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NS a@ Introduction

Lecture Theme:

The problem definition for all CFD simulations includes boundary conditions, cell zone

conditions and material properties. The accuracy of the simulation results depends on
defining these properly.

Learning Aims:
You will learn:
* How to define material properties

* The different boundary condition types in Fluent and how to use them
* How to define mesh interfaces

* How to define cell zone conditions in Fluent including solid zones and porous media
 How to specify well-posed boundary conditions

Learning Objectives:
You will know how to perform these essential steps in setting up a CFD analysis
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WSS ANSYS Fluent Workflow

Navigation Pane Guides Basic Workflow

B ceneral
{.p2 Models . .
G Metors * Read and check mesh (scale if needed in standalone mode)
+ﬁ Cell Zone Conditions = Select PhySicaI MOdE'S
+-JJ¥ Boundary Conditions ° Energy
e s * Turbulence
_ @ Solution * Multiphase
..... @ Solution Methods Y coooooooooos
..... 7 Solution Controls Create/Assign Materials
+ :::Ittizzslnitialization . ASSign ce" & Boundary Conditions
+;1u Calculation Activities ° Choose Solver Settings
-} Run Calculation . Create Solution Monitors
R e * Initialize Solution
£ FT] Animations *  Run Calculation
P17 Plots . Post-Process Results
+§j> Reporis

+-8% Parameters & Customization
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WSS Materials Database

* Fluent materials database 2 Creste/Ecit Moterils =
Mame ; Order Materials by
1 - Material Type
— Provides access to a number [ar [fud o) @uane
of pre-defined fluid, solid and — et it e [T
miXtu re materials EFIuentDatabaseMaterials @w
. R S Fluent Fluid Materials (=] B 5] Material Type
— Properties listed depend on the models | == prostere oen ™ 2
itrogen-dihydride (nh2) _sol\d )
u Se d itrogen-dioxide (no2) Inert(‘;?qarhdﬁ I
itrogen-dioxide- (no2-) ErE=lFmiE
o o itrogen-dioxygen-monofiucride (nfo2) ik
— Materials can be copied to S| s .
the case file and edited if e [
) Therma Froperties i
requlred Bty &g"fm3)|cnnstant V| Vie
|1.13a E
Cp (Spedific Heat) (ika) |pieceu\'ise-polynomial v|| View |
|
* User-Defined material database Therme Condctvty (i) (o ~IiC
|0.0242
Custom databases can be created, ety G [ .
accessed and modified from the standard [1e63es

materials panel in Fluent

| Copy | | Close | | Help |
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LWSAE Fluid Density

* For incompressible flow with p = constant
— Select constant for density

* Ideal gas properties
— Incompressible flow, p = f(T)
* Polynomial or piecewise-polynomial

* Incompressible ideal gas law (p =P, erating/RT)
— Set Pyperating €lOSe to the mean pressure in the problem =¥ see next slide

— Compressible flow, p = f(p,T)

* Use ideal-gas for density (p = pap<oiute’/ RT)

— For low-Mach-number flows, set p, . a1ins ClOSE to mean pressure of the problem
to avoid round-off errors

— Use Floating Operating Pressure for unsteady flows with large, gradual changes
in absolute pressure (segregated solver only)
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WAl Operating Pressure

* Represents the absolute pressure datum from which all
relative pressures are measured

6

P

absolute =

P

operating

+P

relative

— Pressures specified at boundary conditions and initial conditions

are relative to the Operating Pressure

« Used to avoid problems with round-off errors which occur
when the dynamic pressure differences in a fluid are small
compared to the absolute pressure level

Pressure

,\/“V\/\\/\I\I\I Pressure

LU avA Vi bl

Cell Zone Conditions
Zone

mixture

X (mfs?) [ a

Z(mjs?) 581 g

] Boussines q Paramef ters

Pre|,maX= 100’001 Pa Prel’male Pa Ogge;é?ggTemperamre[k)_
P o= 99,999 Pa Pre/mC1 Pa
Variable-Density Parameters
/| Specified Operating Density
P o Operating Density (kg/m3)
———————— l e— s ®
EX. 1: Poperating= 0 Pa EX' 2: Poperatingz 1OOIOOO Pa [Coc ] [cancel] [Hen |
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Cell Zones and Boundary Zones

7

The mesh consists of a large number of finite
volumes, or cells

* The cells are grouped into one or more cell

zones

— For instance in a conjugate heat transfer
calculation there may be one cell zone for the
fluid region and a second cell zone for the solid
material

* Each cell is bounded by a number of faces

* These faces are grouped into a number of face

zones

e Some of these faces are located on the

boundaries of the model

* The zones to which such faces belong are

called boundary zones

// // //
_— // // Simple 3D mesh
%
Boundary
Face

Cell

Cell zone conditions are applied
to all cell zones

Boundary conditions are applied
to all boundary zones
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WS Opening the Cell Zone Conditions Panel

8

Expand the Cell Zone Conditions
branch of the Tree

* A list of all cell zones will appear

* Right click on the zone of interest and

select Edit (or double click on the
name of the zone)

* The cell zone conditions panel can be
used to define a porous zone, prescribe
energy sources in solid and fluid zones,
specify inputs for rotating machinery,
fix the values of one or more solution
variables and many other operations

—-@ Setup

b General
.i...ng Models

+ Materials
. Cell Zone Conditions

@ solid-1 (5ol
@ solid-2 (5ol
@ solid-4 (soli
+..jt Boundary Condi
..... & Dynamic Mesh
..... @ Reference Valu¢
—-§3 Solution

..... % Solution Methoc

..... Solution Controls

Cell Zone Cot

Zone
solid-1
solid-2
crlid -
Edit...
Type k
Copy...

Adjacent Boundaries...

cXDand ~

Collapse A

2
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IVWS%E Cell Zones

* A fluid cell zone, or more simply, a fluid zone, is a group of cells for which all
active equations are solved

Outflow

Solid Heater

Inflow

e.g. A simulation of a copper heating coil in water will e.g. To account for rotational motion, the impellers
require a fluid zone and a solid zone Using water are placed in a rotating domain. The impeller fluid
properties, the equations of flow and heat transfer zones will use equations in the rotating frame of

will be solved in the fluid zone Using copper reference. Everywhere else will use equations in the
properties, only the heat transfer equation will be stationary frame of reference

solved in the solid zone
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WSSl Defining Boundary Conditions

* To define a problem that results in a unique solution, you must specify information
on the dependent (flow) variables at the domain boundaries

— Specify fluxes of mass, momentum, energy, etc. into the domain
* Poorly defined boundary conditions can have a significant impact on your solution

* Defining boundary conditions involves:

— ldentifying types (e.g. inlets, walls, symmetry,...)

— ldentifying location

— Supplying required data depending on boundary type, location and physical models
* Choice depends on:

- Geometry

— Availability of data at the boundary location

— Numerical considerations
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Changing Boundary Condition Ty

* Zones and zone types are initially defined in @ sew

- General

the preprocessing phase + o8 Models

+ Materials

+5 Cell Zone Conditions

= ..ji Boundary Conditions

pes

Cell Zone Conditions

Zone

oo ~J& interior-fluid (interior)
* To change the boundary condition type for J pressure-outt (pressure-outkt)
L A symmetry (symmetry)

..... + velocity-inlet-i Edit...
€ velocity-inlet-g

— Right click on the zone name in the Tree % walfuid (wal)  Tvpe
. ;i -] Dynamic Mesh Copy.
— Select "Type" to open a list of available @ Reference Values |
—iz Solution edzEl
boundary types and select a new type from the Y & soionbetnods | Coll
“St - g Solution Controls

- Monitors

é....iw Solution Initialization
+-& Calculation Activities
—_/i Run Calculation
—|-igd Results

§-§% Graphics

+m Animations

i b= Plate

4 faxis \
degassing
d A exhaust-fan
pse A fan
L inlet-vent
intake-fan
interface
mix{ interior
— mass-flow-inlet
|: outflow
Iﬂ outlet-vent

[ miard \ — J
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WSS Setting Boundary Condition Data

* Explicitly assign data in BC panels — @ Setup
— To set boundary conditions for particular zone: - ° f:':”lﬂ'
 Expand the Boundary Conditions branch in the : -
tree <. & Cell Zone Conditions
» RMB then Edit, or double click on the zone - J& Boundary Conditions
name

----- I interior-fluid (interior)

— Boundary condition data can be copied fromone + symmetry (symmetry)
zoneiteanothepmn . =~ t velocity-inlet-large (velocity

y i N Jt velocity-inlet-small (velocity Type »
* Boundary conditions can also be definedby #+ wal-fiuid (wall Copy..
User-Defined Functions (UDFs) and profiles . ] Dynamic Mesh -
— Profiles can be generatedby: & Reference Values e
—Gﬁ Solution Collapse A

* Writing a profile from another CFD simulation

* Creating an appropriately formatted text file
with boundary condition data

* More information in Appendix
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WSS Available Boundary Condition Types

External Boundaries

13

General
— Pressure Inlet
— Pressure Outlet

Incompressible
— Velocity Inlet

— Outflow (not recommended)

Compressible
— Mass Flow Inlet
— Pressure Far Field

Other

- Wall

— Symmetry
— AXxis

— Periodic

Special
— Inlet / Outlet Vent
— Intake / Exhaust Fan

Internal Boundaries 3 outlet

e Fan orifice

* Interior wall

®* PorousJump

* Radiator

Wall
=@ Setup Boundary Conditions
=Fs plate
g :I:;ezr::: Conditions Qrtrgggr'ﬂwd plate'Shad ow

%‘[ Dynamic Mesh E;‘é';t I n | et
4 Reference Values plate-shadow

@z Solution wal

+@ Results

+§} Parameters & Customizatic
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WS4 General Guidelines for Boundaries in CFD

* |If possible, select inflow and outflow boundary locations and shapes such that flow either
goes in or out normal to the boundaries

— Typically better convergence

e Should not observe large gradients in direction normal to boundary
— Indicates incorrect set-up
— Move the boundary further upstream or downstream so it is located away from gradients

* Minimize grid skewness near the boundary
— Errors resulting from high skewness will propagate through the rest of the computational domain
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Specifying Well Posed Boundary Conditions

e Consider the following case which contains separate air and fuel supply pipes

e Three possible approaches ﬁgAir
in locating inlet boundaries:
1 Upstream of manifold

— Can use uniform profiles since
natural profiles will develop in the

supply pipes
— Requires more elements
2 Nozzle inlet plane

— Requires accurate velocity profile
data for the air and fuel

3 Nozzle outlet plane

— Requires accurate velocity profile
data and accurate profile data for
the mixture fractions of air and fuel
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ISl Specifying Well Posed Boundary Conditions

* Boundaries near recirculation zones

* |deal Location: Apply an outlet downstream of the recirculation zone to allow

the flow to develop. This will make it easier to specify accurate boundary
conditions.

— . . V Pressure Outlet

o
= - -

* Bad Location: Difficult to apply the correct backflow conditions for turbulence,
temperature, species, etc. if the pressure outlet is located here.

—— —

I Pressure Outlet
R

|
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ISl Specifying Well Posed Boundary Conditions

When there is 1 Inlet and 1 Outlet:

17

Most Robust: Velocity at inlet with static pressure at outlet (Velocity Inlet :: Pressure Outlet)
— The inlet total pressure is an implicit result of the prediction

Robust: Mass flow rate at inlet with static pressure at outlet (Mass Flow Inlet :: Pressure Outlet)
— The total pressure at the inlet will be adjusted to set the given mass flow

Sensitive to Initial Guess: Total pressure at inlet with static pressure at outlet (Pressure Inlet :: Pressure
Outlet)

— The system mass flow is part of the solution

Very Unreliable:

— Total pressure or mass flow rate at inlet with Outflow boundary at outlet (Pressure Inlet :: Outflow or
Mass Flow Inlet :: Outflow)
* This combination should not be used, because the static pressure level is not fixed
* Mass Flow Inlet :: Outflow combination is ok if the density is constant

— Velocity at inlet and velocity at outlet — system is numerically unstable

2
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WSS Symmetry Planes

 Symmetry boundary conditions can be applied at symmetry planes
— No inputs are required
— Both the geometry and the flow field must be symmetric:
 Zero normal veIocity at Symmetry pIane

* Zero normal gradients of all variables at symmetry plane
* Must take care to correctly define symmetry boundary locations

K="77 ==

Symmetry ?’
Planes >
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Specifying Well Posed Boundary Conditions

19

External Flow

In general, if the object (building, wind turbine, automobile,...) has height H and width W, you
would want your domain to be at least more than : 5H high, 10W wide, with at least 2H
upstream of the building and 10 H downstream of the building

You would want to verify that there are no significant pressure gradients normal to any of the
boundaries of the computational domain. If there are, then it would be wise to enlarge the size
of your domain

; 5H
Concentrate mesh in

N regions of high gradients

N
N
1OVW\A

>‘

2
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LWV Mesh Interfaces

Across an interface between two cell zones, the nodes may or may not exactly align
* |f the nodes match perfectly, this is a ‘Conformal’ mesh

— If using DesignModeler, combining bodies into a single part will give a conformal mesh
* If the nodes do not match up, this is a ‘Non Conformal’ mesh

— Fluent can interpolate across the interface, but this must be defined in the GUI.

— If not, Fluent will treat the interface as a wall, and no fluid can flow through.

i,

AN
VAVAVAN

Conformal Non-Conformal
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WSSl Uses of Mesh Interfaces

Non-conformal Interfaces can be used for:
® Connection of mismatched meshes (hex to tet for example)

— a single mesh file may contain non-matching mesh regions and require non-conformal
interfaces

* Changes in reference frames between cell zones

— even if the mesh matches
* Connect different types of cell zones together (e.g. Fluid and Solid)
* Create periodic regions within a domain
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22

To create a non-conformal interface:
— Step 1: Define/Boundary Conditions

* Change the type of each pair of zones that
comprises the non-conformal boundary to

interface
— Step 2: Define/Mesh Interfaces

WS Defining Mesh Interfaces

| interface-hole-1 , interface-hole-2 | interface-duct

El Create/Edit Mesh Interfaces @
Mesh Interface Interface Zone 1 Interface Zone 2
‘ junction

|| linterface-duct

Interface Options
Periodic Boundary Condition
Periodic Repeats
Coupled Wall

* Enter a name for the interface in the Mesh | = i

Interface text-entry box

» Specify the zones comprising the interface

by selecting one or more zones below
Interface Zone 1 and one or more below
Interface Zone 2

Mapped

interface-hole-1
interface-hole-2

Boundary Zone 1 Interface Wall Zone 1

|]'unct»onfsidel—wallfinterface—hole—l . junc

Boundary Zone 2 Interface Wall Zone 2

| junction-side2-wal-interface-duct

Interface Interior Zone

| junction-interior-1-1 , junction-interior-2-

Translational

Rotational

Auto Compute Offset

Enable Local Tolerance

— If one interface zone is much smaller than the |-

other, specify the smaller zone as Interface
Zone 1 to improve the accuracy of the
intersection calculation

* Enable the desired interface options if
appropriate

Local Edge Length Factor

2
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WA Periodic Boundary Condition

* To create a Periodic boundary condition
— Enable the Periodic Boundary Condition option in the Mesh interfaces panel
— Select either Translational or Rotational as the periodic boundary condition Type

* Retain the enabled default setting of Auto Compute Offset if you want ANSYS Fluent to
automatically compute the offset

— Mesh can be conformal or non-conformal

« Translational Periodicity

— Simulates geometries that have translational
periodicity

— Allows for either the mass flow rate or the pressure
change across the interface to be specified

— The quantity not specified will be part of the solution

« Rotational Periodicity
— Simulates rotationally periodic geometries

— Before proceeding, you have to cqrrectIY enter the
rBoCtatlon?I axis for the corresponding cell zone in the
pane
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Summary

Cell zones (or continuum zones) are used to assign which fluid/solid material(s) exist in a
region

— Also have options for porous media, laminar region, fixed value, etc.
Fluent has an extensive, customizable database of material properties
— Numerous models and options are available for definition of properties

Mesh interfaces can be defined to allow flow and energy to pass between zones
connected with non-conformal mesh

Boundary zones are used to assign boundary conditions at external and internal
boundaries

Locations and types of boundary condition are extremely important for good
convergence and accurate results
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Appendix
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WS Options for Defining Common Properties

Density
— Constant

— Incompressible Ideal Gas

— Ideal Gas

— Real Gas (5 Built-in Models)
— Temperature Dependent?
— Boussinesq

— User-defined

Viscosity
— Constant

— Temperature Dependent!

— Sutherland

— Power Law

— Kinetic Theory

— Non-Newtonian (4 Built-in Models)
— User-defined

Thermal Conductivity

— Constant

— Temperature Dependent?
— Kinetic Theory

— User-defined

Specific Heat

— Constant

— Temperature Dependent?!
— User-defined

! Temperature Dependent options include definition of properties as piecewise linear , polynomial

or piecewise polynomial functions temperature
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Case Setup Replication
3 Revd Meoh Options e

* To replicate a case setup:
Discard Case, Read New Mesh
. . @) Replace Mesh
Ty Open the aCtuaI Case flle and gO tO FIIe/Read/MeSh ZhowScaIeMeshPaneIafterReplacingMesh
* Choose the option : Replace Mesh [Contrue...] [ Cancel | [l |

The text user interface (TUI) commands /file/write-settingsand /file/read-
settings can also be used for the same purpose. You can transfer settings from a 2D

case to a 3D case!

ervive e
AN VAATAVANAATAATATATIT L, |
TP VA VA RTATATATATAN s

oLy SRl

R

inlet-1—— .
2D Flow Domain fluid Actual 3D Flow Domain|
(approximation) . |
_ v outlet-2 - inlet-2
inlet-2 AR
outlet-2 [ |
Bablets] ¥ outlet-1
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WS4 Cell Zone Definition — Fluid

* Fluid material selection is required

— For multiple species or multiphase
flows, the material is not shown
Instead, the fluid zone consists of the
mixture of the phases

e Optional inputs
— Frame/Mesh Motion
— 3D Fan Zone
— Porous region
— Source terms
— Laminar region
— Fixed Values

28 © 2015 ANSYS, Inc. February 13, 2015

Bl Fiuid

Zone Name

‘ fluid

Material Name water-iquid

Frame Motion || 3D Fan Zone
Mesh Motion Laminar Zone
Porous Zone

Reference Frame | Mesh Motion | Porous

~ | [Edt...|
Source Terms

Z:ne| 3D Fan Z:ne| Embedded LES| Reaction | Source ’erms| Fixed Val ues| Mu :phase|

Rotation-Axis Origin

Rotation-Axis Direction

X(m)|u ‘constant v‘ X|U ‘constant v|
Y(m)[o ‘constant v‘ Y[o ‘constant v|

Z(m) | 0 ‘ constant

v‘ Z| 1 ‘constant v|

| ok | icancel| | rebp |

ANSYS Confidential




29

* Asolid zone is a group of cells for which only the

heat conduction equation is solved. Flow equations

are not solved

— The only required input is the Material Name (defined in

the Materials panel)

— Optional inputs allow you to set
volumetric heat generation rate
(heat source)

— Motion can be defined for a solid zone
* However, this is uncommon

e Rotation axis must be specified if the solid

zone is rotating or if rotationally periodic
boundaries are adjacent to the solid zone

© 2015 ANSYS, Inc. February 13, 2015
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WS4 Cell Zones Definition — Solid

= salid

Zone Name

solid

Material Nal'“E|aluminum v| | Edit... |
Frame Motion [¥] Source Terms
Mesh Motion Fixed Values

Reference Frame | Mesh Motion ~ Source Terms | Fixed Values |

Energy [ source | Edit... |

| ok | |cancel| | Help |




WSSl Cell Zone Definition - Porous Media

* A porous zone is a special type of fluid zone = ==
— Enable Porous Zone option in the Fluid panel as
- P]Eessure loss in flfclgw determlined vié:\ user inputs e v) [Eat..]
of resistance coefficients to lumped parameter Fremellotn _ Shren Zone  Soure e
mOdeI < +'| POrous Zone o
Reference Frame| Hsshﬂ::’:\-:! Fan Z:na| Embedded LES| Reaction | Source _arl“1s| Fixed Va uss\ r1u:phasa|
Conical
C Used. tO mOdEI ﬂOW.th rough por.ous / Viscous Resistance (Inverse Absolute Permeability)
media and other uniformly distributed - = g
flow resistances Drecton2(Um2) (155 [coftan -]

— Packed beds
— Filter papers

Direction-3 (1/m2) [1.06 |cq stant -|

Inertial Resistance

m

Alternative Formulation

— Perforated plates recton-1 (/m) 22 [constatk -

— Flow distributors Drecton-2 (1/m) (3200 [constark -]

i Direction-3 (1/m) [ 2200 | constapte -
Tube banks \ _ 7

* Inputs are directional viscous and
inertial resistance coefficients

| ok | [cancel| | Help |
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WSS Porous Media

* Porous media can be used to model some _
flows where the geometry is too complex, | r‘ |
or has too many scales, to resolve with a
grid

;;:/, Moisture

Separator

—= Moisture
Separator
= Levels

* Instead of including the geometric details,
their effects are accounted for numerically

- | -:: Silicon Carhid
through the use of loss coefficients patented Tray @/’ Slurry Spray
Promotes Gas/ Nozzle

| Slurry Contact

= :

/ Vi

'.//’////, 7 ' ﬂ

) 35N Patented Alloy
£2) ) Perforated Tray
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WS4 Porous Media Inputs

* Fluid Porosity
— The local ratio of the volume of fluid to the total physical
volume

Wil
|

» Superficial Velocity

— By default ANSYS Fluent calculates the superficial
velocity based on volumetric flow rate

— ANSYS Fluent allows the calculation of the physical
velocity using the Porous Formulation

Vsu perficial

A
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=@ Setup
Gener.

(]88 Models
-5 Materials
=8=

L@ fluid (fluid)

= §5 Selution

J+ Boundary Conditions

Gell Zone Conditions

Zone

H Copy... HProﬂbes... \

| Parameters... | |operating conditons...|

Porous Formulation
Q@) superficial Velocity
Physical Velocity



Directional Losses

Different losses can be defined for the streamwise
and transverse directions

* Honeycombs and Porous plates

— For an isotropic porous medium such as a packed
bed, the same value can be applied in all three
directions

* Losses are applied using Darcy’s Law

— Permeability and Loss Coefficients

—dp yZ £
= U +K — |UU.
dx. T 2 ‘U‘ '

i perm

loss

— Viscous Resistance input is (1/K,.,,) in the equation

— Inertial Resistance input is K., in the equation

33 © 2015 ANSYS, Inc.
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WA Porous Media Loss Coefficients

[ Fiuic

Zone Name
| fluid
Material Name | ater-iquid = | [Edit...]
Frame Motion || 3D Fan Zone || Source Terms
Mesh Motion Laminar Zone || Fixed Values
| Porous Zone
Reference Frame| Mesh Motion Porous Zone ‘ 3D Fan Zone| Embedded LES| Reaction| Source Terms| Fixed Values| Muitiphase
Conical
7 a
I Viscous Resistance (Inverse Absolute Permeability’)
Direction-1 (1/m2) | 5149770 |constant ~|
Direction-2 (1/m2) [ 514770 |constant ~|
Direction-3 (1/m2) [ 5145770 | constant M
I Inertial Resistance I =
Alternative Formulation
Direction-1 (1/m) ‘ 63 |con5tant V‘
Direction-2 (1/m) ‘ 63 |con5tant V‘
Direction-3 (1/m) ‘ 63 |constant "
Power Law Model i

[ ok | [cancel| | Hep |
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XY@ Profile Data and Solution Data Interpolation

* Fluent allows interpolation of selected variable

34

data on both face zones and cell zones by using
profile files and data interpolation files,
respectively.

— For example, a velocity profile from experimental data

or previous Fluent run at an inlet, or a solution
interpolated from a coarse mesh to fine mesh.

Profile files are data files which contain point data
for selected variables on particular face zones, and
can be both written and read in a Fluent session.

File > Write > Profile
File > Read > Profile

Similarly, interpolation files contain discrete data
for selected field variables on particular cell zones
to be written and read into Fluent.

File > Interpolate

Options
(&) Define New Profiles

Surfaces

() Wirite Currently Defined Profiles

[E = values FE

default-interior 026
default-interior:027
default-interior; 023
default-interior:029
inlet

line-cross

poink-rnonitar
symm-board-1
symm-board-2
symm-chip
symm-chip:001
symm-chip: 020
symm-duct-1
symm-duct-2
wall
wall-board-bottom
wall-chip-board

ling-xwss

Options Fi 8E
[: () Read and Interpolate
(%) wirite Daka

# || || Skatic Pressure ~
Pressure Coefficient

Crynamic Pressure

|Absolute Pressure

IRelative Tokal Pressure
Density
Density Al

gritude

'
Radial Velocity
Tangential Yelocity
Relative Yelocity Magnitude

Relative ¥ Yelocity

&4 R |nterpolate Data E
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E- Setup
= General

BS Models

& Materials

jr & Cell Zone Conditions

EIN o Conens

J¥ default-interior (interior

J© inlet. 1 (velocity-inlet)

P inlet.2 (velocity-inket)
e inket.3 (velocity-inlet)
% outlet.1 (outflow)

L. J£ wal-group.1 (wal)

B/ Dynamic Mesh

& Reference Values

&g Solution

Q5 Solution Methods

47 Solution Controls
Monitors

3, Solution Initialization

A Calculation Activities

=} Run Calculation

—-@ Results

[-§9 Graphics

-] Animations

e |5, Piots

F-gj Reports

Profile Boundary Conditions

Boundary Conditions

Zone

default-interior
inlet. 1

inlet.3
outlet.1
wal-group.1

Type
mixture ~ | | velocity-inlet -

| Edit... ‘ ‘ Copy...
[ Parameters... | [operatind"COTNOES

Display Mesh... | | Periodic Conditions

Highlight Zone

E Velocity Inlet :
Zone Name
| inlet.1
Momentum | Thermal | Radiation | Species| DPM | Muliphase| uDs |
Velocity Specification Method | Magnitude, Normal to Boundary - |
Reference Frame| Absolute
"
Velocity Magnitude (m/s) ‘ 5 [constant ']
constant
Supersonic/Initial Gauge Pressure (pascal) | g New Input Parameter.
inlet x
Turbulence inlet y

Specification Method |Intensiy and Hydraulic Dil'n inl?t . e

Turbulent Intensity (fra inlet x-velocity
inlet y-velocity

Hydraulic Diameter Wnlet z-velocity
1

‘ OK | |Cance|| | Help |

Select Profiles in the Boundary Conditions panel (left figure)

After reading the profile, open the panel for the boundary where it is to be applied

Select the arrow and scroll down in the drop-down list until the desired profile is reached (right figure)

— The first three items in the list will usually be the the coordinates of the profile variables — do not select these

Profiles can be created from experimental data by creating an appropriately formatted file

— The file format details are in the User’s Guide

© 2015 ANSYS, Inc.

February 13, 2015
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Velocity Inlet

Velocity Specification Method

36

Magnitude, Normal to Boundary
Components

Magnitude and Direction
Turbulence quantities (if applicable)
* Coveredin Day 2

Thermal conditions (if applicable)

* Coveredin Day 2

* Applies a uniform velocity profile at the boundary
unless UDF or profile is used

e Velocity Magnitude input can be negative, implying
that you can prescribe the exit velocity

Velocity inlets are intended for use in incompressible
flows and are not recommended for compressible
flows

© 2015 ANSYS, Inc. February 13, 2015 ANSYS Confidential

| Velocity Inlet (=230

Zone Name

| inlet

Momentum | Thermal | Radiation | Species| DPM | Multiphase | UDS |

Velocity Spedfication Method |Magnitude, Normal to Boundary A |
Reference Frame |Absolute - |
Velodty Magnitude (m/s) | 20 |constant '|
Supersonic/Initial Gauge Pressure (pascal) [ |constant v|
Turbulence
Spedification Method |Intensity and Viscosity Ratio hd |
Turbulent Intensity (%) [5 N
[
Turbulent Viscosity Ratio [ 15 -
)

| oK | |Cancel| |He||:| |




WSS Pressure Inlet

* Required inputs
— Gauge Total Pressure
— Supersonic / Initial Gauge Pressure

E Pressure Inlet @

Zone Name

| inlet-y

Momentum | Thermal | Radiation | Spedes | DPM | Multiphase | ups |

Reference Frame |Absolube - |

—_ Inlet flow direction Gauge Total Pressure (pascal) [151325 |constant—v|
— Turbulence quantities (if applicable) m—— ||g°°° ot '||
Direction Specification Methor Normal to Boundary —
— Total temperature (if heat transfer and/or = —
CompreSS|b|e) pecification Metho |1nbens::r::ﬂe:its§::eitns;i?i;;) ’57 -]
®
Turbulent Viscosity Ratio ,mi @
* Pressure inlet boundary is treated as a loss-
free transition from stagnation to inlet (o] [cancel] e ]
conditions oV2
* Fluent calculates the static pressure and Incompressible: Protal = Pstatic + ——
velocity at the inlet and the mass flux through 2 K
the boundary varies depending on the interior -1 -1
solution and specified flow direction Compressible: Protal.abs = Pstatic.abs (1 + TMz)
* Pressure inlets are suitable for both k-1
compressible and incompressible flows Tiotal.abs = Tstatic.abs (1 + M>
t] t] 2
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LNLWSYS§ Buoyancy

* Operating Density

— The Operating Density is used to avoid round-off errors by

solving at an offset level

— Similar to the use of the Operating Pressure to offset the
operating pressure of the domain, the Operating Density is
used to offset the hydrostatic pressure in the domain

* The pressure solution is relative to p,,g h, where h is

relative to the Reference Location

* If p,, = the fluid density (p), then the pressure field in the
solution is relative to the hydrostatic pressure, so when
visualizing Pressure you only see the pressure that is

driving the flow

— For a non-buoyant flow the numerical solution ignores the
hydrostatic pressure as it has no effect on fluid motion

* However, if necessary, hydrostatic pressure can be
accounted for in Fluent for gravity driven flow of a

constant density fluid

38 © 2015 ANSYS, Inc. February 13, 2015
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= Operating Conditions @
Pressure Gravity
Operating Pressure (pascal) /| Gravity
101325 A Gravitational Acceleration
Reference Pressure Location X mfs2) 0 )
®m) g _ ¥ (mfs2 )
® 2 o @
¥{m (o _ Z (mfs2
® 2 0,81 ®
Z(m) [p .
3] Boussinesg Parameters
Operating Temperature (k)
288.16 -
(]

Variable-Density Parameters

| Specified Operating Density
Operating Density (ka/m3)
| 1.225

[

| OK | |Cance|| |He|p |




e Consider the case of flow through a tank

39

The inlet is at 30 [psi] absolute

Buoyancy is included, therefore a hydrostatic pressure
gradient exists

The outlet pressure will be approximately
30 [psi] plus the hydrostatic pressure given by pg h

The flow field is driven by small dynamic pressure
changes

* NOT by the large hydrostatic pressure

To accurately resolve the small dynamic pressure
changes, we use the Operating Pressure and the
Operating Density to offset the hydrostatic pressure

Details presented in Lecture 8: Heat Transfer

© 2015 ANSYS, Inc. February 13, 2015 ANSYS Confidential

WS4l Pressure and Buoyancy Example

30 psi ( )
m— A\
Small pressure changes
drive the flow field in
the tank
h
~30 psi + p gh
——

_n_J
<

Gravity, g




ANSYS Mass Flow Inlet

Required inputs
— Mass Flow Rate or Mass Flux

— Supersonic/Initial Gauge Pressure

* Static pressure where flow is
locally supersonic; ignored if subsonic

*  Will be used if flow field is initialized from this boundary

— Total Temperature (on Thermal tab)
* Used as static temperature for incompressible flow

Direction Specification Method

* Total pressure adjusts to accommodate mass flow
inputs
* More difficult to converge than Pressure Inlet

* Mass flow inlets are intended for compressible

40

flows; however, they can be used for
incompressible flows

E Mass-Flow Inlet

Zone Name

| inlet-z

Momentum | Thermal | Radiation | Spedes | DPM | Multiphase | uDs |

Reference Frame |Abso|ute

Mass Flow Spedfication Method |Mass Flow Rate

Mass Flow Rate (ka/fs) | 1.54 |constant

Supersonic/Initial Gauge Pressure {pascal) [ |congtant

Direction Spedification Method |Direch‘on Vector

Coordinate System |Cartesian oY, 2)

X-Component of Flow Direction ’1— | constant

Y-Compenent of Flow Direction 5 | constant

Z-Component of Flow Direction ’D— | constant

Turbulence

Spedification Method |Intensity and Viscosity Ratio

Turbulent Intensity (%) [g
Turbulent Viscosity Ratio [ g

| O | |Cance|| |Help |
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WSS Pressure Outlet

C REQUifEd inputs 2 Pressure Outlet @

— Gauge Pressure (static) — static pressure of the Tz:z::me
environment into which the flow exits

» Specified pressure is ignored if flow is locally supersonic

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

at the Outlet Gauge Pressure (pascal) ’D— |constant v|
AL | Backflow Direction Specification MEH"DleormaImBoundary v|
I BaCkﬂOW quantltles i Used as Inlet Radial Equilibrium Pressure Distribution
conditions if/when backflow occurs Average Pressure Spedfication
(outlet acts like an inlet) A2 = F':"";j: o ) | |
arget Mass Flow (KQ/5) | 1 05 constant -
P " i Upper Limit of Absolute Pressure (pascal) ’W |constant v|
* Can be used as a “free” boundary in an external or s Lt of bl Fresere (oses)
unconfined flow : [constnt 7]
. : Turbulence
* Target Mass Flow Rate Option can be applied Speccation ethod ey =
— Not available for multiphase problems SackfouTubdent ntenaty OO [5——————
. . . ° Backflow Turbulent Viscosity Ratio ’— _
e Suitable for compressible and incompressible ° @

flows
— Non-reflecting outlet boundary conditions (NRBC) are

| ok | |cancel| | Help |

available for ideal gas (compressible) flow
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LWV 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

E Cutflow @
Zone Mame
|Duﬂet
Flow Rate Weighting | 1 _
(F)

| oK | |Cancel| |HEI|:| |

Limitations :

— Cannot be used with a pressure inlet boundary
* must use velocity-inlet

* Combination does not uniquely set pressure gradient over whole domain
— Cannot be used for unsteady flows with variable density

42

The outflow boundary is intended for use with incompressible
flows

Poor rate of convergence when backflow occurs during iterations

— Cannot be used if backflow is expected in the final solution
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Wall Boundaries

* In viscous flows, no-slip conditions are applied
at walls

NANSYS

— Shear stress can be applied
— Wall roughness can be defined for turbulent flows
* Modification of the Logarithmic Standard Wall Function

* Wall thermal boundary conditions described in
Lecture 08 "Heat Transfer"

43 © 2015 ANSYS, Inc. February 13, 2015

B wall

Zone Name

| wall_upstream

Adjacent Cell Zone
| fiuid

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

Wall Motion Motion
@) Stationary Wal Relative to Adjacent Cell Zone
Mowing Wall

Shear Condition

@ No Slip
Specified Shear
Specularity Coeffident

Marangoni Stress

Wall Roughness

Roughness Height {m) | 0 |constant hd |

Roughness Constant | 0.5 ||:|jnstant - |

| OK | |Cancel| |He|p |
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WSS  Axis Boundaries

* An axis boundary is used at the center line for 2d axisymmetric problems
— Does not apply in 3d cases

* No user inputs required

* Fluent requires any axis boundary to be located at y=0

— Solution will diverge immediately if this condition is not satisfied
— If necessary, use Grid > Translate to reposition the mesh so the axis is at y=0

Axis
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WSSl Other Inlet / Outlet Boundary Conditions

* Pressure Far Field

— Used to model free-stream compressible flow at infinity, with prescribed static conditions and
the free-stream Mach number

— Available only when density is calculated using the ideal gas law
* Exhaust Fan / Outlet Vent

— Models an external exhaust fan or outlet vent with specified pressure rise/loss coefficient and
ambient discharge pressure and temperature

* Inlet Vent / Intake Fan

— Models an inlet vent / external intake fan with specified loss coefficient / pressure rise, flow
direction and ambient inlet pressure and temperature

45 © 2015 ANSYS, Inc. February 13, 2015 ANSYS Confidential



WSSl Modeling Multiple Exits

* Flows with multiple exits can be modeled using pressure outlet or
outflow boundaries, depending on the information you know

— Pressure outlets: requires knowledge of downstream pressures; Fluent calculates
the fraction of total flow through each branch

Velocity inlet (V, Ty)

OR — T

Pressure inlet (py, To)

— Pressure outlet

— Pressure outlet

— Outflow:
* Mass flow rate fraction determined from Flow Rate Weighting (FRW, varies
fromOto1l) by ™M _ FRW

mtotal a Zi FRW;
 Static pressure varies among exits to accommodate the prescribed flow
distribution = Outflow (FRW,)

Velocity inlet (V, T;) ——s

— Outflow (FRW,)
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WSS Periodic Boundaries

 Used to reduce the overall mesh size & periodic =

Zone Name
| periodic

* Flow field and geometry must contain

Periodic Type

either rotational or translational periodicity o
— Rotational periodicity o] (el (o]

* AP =0 across periodic planes.

* Axis of rotation must be defined in fluid zone Rotationally periodic planes>__
— Translational periodicity \ﬂ

* AP can be finite across periodic planes
* Models fully developed conditions

* Specify either mean AP per period Flow
or net mass flow rate 1y

" Translationally
periodic planes

* Periodic boundaries can be either
conformal or non-conformal

— See next two slides

2D Tube Heat Exchanger
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Y8 a@ Non-conformal Periodic Boundary Conditions

* Fluent permits the use of non-conformal
rotationally periodic BCs

* Non-conformal periodics do not require a

matching mesh on the boundaries

— Coupling of the periodic zones is
accomplished using the same algorithms
employed in non-conformal interfaces

* Non-conformal periodic can now be
created in the Create/Edit Mesh
Interfaces GUI!

— Select Periodic Boundary Condition option

and choose the Type (Translational or
Rotational)

Interface Options
+| Periodic Boundary Condition

iodic Repeats
Coupled Wall
Matching
Mapped

Periodic Boundary Condition

| non-conformak-interface-1-sidel-wal-inte

Boundary Zone 2 Interface Wal Zone 2

| non-conformakinterface-1-side2-wal-inte

Interface Interior Zone

‘ non-conformal-interface-1-periodic

Type Offset
@) Translational | | X (m)[q
Rotational

| Auto Compute Offset

Enable Local Tolerance

——

Local Edge Length Factor

Y (m) [ 20

3 create/Edit Mesh Interfaces @
Mesh Interface Interface Zone 1 Interface Zone 2
‘ non-conformal-interface-1 | interface-5 ‘ interface-6
Bl EHER =ERE
interface-5
interface-6
Boundary Zone 1 Interface Wal Zone 1

— Offset is computed automatically, but check

this value to make sure it is evenly divisible

into 360 deg!

48 © 2015 ANSYS, Inc. February 13, 2015

ANSYS Confidential




WSSl Conformal Periodic Boundary Conditions

49

Conformal periodic BCs in Fluent require that the
boundary face mesh elements match one-for-one
on the periodic boundary

Rotationally periodic BCs rely on the rotational
axis specification to transfer information correctly

Rotationally periodic boundaries can be used in
moving reference frame problems to reduce
mesh size provided both the geometry and flow
are periodic

Notes:

— If you are using the make-periodic
command in the TUI, make sure you set the
rotational axis in the Fluid BC panel first before
creating the periodic BCs

— Once the periodic BCs have been set, perform a
mesh check to see if the reported periodic
angles are correct

[E& eckardt_comp Fluent@LEBBBELL764.win.ansys.com [3d, dp, dbns imp, S-A] =N EoR =<~
File Mesh Define Solve Adapt Surface Display Report Parallel View Turbo Help
vl -@OE¢rQA/ /(@A MA-O-mE-w-
5@, Set
> - .-
B Periodic &2 kind
Zone Name cell
Y face
| periodic-wal-1 face
face
Periodic Type face
face
Translational face
Q) Rotational face
face
face

eports
& Parameters & Customization

Periodic Pressure Jump (atm) [ o _
3}
N [P

| OK | |Cancel| \ Help |

YgrCouruITETe T W =
z-coordinate: min (m) = 3 63787?9 02 max (m) = 2 0807169 01
Uolume statistics:
minimum volume (m3): 1.821033e-09
maximum volume (m3): 1.295778e-07
total volume (m3): 6.728281e-04
Face area statistics:
minimum face area (m2): 3.277235e-07
maximum face area (m2): 7.249250e-05
Checking mesh..........................

Periodic zone 17: average rotation angle (deg) = 18.000 (17.998 to 18.002)

stored zone rotation angle (deg) = 17.999

stored axis |, (1. 00, 00,

0. W)

stored orlgln (®.

00 G
Periodic zone 3: average rotation angle (deg) 18.000 (17 991 ta 18. 913)

stored zone rotation angle (deg) = 17.999
stored axis (1. 00, 0. 00, 0. 00)
stored origin, (9. , 0. , 8. )

Done.
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LWV'SN4AE Internal Face Boundaries

50

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

— Porous-jump models
* Preferable over porous media for its better convergence behavior

— Interior walls
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ISl Specifying Well Posed Boundary Conditions

* Turbulence at an Inlet:

51

If you have no idea, use the default settings:

— Turbulent Intensity = 5%

— Turbulent Viscosity Ratio = 10

Typically, turbulence intensities range from 1% to 5% but will depend on your specific application.
The values given above are sufficient for nominal turbulence through a circular inlet, and are good

estimates in the absence of experimental data

For situations where turbulence is generated by wall friction, consider extending the domain
upstream to allow the walls to generate turbulence and the flow profiles to become developed

Addressed in Lecture 7: Turbulence
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