

Apply Dismizs

206/253
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Loy,

Quad layers grown from curves (e.g. rings around holes) , use these 3 parameters:

— Height: First layer quad height on curves

— Height ratio: growth ratio which determines

the heights of each subsequent layer

— Num layers: Number of rings/inflation layers

Inflation layers: Mesh orthogonal to
surface with faces perpendicular to
boundary layer flow direction (JZfK

yuE 95y

part * prism. hera-core max size height height ratio num layers —
BOT i 0.05 0 ] i] [
CvL m 0.1 0.01 1.1 3 |
TOP J 0.05 ] 0 0 [ =
< | >

I¥ Show size params using scale factor
v Apply inflation parameters to c:_u@

I Remove inflation parameters from curves

Highlighted parts have at least one blank field because not all entities in that part have identical parameters.

Apply I Dismiss I

|-’5__| CFD-NHT-EHT
[] ceENTER
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 For quad layers, the minimum required to be set is height (1 layer) or num
layers (height = max. size)

e If done in the Part Mesh Setup interface we must set up the Apply inflation

parameters to curves
B ok G

Surface Mezh Setup

Surface(s] [bosS GEOM.OC @_
_Or_se_t on __
individual
curves M aximum size |D.'I
Height [0.01

Height ratio [1.1
—

Murm. of layers |3

[

|-_F|_| CFD-NHT-EHT
[] ceENTER
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5. Surface Mesh Setup
(O Same parameters as part mesh setup but

Geometry  Mesh | Blocking | E dit Mesh | Properties I Cx

aISO inCIUdeS: Surface Mesh Setup '@
- MeSh type Surface(z)] |tDpD_$urf.-’242 @
— MeSh methOd M aximum size |3
@ Select surfaces first from screen, set Heiht :1
5 el ratio |0
sizes/parameters and Apply s [5 -
Tetra width |0 =
® Mesh method/type will override(Z& %) global """ :E
shell mesh settings for selected surface(s) e T B
Mezh type IAII Tri ﬂ
. . tMesh method |F'atc:h Dependent ﬂ
@ WIII Overrlde (%%) Part MeSh Setup I Remesh selected surl‘:l::es
SEttingS if Set afterward Blank. surfaces with palamsl
(51, CFD-NHT-EWT Apply || oK I Dismiss | /253
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Display

* Right mouse, select in Model tree on
Surfaces > Tetra/Hexa Sizes

— Icon appears for each surface
— Gives a visual estimate of prescribed max. size

Show Simpler
Show Simplest

v Wire Frame
Saolid
Solid & Wire
Grey Scale
Transparent
Show Surface Mormals
Color By Mormal
Show Surface Thickness

5 SEmeie [ D 210/253



Curve Mesh Setup

— General

« Same as Surface Mesh Setup

Curve Mesh Setup

Curve Mesh Parameters

ki ethod

Dyramic

General

Dynanmic
Copy Parameters

» But also can prescribe(#z &) Number of nodes
— Instead of element size

———

Curve Mesh Parameters

Method | Copy Pararmeters j

From Curve

Curve |_ & I

b aximmumn size I—F
MNumber of nodes Ii
Height [

R atio Ii

whdth [

Min size mit [

M ax dewviation Ii
Bunching law Ii

Spacing 1 / Spacing 2 |_ |_
Fatio1 /Ratioz [ [

bl 3= zpace |

To Selected Curvel=s]

Curvelz] @ .-

Copy

f+ Relative " Absalute

(=]

1253



* Also includes node biasing along curves(if& i+ R %)

— Initial spacing from either curve end

— Bunching laws($8 5& T &2 A I 4E)

— Expansion ratios from either curve end
— Matching of node spacing to adjacent curves

Select curves first, middle mouse to accept selection,
then type in parameters/sizes - Apply

|-|_:|__| CFD-NHT-EHT
[] ceENTER
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Curve Mesh Setup

Curve Mesh Parameters

i ethod | General

Select Curvelz] @ ..

M aximum size | 0.0

Murnber of nodes |2

Height [0.0

Height ratio [0.0

MHum. of layers |D

Tetra width [0

Lok Lo

Min size limit [0.0

Il &= dewiation | 0.0

Advanced Bunching

Bunching law |

Spacing 1 |

Fiatio1 |

Spacing 2 |

Fiatio 2 |

b ax space |

I Curve direction

Fewverse direction

=l

Apply | ok |

Dizmizs |

212/253
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Curve Mezh Setup '@

Curve Mesh Setup T =

— Dynamic Method Method [Bynamic =
) A axirnum size II:IEI— k
 Adjust mesh parameters on screen Mumberaf nades [2 B

o o Bunching ratio I‘II:I—
» Interactively toggle(¥J]#2)displayed values near curve unching law [———=] &

with left (to increase)/right mouse (to decrease) keys - ,—'EE g

— Copy Parameters P |Eu— t

F ax derviation |EI_D &,
O COpy parameters set on curve to one others i Eomr e e (e s

e e.g. parallel curves, downstream Iner/Dec for [Marimum Size ~ ]

Walue [1.0

— Curve Mesh Setup will override Part Mesh Setup = e
parameters if set afterward

r_FI_I CFD-NHT-EHT 213/253
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Algorithm used to create mesh
e Patch Dependent(FR 4 H % BR 2R R AE Rk, B BT i #R T LAT4F1E, £
2 LA 8 £ B = R B P A)

— Based on loops of curves surrounding patches
— Best for capturing surface details and creating quad dominant mesh with good quality

« Patch Independent (PIA&AE A A IR B RE BRER, AR RN HE IS T2 RE R BB
/NRTUATARAE, & TR EA = B LA ED)

— Robust octree algorithm
— Good for dirty geometry, ignoring small features, gaps, holes

 Autoblock (Ba7ESAH B4 4R BlocksR J5 4 B )

— Based on 2D orthogonal blocks
¢ — Best for mapped meshing, mesh follows contours of geometry
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e Shrinkwrap(—FMEB/RMBAER oo oFe
i R TR BT e
Z% 1) J LA AR AR R o A il P %)

— Automatic defeaturing(F: 7 & 14)
— Quick Cartesian algorithm

Quad Dominant

<L

Fatch Deperdent

Auboblock

Patch Dependent
Patch lndependent
shrinkwrap
Delaunaw

— Allows ignoring of larger features, gaps and holes

e Delauney (= WAL REE)
— Allows for transition in mesh size

» Coarser towards surface interior
—Trionly

rij__l CFD-NHT-EHT
[] ceENTER

215/253



G FAEAA HAFEL IR o
(&) TFAALY WHESTE P
oroma s ﬁ_ﬁ%“s ﬁ 155N *%i =

Geometrp  Mesh | EBlocking | Edit Mesh |

Parameters or Surface Mesh Setup (local

. . urface Mesh Setup "@
upon selected surface entities
 Global defaults overridden(B ) by Sutace(s) |
|OC8.| SEttlngS b aximum size |3
Height |0.99922091 Local
Global Mesh Setup T e I':' Su rface
Global Mesh Parameters Mum. of layers IIZI tt.
Tetra width |0 setlings
Tetra size ratio ID
tin size limit |0
Mesh rethod Suad vefons Tri kM ax deviation IEI
et e Cuad Dominant GIObaI @ash type |E!uad Dorminant > l|
(il Quad - Mesh methad |NOME -
) crp | S B settings

[ eEn. em 2101453
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Mesh Types

—All Tri

— Quad with one Tri (T _EEIM%
BT KIS NIIATE &2 TR — AN =AM R )

» Almost all quad except with one tri per surface
« Single tri allows transition between uneven mesh distribution on loop edges
— Quad Dominant

* Where pure quad will fail
All qua
autoblock
 Allows for several transition triangles

 Very useful in surface meshing complicated surfaces where a pure quad mesh may
have poor quality

— All Quad

These mesh types will look different with the different mesh methods

|-’5__| CFD-NHT-EHT

[ cenver 217/253
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9. Compute Mesh

Once sizes, methods and types are set — ready to compute!
» Select Mesh > Compute Mesh >Surface Mesh Only

— Most of the time can just select Compute at bottom of panel which will create
shell mesh for entire model (Input = All)

— Overwrite Surface Preset/Default Mesh Type/Method
 To quickly override global and local settings
» Avoid going back to other Mesh Setup menus to change parameters

|-_F|_| CFD-NHT-EHT

L, CED-t 218/253
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Input

@ Can mesh All (default — entire model)
@ Visible — only visibly displayed surfaces/geometry

® Part by Part
— Parts meshed separately
— Mesh will be non-conformal between parts

Input
@ From Screen
- Select Geometry [All -
— Select entities to mesh from screen ]
izible

Fart by Part
From Screen

|—_I:_|_I CFD-NHT-EHT 219/253
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CFD-NHT-EHT
CENTER

Geometry Mesh | Elocking l E dit M esh | Properties ]

or ok S e v«‘\@

Compute Mesh

— Compute

(@® =

— Surface Mesh

— Dwerwrte Surface
Freset/Default Mesh Type

— O werwrnte Surface

]

Preset/Default Mesh Method

Input

=]

Select Geametny I.ﬁ.ll

[

Cormpute I Ok

Dismiss |

220/253
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12.5.3 Introduction to Volume Meshing with ICEM

To automatically create 3D elements to fill volumetric domain
@ Generally termed “unstructured” (FEZ5#4

Compute Mesh @
IR )
SH=
@ Full 3D analysis et o o3 <
« Where 2D approximations don’t tell the Wy s— =
full story e
® Internal/External flow simulation =
- - Selectsel Eisting Mesh Parts &I B
@ Structural solid modeling
® Thermal stress } Finite element analysis
|—_I:_|_| CFD-NHT-EHT 291/253
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1. Standard procedures
@ Start from just geometry(MEF JU @ Start from existing shell mesh

EITLE) » Delauney/T-grid
e Octree tetra(/\ XM [ H14) — Quick
— Robust » Advancing Front
— Walk over features — Smoother gradients, size transition
e Cartesian (B E/RGE) (BRI, RESHE)
— Fastest « Hex Core (NTHIEAZ ORI )

® Start from both geometry and shell mesh * Hex Dominant (Z=75TH )

* Potions of model already meshed
— Inflation layers

* “Prism” sizes
r_FI_I CFD-NHT-EHT 222/253
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2. Define Volumetric Domain (¥ B 4 X 1) | i
— Optional ’E
« Recommended for complex geometries (& 2% J1.{a4&) Matoial Pt
 Multiple volumes (ZA4>JLA44) ® Cortoid o 2 pins
— Geometry -> Create Body— Material Point Premr— w o

Material Point

 Centroid of 2 points
— Select any two locations whose mid-point is within volume
— Preferred (Ei%E5¥)
* At specified point
— Define volume region by “point” within volume
(5, SER-NHT-EHT 223/253
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By Topology

* Defines volume region by set of closed

surfaces CGEIT ¥ B3 #HH & X AE)

» Must first Build Diagnostic Topology
CRATRRILIZH R

 Entire model
— Automatically define all volumes

» Selected surfaces

Create Body

Part |BEODY

L}
I\:.H-.-Ia.‘l'_'l:"‘l:‘ ] Hod

By Topology
Method
f+  Entire model

" Selected surfaces

— User selects surfaces that form a closed volume

CH P DA PR A e T D

|-_F|_| CFD-NHT-EHT
[] ceENTER
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3. Volume Meshing General Procedure

@ First decide volume mesh parameters

Geormetiy kMezh ] Blocking ] Edit Mezh

— Global Mesh Setup > Volume Meshing Bad .Y @

— Global Mesh Parameters -

Parameters ﬁ@ oo

— Select Mesh Type e

Mezh Type |Tetra.-"h-1i:-:e-:| |

— Select Mesh Method for selected Type T elrasMixed Meshing

Mezh Method IFh:lI:lust [Octres) |

— Set options for specific Methods

T RBun az batch process

[T Fast transition

|-{j__| CFD-NHT-EHT 225/253
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2 Set mesh sizes

— Globally
 As in Shell Meshing
— Locally
e Part/Surface/Curve Mesh Setup
e As in Shell Meshing
e For From geometry only
— Octree (J\XH)
— Cartesian (FF5E/R)

r_FI_I CFD-NHT-EHT 226/253

[] ceENTER



if Z i f&@ﬁ? HomAF lﬁp‘lﬁi s
’?',&«" XIAN JIAOTONG UNIVERSITY ﬁ—ﬁ%“sﬁh&“%%i . -

® Load/create surface mesh
—As In shell meshing section
—For Delauney, Advancing Front, T-grid, Hex-Dominant

e Either of these types run from geometry will automatically
create surface mesh using global and local Shell Mesh settings
without any user input/editing(PA_E 77 VA8 i 4 /#5358 Y
wiE, MWLAITEEIEME, £FH - TM)

« If in doubt, run Shell Mesh first, then from existing mesh (%4 5 1 P #% ,
A R )

r_FII_IZI CFD—N:T—EHT 2271253
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@ Define volumetric region

— Typically for octree on complex models(7£ & 24455 _F3E4TOctreeRl]43)
— Multiple volumes

® Compute Prism (optional)

— As separate process(A] /£ N2 T E)

— Also option to run automatically following

tetra creation(A AT BE U AR A B Ei s kl4y)  — -Ompute

SO

r_FI_I CFD-NHT-EHT 228/253
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® Compute Mesh

— Mesh> Compute Mesh > Volume Mesh

— Compute

|-’5__| CFD-NHT-EHT 229/253
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4. |\/|€Sh Types Global Mesh Setup o

. L . “ A Eluhaneshl:-'arame_ters -
@ Tetra/mixed (JUTHIE/IRE)

- Most used Yolume Meshing Parameters
. Tetra ezh Type |Tetra.-"h-1i:-:e-:| j

— With hex core Gy 7S T AZ O F RIS )
« Hexa (cartesian ) filling majority volume ONTEMEMIRIE 7 EEX )

e Tetra (from delauney algorithm) used to fill between surface
or top of inflation layers and hex core (JUEI{AEFEREE (X
BREEE) FI7NTH A RA% B L Z T8 i X 380

* Pyramids to make conformal between tetra tri and hex

quad faces (PUMEEFISTHE A2 7R & FEBRTE) Pure tetra

r_FI_I CFD-NHT-EHT 230/253
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— From existing quad mesh (M BFE7

FEITAE)

— Good quality hex near surface GIERE
(zNilzy - 9p

RS

— Somewhat poor in interior (N

i X A I

~N

==

L)

I

[ TERSE

231/253
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® Cartesian (E3AEREIASTEIESE M)
— Automatic pure hexa(4i/s &)
— Rectilinear mesh(&.4; M%)

— Staircase or (s E)
— Body fitted (& 5)

— Fastest method for creating
volume mesh

IEIIZI g::;::T—EHT 232/253
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The velocity and temperature gradients normal to a wall is typically
much larger than the gradients parallel to the wall. Use inflation
layers to correctly capture the velocity and temperature gradients
near no-slip walls.

Inflation layers:

(1) To simulate the boundary layer effects;

(2) Mesh orthogonal to surface with faces f f”f
perpendicular to boundary layer flow |
direction.

I—_I:_II_I:I g:::::‘r-eu'r 233/253
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1) Set Global Prism Parameters

2) Select Parts to grow layers from:
*Typically wall boundaries and holes

3) Set Local Parameters for each part
L_ocal overrides global
«Zero or blank will defer to global settings (2% B¥kBERHE)
4) Run mesher
*From existing mesh
-Extrude into tetra/hexa mesh
-Extrude from surface tri mesh, then fill volumes
& eremeeer - RUN aUtomatically during Volume Mesh creation 2341253
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Prism -Global Parameters

Growth law

e exponential: height = h(r)e-y [N Is layer #] N

e linear: height = h(1+(n-1)(r-1)) s

« wbh-exponential: height = h*exp((r-1)(n-1)) % L '
Initial height of first layer: h in above eq. N:D;DEH [

-Auto calculated if not specified

Based on factor of edge length of base triangle/quad Number of layers |6

Height determined so that top layer volume is slightly Total height |0
less than that of tetra/hex just above it Compute params

Height ratin |1.35

|4 e

|-_F|_| CFD-NHT-EHT
[] ceENTER
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Number of layers: n
Height ratio: r
Total height: usually left blank

Usually specify 3 of the above 4 parameters

e Compute params(=%i4i) will calculate the remaining parameter

o Or specify only Height ratio and Number of layers for auto
calculation of initial height

 Individual surface/curve height/ratio/layers will override these
global defaults if set

236/253
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Growth Law Comparison

The growth rate of wb-exponential is greater than exponential
The growth rate of exponential is greater than linear

Wh-exponential

Linear Exponential

|-’5__| CFD-NHT-EHT
[] ceENTER
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o Setting Prism Parameters on Parts I BT\ @

Fart Mezh Setup

W Part Mesh Setup

part £ — prlsln_'| hexa-core mas $I|:.I7.e hmgl;lt height rDatu:u FIum Ia;em tetra mzeﬂratln | |f Apply inﬂation
e - T ; E *— parameters to
ST - g 0 3 E °__ curves is toggled
S = g 2 g [ _o— on, they will also
‘| | »| be set on each

v Show size params using scale factar

[ Apply inflation parameters to curves e Cu rve Wlth N eaCh

[ Remove inflation parameters from curves pa rt

Highlighted partz hawe at leazt one blank field becausze not all entities in that part have identical parameters.

Apply I Dizmizz

|—_I:_|I_I:| CFD-NHT-EHT 238/253
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Setting Prism Parameters on Volume Parts

w Prism Parts Data

part ¢ przm hieight height ratio fun layers I |
GEOM [ 0 0 0
IMTERIOR v 0.0 1.3 | E
WL v
WOLZ v
WhALLST v 0.0 1.3 B
| Wil L52 n i i

<

v Show size params using scale factor

Highlighted partz hawve at least one blank field becausze not all entities in that part
hawve identical parameters.

Apply

Dismizs

CFD-NHT-EHT
CENTER
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« Setting Prism Parameters on Surfaces

Surface Mesh Setup

Surface(s] |F8_450 1. @ /

Maximum size | 1]

MeSh S Height [0.2

Height ratio | 1

Surface Mesh Setup ~ m ot tovers 3 il
Tetra width |0 =
Tetra zize ratio |l]
Min size limit |0
Max deviation |I]
Mesh type [NONE [
Mesh method [NONE [~

[ Bemesh selected surfaces

Blank surfaces with params |

CED-NHT-EHT Apply | (114 | Dismiss 240/253
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e Setting Prism Parameters on Curves @ %% M@Iv

Curve Mesh Setup|

Curve Mesh Setup

Curve Mezh Parameters -

M ethod |General |

Mesh > Curve Mesh Setup = sacasi e & ---

k aximum size |EI

MHumber of nodes |EI !

Height [0.003 -

Height ratio |EI

Murn. of layers | 0

Tetra width |0

lale] lal

Min size limit |0

b ax deviation |EI

-

(5] crommrenr spply |[ ok ] Dismiss | 241/253
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Run Prism

» Can run separately %%Q‘Rﬁi \i’l@

Compute Mesh

Mesh > Compute Mesh > Prism Mesh Compute Mosh ?

Compute "

» The Select Parts for Prism Layer button pops up - LY
(38 Hi)the same menu as the Part Mesh Setup, except | "

Input
non-prism related columns aren’t displayed 3 Selectesh [Exiing Mesh ]
° Inpqt . - Select Parts for Prigm La_l,ler|
_EXIStIng MeSh Iv Load mesh after completion J
-From File

Compute || 2k, I Dismi$$|

CFD-NHT-EHT

[ cenTerR 242/253
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12.5.4 Examples to generate structural grid
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Auto-meshing algorithms for unstructural grid may make it easier but
the grids they create may lack key qualities.
Reasons for taking the time to create structured grids in CFD

SIS ] S I A | i

O High Degree of Quality & Control ERamERaEE H

@ Better Alignment: Better Convergence EEEEm l

® Less Memory and Time Required
@ The Data Locality Issue

® It Has Available Solution Algorithms

® Definable Normals Unstructured meSQM253
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The structured mesh generation procedure:
1.Create/Import geometry.

2.Initialize blocking with respect to geometry dimension

3.Generate block structure using the split, merge, O-grid definition.

4.Assoclate vertices to points, edges to curve and block faces to
geometry face.

5.Check block structure quality to ensure the block model meets
specified quality threshold.

245/253
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6.Determine edge meshing parameters and using spacing 1 or
spacing 2 for increasing mesh density in specific zone.

7.Using pre-mesh to update mesh.
8.Check the cell quality of the mesh once its generated.

9.Convert structure mesh to substructure mesh by right click on the
re-compute mesh.

10.Write output files to desired solver like fluent.

246/253
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Example 2: Flow Iin a U turn

5000

=

1200
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Example 3: Three pipe junction
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Thanks very much!
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