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NWSSE 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 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

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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WSS Material Properties

* FLUENT provides a standard
database of materials and the
ability to create a custom
user-defined database

* Your choice of physical models
may require multiple materials
and dictate which material
properties must be defined

— Multiphase (multiple materials)

— Combustion (multiple species)

— Heat transfer (thermal conductivity)
— Radiation (emissivity and absorptivity)

* Select Materials in the Project Setup tree
* Or Define —» Materials... in the Menu bar

® Create/Edit Materials

Mame

| air

Chemical Formula

Properties

Material Type
fluid

fluid
solid FLUENT Database...

Order Materials by
Evs @' Name
() chemical Formula

User-Defined Database...

Density (ka/m3)

constant

|1.225

Cp (Specific Heat) (j/kg+) constant

| 100643

Thermal Canductivity (wim-k) [

|n.0242

| 1.7834e-05

A

[ Change/Create ] [

Delete

J

Close

J [_reb ]

* Material properties can be customized as function of temperature, mass fraction or

pressure (density)

— Use of other solution variable(s) requires a User-Defined Function (UDF)

> Introduction > Material Properties >
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NWSCE Materials Databases

4

FLUENT materials database

— Provides access to a number
of pre-defined fluid, solid and
mixture materials

— Materials can be copied to
the case file and edited if
required

User-Defined material database

— Custom databases can be created, accessed
and modified from the standard materials
panel in FLUENT

& Create/Edit Materials @

Marne Order Materials by

o || ®1Name
C' Cherical Formula

Material Type
fFluid

| air

Chernical Formula FLUEMT Fluid Materials

| s | [ FLUENT Database...
User-Defined Database...
Properties
] A
ey () constant w
| 1.225
Cp (Specific Heat) {jlkg-k) canstant 3

! FLUENT Database Materials X

Thermal Conduchl 5 JENT Fluid Materials (Bl [=] Material Type
nitro-methylene th2cnoz) || | Fluid b
nitro-silane (hasin
visco n?trogen-d?hy_dride (nhz}
nitrogen-dioxide {no2}
nitrogen-dioxide- {noz-)
nitrmmen-ineesmenomonnFh ovids (oFa A
b4
Properties
] ~
ey () conskant b
|1.138
O (e (est) (et piecewise-polynomial w
Thermal Conductivity {wfm-k) constant 3
|0.0242
Wiscosity (kgfm-s) constant 3
|1.663e-05
v
[ Copy ] [Close ] [ Help ]

> Introduction > Material Properties >
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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 Pyyerating ClOSe to the mean pressure in the problem =» see Slide 8

— Compressible flow, p = f(p,T)

* Use ideal-gas for density (p = p,,coute/RT)

— For low-Mach-number flows, set p, . 4, 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)

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Fluid Density — Additional Options

* Real gas properties
— Redlich-Kwong (gas and supercritical fluid regimes)
— Aungier-Redlich-Kwong (gas and supercritical fluid regimes)
— Soave-Redlich-Kwong (gas and supercritical fluid regimes)
— Peng-Robinson model (gas and supercritical fluid regimes)
— NIST properties
* TUI : define/user-defined/real-gas-models
* Liquid, gas and supercritical fluid regimes
— But not applicable when temperature and pressure are such that the
fluid state falls inside the vapor dome
* Compressible liquids
— The density variation is specified by a user-defined density function
e See User’s Guide for details

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Options for Defining Common Properties

Density Viscosity

— Constant — Constant
—Incompressible Ideal Gas —Temperature Dependent?
—|ldeal Gas —Sutherland

— Real Gas (5 Built-in Models) — Power Law
—Temperature Dependent?! — Kinetic Theory
—Boussinesq — Non-Newtonian (4 Built-in Models)
— User-defined — User-defined

Thermal Conductivity Specific Heat

—Constant — Constant

—Temperature Dependent?! —Temperature Dependent?
— Kinetic Theory — User-defined

— User-defined

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

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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WSS Operating Pressure

8

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

P P

operating

+P

absolute = 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

Pref
Pressure Pressure ™= - el

Prel,max=100,001 Pa Prol,max=1 Pa
Prel,min=99,999 Pa Pretmin=-1 Pa
Pref
EX. 1: Pyperating= 0 Pa EX. 2: Pyperating= 100,000 Pa

Problem Setup Cell Zone Conditions
General TS
Models Fluid, 1
Materials

[ynamic Mesh
Reference Walues

Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Caloulation

Resuls
Graphics and Animations Type 1
Plots Fhaid w
Reports

Pressure Gravity
Operating Pressure {pascal) Gravity
101325 7 ravitational Acceleration
RefererMmggessure Location X (mfs2) [ |

% (m) g o ¥ (mjs2) ’70 _

4 i

T(m o o ZmfED) [5a: -

z(m _ =
° ) Boussinesq Parameters

(=l

Operating Temperature (k)
288.16 7l

Variable-Density Parameters

Specified Operating Density
Operating Density {kg/m3)

1,225 —
]

> Introduction > Material Properties > Cell Zone Conditions >

Boundary Conditions > Summary >

© 2011 ANSYS, Inc. January 19, 2012

Release 14.0



WSS Cell Zones and Boundary Zones

* The mesh consists of a large number of Sf——F——F
finite volumes, or cells [~ %
%
* The cells are grouped into one or more 1)

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

Boundary
Face

* Each cell is bounded by a number of faces
Simple 3D mesh

* These faces are grouped into a number of

face zones Cell zone conditions are

* Some of these faces are located on the applied to all cell zones
boundaries of the model

Boundary conditions are
* The zones to which such faces belong are applied to all boundary zones
called boundary zones

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Opening the Cell Zone Conditions Panel

* In the Problem Setup tree, select Cell ........ Cell Zone Conditions
Zone Conditions Generd Tone
odels
Materials clid-1
* Alist of all cell zones will appear | [

* Select the zone of interest and click

Cryrarnic Mesh

Ed it Reference Values

Salution

Solution Methods
Solution Conkrols
Manitars

Solution Inikializakion
Calculation Activities
Run Calculation

Results
Graphics and Animations Tvpe 1D

Ploks Fhaid W (&
Reporks = -
1’ [ Copy... ][F‘ru:uFiIes... ]

Parameters. .. [Dperating Conditions. . ]

Display Mesh, ..
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WSS 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 Heateln

Inflow

e.g. A simulation of a copper heating coil in water e.g. To account for rotational motion, the rotor is

will require a fluid zone and a solid zone Using placed in a rotating domain. The rotor fluid zone
water properties, the equations of flow and heat will use equations in the rotating frame of
transfer will be solved in the fluid zone Using reference. The stator fluid zone will use

copper properties, only the heat transfer equation equations in the stationary frame of reference
will be solved in the solid zone

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Cell Zone Definition — Fluid

* Fluid material selection is required

— For multiple species or multiphase T;:fd[“ame
flows, the matgrlal is not shpwn T ~=
|nSteadI the fll-“d Zone C0n5|StS Of the DFrameMDh’on DLaminar Zone DSDLII’EETEI’I‘HS
mixture of the phases Lt [JFived Vaes

Reference Frame l Mesh Moﬁonl Porous Zone] Embedded LES] React’onl Source Terms | Fixed Values | Multiphase

Rotation-Axis Origin Rotation-Axis Direction

. . X(m) g constant - X constant v
* Optional inputs
¥ {m) ’07 constant b ¥

. i} constant W
- Frame/MeSh MOtlon Z(m) g constant R 7 constant A"
— Porous region
— Source terms

— Laminar region

— Fixed Values

[ oK ] [Cancel] [Help ]

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Cell Zone Definition - Porous Media

* A porous zone is a special type of fluid zone
— Enable Porous Zone option in the Fluid panel

— Pressure loss in flow determined via user inputs
of resistance coefficients to lumped parameter model

* Used to model flow through porous
media and other uniformly distributed et
flow resistances ’
— Packed beds
— Filter papers

~

— Perforated plates
— Flow distributors
— Tube banks

* Inputs are directional viscous and
inertial resistance coefficients

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Cell Zones Definition — Solid

* A solid zone is a group of cells for which only the heat
conduction equation is solved. Flow equations are not solved

= Solid
— The only required input is the Material Name TN
solid
(defined in the Materials panel) N C—— =

|:| Frame Motion Source Terms |:| Participates In Radiation
[Imesh Motion [ ] Fixed Values

—_— Optional inputs a”ow you to set Ref‘erenceFrame] Mesh Motion SDUFCETEFmS]FixedVaIues]
volumetric heat generation rate Ererey () [ corce G ©

(Heat source)

— Motion can be defined for a solid zone v

— Rotation axis must be specified if the solid
zone is rotating or if rotationally periodic
boundaries are adjacent to the solid zone

[ oK ] [Cancel] [Help ]

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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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

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Defining Boundary Conditions

* Defining boundary conditions involves:
— Identifying types (e.g., inlets, walls, symmetry)
— Identifying location

— Supplying required data depending on type, location and physical
model

* Choice depends on:
— Geometry
— Availability of data
— Numerical considerations

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Available Boundary Condition Types

* External Boundaries * |nternal Boundaries

General -
* Pressure Inlet —
* Pressure Outlet -

Incompressible
* Velocity Inlet
*  Outflow (not recommended)

Compressible
* Mass Flow Inlet
*  Pressure Far Field

Other

* Wall

*  Symmetry
* Axis

* Periodic

Special
* Inlet / Outlet Vent
* Intake / Exhaust Fan

Fan

Interior
Porous Jump
Radiator

Wall outlet

orifice

wall \\

plate
plate-shadow

inlet

> Introduction > Material Properties >

Cell Zone Conditions > Boundary Conditions > Summary >
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Changing Boundary Condition Types

* Zones and zone types are initially Problem Setup Boundary Conditions
defined in the preprocessing phase cererl e
Materials default-interior: 005
defaulk-interior:010
el Zone Conditions inle:: t
e e youndary Conditions outle
* To change the boundary condition type plats

Crynaric Mesh

for a zone.: Reference Values -|arn
. . Solution
— Choose the zone name in the Zone list cclution Methods
0 . . Solution Conkrol
— Select the type you wish to change it to in the ontars

Type pull-down list Solution Initilization

Calculation Activities
Run Calculation

Resulks

;araphics and Animations Type
Ploks waall v | |[looz1

Reports ais
Edit... r

exhaust-fan
Parameters... Eh

BB |

inlet-vent
intake-Fan

- interface

Display Mesh... rnass-Flow-inlek
akFlow
ouklet-vent

Help pressure-far-field
pressure-inlet
pressure-autlet
syrmmekry

welocity-inlet
[T E—

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Setting Boundary Condition Data

* Explicitly assign data in BC panels Problem Setup Boundary Conditions
General B
— To set boundary conditions for particular zone: Hosels e
aterials default-interiar; 003

default-interior: 010
inlet
outlet

* Select Boundary Conditions in the project tree
* Choose the boundary name in the Zone list e o
« Click the Edit... button o tohes | oy donretean

Solution
Solution Methods

— Boundary condition data can be copied from one zone to o contros

an Ot h er ;qccuiz::tizrnslnitializatinn
Calculation Activities
Run Calculation
Results
* Boundary conditions can also be defined by S o W[
User-Defined Functions (UDFs) and profiles o q - ;]Dcw.. o]
_ 9 . ameker Operating Conditions. .. ]
Profiles can be generated by:
e Writing a profile from another CFD simulation
* Creating an appropriately formatted text file

with boundary condition data
* See Lecture 11 for details of UDFs
* See Appendix for details of using profiles

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Velocity Inlet

* Velocity Specification Method

— Magnitude, Normal to Boundary

— Components

— Magnitude and Direction

— Turbulence quantities (if applicable)
* Covered in Day 2

— Thermal conditions (if applicable)
* Covered in Day 2

= Velocity Inlet

Zone Name

| inlet_face

Momentum ]Thermal] Radiaﬁon] Species] DFM ] Mulﬁphase] ups ]

Velocity Spedfication Method | pagnitude, Normal to Boundary

Reference Frame | gpeolte

Velocity Magnitude (m/s) 5 constant

Supersonic/Initial Gauge Pressure {pascal) [ constant

Turbulence

Specification Method | 1tensity and Length Scale
Turbulent Intensity (%) |15

Turbulent Length Scale (m) 51

11 ([

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

* 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

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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NWSCHE Pressure Inlet

21

Required inputs

— Gauge Total Pressure

— Supersonic / Initial Gauge Pressure

— Inlet flow direction

— Turbulence quantities (if applicable)

— Total temperature (if heat transfer and/or compressible)

e Pressure inlet boundary is treated as a loss-free
transition from stagnation to inlet conditions

» FLUENT calculates the static pressure and velocity at the
inlet and the mass flux through the boundary varies
depending on the interior solution and specified flow

direction

= Pressure Inlet

Zone Name

| inlet_face

Momentum ]Thermal] Radiaﬁon] Species] DPM ] Mulﬁphase] ups ]
Reference Frame | gpeote

Gauge Total Pressure {pascal) 11325 constant
Supersonic/Initial Gauge Pressure {pascal) a000] constant

Direction Spedification Method | yarmal to Boundary
Turbulence
Specification Method | 1ntensity and Length Scale
Turbulent Intensity (%) |15

Turbulent Length Scale (m) [5 1

Pressure inlets are suitable for both Incompressible: Pioa = Pstaiic + —

compressible and incompressible flows

Compressible:

pVv?

kK—1 5} 5T
Ptotal,abs = Pstatic,abs (1 + > M )

k—1
Ttotal,abs = Tstatic,abs 1+ TM

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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NWSCE Mass Flow Inlet

* Required information

| welocity-inlet-5

— Mass Flow Rate or Mass Flux

Marnenkum l Thermal] Radiation] Species] DPM ] Multiphase] oS ]

— Supersonic/Initial Gauge Pressure e e -
) Statlc preSsure Where ﬂow |S Mass Flow Specification Method Mass Flow Rate 3
locally supersonic; ignored if subsonic s ronfan (68 154 constert .
. . . . o . Supersonic/Initial Gauge Pressure (pascal) [ o e —t 3
*  Will be used if flow field is initialized from this boundary recton specfieaton Mthod
Irechion eCircation Metno Direction Weckor LY
— Total Temperature (on Thermal tab) Coordnate System | canesin (, ¥, 2 4
. ) ) #-Component of Flow Direction [y conskant v
* Used as static temperature for incompressible flow Component o Flom Diect
-Component of Flow Direction ’D— canskark v
— Direction Specification Method 2-Componentof Fow Drection [5 | constan v
Turbulence
Spedification Methad Intensity and Hydraulic Diameter w
 Total pressure adjusts to accommodate et GO

Hydraulic Diameter (in} [ 4

mass flow inputs
* More difficult to converge than Pressure Inlet

[ ok [Cancel] [Help ]

* Mass flow inlets are intended for compressible flows; however, they can
be used for incompressible flows

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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NWSCHE Pressure Outlet

* Required information

| outlet

— Gauge Pressure (static) — static pressure of the
Momentum | Thermal | Radiation | Species| oM | muliphase | uDs |

environment into which the flow exits

Gauge Pressure (pascal) [ constant -

. S peCifi ed p ressure is ig no red if fl oW is Ioca | Iy Backflow Direction Specification Method | piection vector W
. Coordinate System Cartesian (¥, ¥, Z) w

su p ersonic at th e ou t I et %-Companent of Flow Direction |1— constant b
f-Component of Flow Direction |[g constant W

— Backflow quantities — Used as inlet e [
o ) amponent ol Ow Lirection conskanl hd
Condltlons If/When baCkflow occu rs [CRadial Equilibriurn Pressure Distribution
(outlet acts like an inlet) A erstttes Fow e

Target Mass Flow (kg,l's)ll— p——— v
Upper Limit of &bsolute Pressure {pascall [5naon0n p—— 3
e Can be used as a “free” boundary :wbl“”h'”‘p”ll— constant g
in an external or unconfined flow Specfication Methed G e v
* Target Mass Flow Rate Option can be applied BkﬂHYdmtﬂ(j jﬂ

[ oK ] [Cancel] [Help ]

* Suitable for compressible and incompressible flows

— For ideal gas (compressible) flow, non-reflecting outlet boundary conditions
(NRBC) are available with Density-Based Coupled solvers

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Outflow

* No pressure or velocity information is required

— Data at exit plane is extrapolated from interior Zane Name

| autlet

— Mass balance correction is applied at boundary

ey o~ Flow R.ake Weighting
— Flow exiting outflow boundary exhibits zero normal E

diffusive flux for all flow variables ok | [cancel] [k |
* Appropriate where the exit flow is fully developed

* 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

* 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

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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NWSSE Wall Boundaries

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

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

Zone Name

| inlet_face

Adjacent Cell Zone
| block1

Momentum ]Thermall Radiation] Species] DPM ] Multiphase] ups ]

Wall Mation Motion

(%) Stationary Wall
) Moving Wall

Shear Condition

(&) Mo Slip
() Specified Shear

() Marangoni Stress

Wall Roughness

Roughness Height {m) ’D— constant v
Roughness Constant [ 5 constant b

[ OK ] [Cancel] [Help ]

* More information in moving zone and heat transfer presentation

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Symmetry and Axis Boundaries

* Symmetry Boundary A Symmetry

Zone Mame

— No inputs are required
symmetry

— Flow field and geometry must be symmetric:
* Zero normal velocity at symmetry plane
* Zero normal gradients of all variables at symmetry plane
* Must take care to correctly define symmetry boundary locations LT

[ QK ] [Cancel] [Help ]

Symmetry
Planes

* Axis Boundary
— Used at the center line for 2d axisymmetric problems
— No user inputs required

— The axis boundary must coincide
with the x-axis

AXis

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Case Setup Replication

* To replicate a case setup:
— Open the actual case file and go to File/Read/Mesh
* Choose the option : Replace Mesh

& Read Mesh Options

Options

() Discard Case, Read Mew Mesh
(%) Replace Mesh

[ ] 5how Scale Mesh Panel after Replacing Mesh

[Cl:untinue...] [ Cancel ] [

— You can transfer settings from a 2D case to a 3D case!

A
outlet-2

outlet-1y

N ATAN AT AT
m.‘rAuuuuﬂﬂﬂﬂn‘.g:"\‘;?‘
TATLPAVARAVATAVATT ATty
BAVAVAVAVAVA'AQ,‘uﬂiG%
TATAT AT AR AT AN Lt
AT AT AN AV AV AV AN a5
AT AT AT AT AV AYAVANA PG
AT AT AN AT ATV AV A ATAYAAN e
N TATATAVAVAVANAVAVAVAYATAYL,
AT AT AV A AVANAVAAVATAYAY
A AN AT AVAVAVAYATATA
T ATAVAVAVAVAVAVAYA VAR
YA AV TA YA AT
vl

! %'SE‘»
AVAYANE S
HARA AT

5 i
RN o

P

5

; VAVAY

Yo, rar T

e

LA ATATANATATT i
AN

outlet-1

Actual 3D Flow Domain

2D Flow Domain (approximation)

The text user interface (TUl) commands /file/write-settings and /file/read-

settings can also be used for the same purpose (see Appendix)
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WSS General Guidelines

* 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

* 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

— Introduction of an error

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Specifying Well Posed Boundary Conditions

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

* Three possible approaches ]
in locating inlet boundaries: @

1 Upstream of manifold

* Can use uniform profiles
since natural profiles will
develop in the supply pipes

* Requires more elements @

* Requires accurate velocity j )i
profile data for the air and —
fuel

3 Nozzle outlet plane

Nozzle!

* Requires accurate velocity @ Manifold bo;;'
profile data and accurate Y : '
profile data for the mixture T

fractions of air and fuel
Fuel

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Specifying Well Posed Boundary Conditions

* Boundaries near recirculation zones

— Ideal 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

- — . ' Pressure Outlet
= - —- — V

— - B —

S S e :
e e

— Bad Location: Apply meaningful backflow conditions at pressure outlet for turbulence,
temperature, species, ... (difficult)

L/ Pressure Outlet
u
u

s
—_—

-

-—

—_—
T
T
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Specifying Well Posed Boundary Conditions

* When thereis 1 Inlet and 1 Outlet:

— Most Robust: Velocity at inlet with static pressure at outlet (Velocity Inlet :: Pressure Outlet)
 Theinlet 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

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Specifying Well Posed Boundary Conditions

®  Turbulence at Inlet:

— If you have no idea, you can use the following parameters:
*  Turbulence Intensity = 5%
* Eddy 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 to become developed

— Addressed in Lecture 7: Turbulence
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Specifying Well Posed Boundary Conditions

* Symmetry Plane and the Coanda Effect:
— Symmetric geometry does not necessarily mean symmetric flow

— Example: The Coanda effect. Above a certain Reynolds number, a jet entering at the
center of a symmetrical duct will tend to attach to one side wall

Jet Instability

Coanda effect -
Symmetry not allowed

VYYVVVVYVVYVYVY

\AAAAAAL

No Symmetry Plane With Symmetry Plane

Coanda Effect

-Coanda effect is the phenomenon in which a jet flow attaches itself to
a nearby surface

- The proximity of the surface to the jet restricts the entrainment in that
region. As flow accelerates, a pressure difference develops across
the jet to balance the momentum transfer and the jet is deflected
closer to the surface - eventually attaching to it

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Specifying Well Posed Boundary Conditions

* External Flow

— In general, if the building 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

1
1
I
1
1
1
I
e : 5H
1
I
1
1
1
]

AN

5
>

A
A\ 4

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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AWSESE Summary

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

— Options for porous media, laminar region, fixed value, etc.

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

— Many different boundary types exist for prescribing boundary
information

* Locations and types of boundary condition are extremely
important for good convergence and accurate results

> Introduction > Material Properties > Cell Zone Conditions > Boundary Conditions > Summary >
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Appendix
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WSS Auxiliary Operations

* The definition of material properties, boundary conditions and
cell zone conditions is a fundamental part of setting up any CFD
simulation in FLUENT

* There are some additional auxiliary operations that may be
generally very useful when setting up a simulation in FLUENT

— Polyhedral mesh conversion

— Text User Interface (TUI)

— Journal files

— Reading and writing data profiles
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Polyhedral Mesh Conversion

* A tetrahedral or hybrid grid can be converted to
polyhedra in the FLUENT GUI (not in ANSYS
Meshing).

— Generate a tetrahedral mesh then convert inside
FLUENT.

— Advantages

* Improved mesh quality.

* Can reduce cell count significantly.

* User has control of the conversion process.
— Disadvantages:

* Cannot be adapted or converted again.

* Cannot use tools such as smooth, swap, merge and extrude
to modify the mesh.

* Two conversion options are available in the Mesh
menu:

Mesh > Polyhedra > Convert Domain

— Convert all cells in the domain (except hex cells) to
polyhedra

* Cannot convert adapted meshes with hanging nodes

— Convert only highly skewed cells to polyhedra

Mesh > Polyhedra > Convert Skewed
Cells
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NWSCHE Text User Interface

* Most GUI commands have a corresponding TUl command.

— Press the Enter key to display the command set at the current level.

— g moves up one level.

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

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

— Some advanced = @O AR S, @AM O-

Commands are Only Problem Setup General

Mesh

. fGenerall
available through e o o

t h e T U | Cell Zone Conditions Digiay
.

Boundary Conditions Solver

Dynamic Mesh

Solution
Solution Methods

Solution Control; e

alution Controls (&) Steady
Manitors ) Tr it
Solution Initialization - frensen
Caloulation Activities [ eravity

Run Calculation

Results

* The TUI offers many

valuable benefits:
— Journal (text) files can
be constructed to
automate repetitive tasks.
— FLUENT can be run in
batch mode, with TUI

Type Velocity Formulation
Reference Values (#)Pressure-Based (%) Absolute
(O Density-Based O Relative

TUI d
Window

I
13.0)
Mesh Mov 30, 2010
AMEYES FLUENT 12.0 (3d, phns, lam)
~
/soluer
animate/ iterate
execute-commands/ monitors/
2 1 patch
/solver q
> define
/define>
materials/ profiles/
boundary-conditions/ mesh-interfaces/ solution-strategy/
custon—-field-functions/ mixing-planes/
dynamic-mesh/ models/
enable-mesh-morpher-optimizer? operating-conditions/  user-defined/
injections/ parameters/
/define>
v
<

journal scripts set to automate

the loading / modification / solver execution and postprocessing.

— Very complex models can be set using a spreadsheet to generate the TUl commands.
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Sample FLUENT Journal

* Ajournalfile is a text file which contains TUI commands which FLUENT will execute
sequentially.

* Note that the FLUENT TUI accepts abbreviations of the commands for example,

— rcd Reads case and data files
— wecd Writes case and data files

Sample Journal File | ; Read case file
rc example.cas.gz

; Initialize the solution
/solve/initialize/initialize-flow
; Calculate 50 iterations

TEE=S0)

; Write data file

wd example50.dat.gz
; Calculate another 50 iterations

Tt =50

; Write another data file
wd examplel(00.dat.gz

; Exit FLUENT

exit

yes
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Scaling the Mesh and Selecting Units

41

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

— If your model was not built in meters,
then it must be scaled.

— Always verify that the domain extents
are correct.

When importing a mesh under
Workbench, the mesh does not need
to be scaled; however, the units are
set to the default MKS system.

Any “mixed” units system can be used
if desired.

— By default, FLUENT uses the Sl system of
units (specifically, MKS system).

— Any units can be specified in the Set
Units panel, accessed from the top
menu.

© 2011 ANSYS, Inc. January 19, 2012

A& Scale Mesh

Domain Exkents

wmin |:ITIITI:| -29,49923 “max l:ITII'I'I:l 50,53

fmin {mm} 39 aga7g

Zmin ) [

mm

View Length Unit In

Scaling

@' Convert Units
(" Specify Scaling Fackors
Mesh Was Created In

max (mm] (51 o971

£max l:ITII'I'I:l 25,9772

11

[ Scale ][ Unscale ]

Quantities nits Set all ko
specific-heat A | [k dJefal
stefan-boltzmann-constant Efault
surface-density r
surface-tension f [I]
surFace-tensiDn-iradient
ternperakture-inverse Qs

termnperature-difference
thermal-conductiviey

thermal-resistivity
thermophoretic-diffusivity

kirne b’

Factor [
Offsat 275,15

[New...] [ Lisk ] [Clnse] [Help ]
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Reordering and Modifying the Grid

* The grid can be reordered so that neighboring cells are near each other in the
zones and in memory

— Improves efficiency of memory access and reduces the bandwidth of the
computation

— Reordering can be performed for the entire domain or specific cell zones.
Mesh > Reorder > Domain Mesh > Reorder > Zones

— The bandwidth of each partition in the grid can be printed for reference.
Mesh > Reorder > Domain

* The face/cell zones can also be modified by the following operations in the
Grid menu:

— Separation and merge of zones

— Fusing of cell zones with merge of duplicate faces and nodes
— Translate, rotate, reflect face or cell zones

— Extrusion of face zones to extend the domain

— Replace a cell zone with another or delete it

— Activate and Deactivate cell zones
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Profile Data and Solution Data Interpolatlon
* FLUENT allows interpolation of selected

variable data on both face zones and cell zones Ogj:ﬂnemewpmﬂles
by using profile files and data interpolation O e Currently Defined Profes
files, respectively. e Y
. . o default-interior: 027 Pressure Coefficient
— For example, a velocity profile from experimental | |afautricririczs Dynanic Pressure
data or previous FLUENT run at an inlet, or a et P —
solution interpolated from a coarse mesh to fine Density |
mesh. Sy owe s S
* Profile files are data files which contain point HEEE@; foal velocty
data for selected variables on particular face %ﬁﬂiﬂﬂitié é:gtt:'fl'ty:ﬁ;gtd
zones, and can be both written and read in a nalboard batton g [Ftve Y vekcty :
FLUENT session.
File > Write > Profile e
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

[Write...] [ Close ] [ Help ]
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Profile Boundary Conditions

44

& manifold FLUENT [3d, pbns, rke]
#=8 Mesh Define Solve Adapt Surface Display Report  Parallel  Wiew Help

5 @@

Problem Setup

General
Models
Materials

C
0

Dynamic Mesh

Reference Yalues
Solution

Solution Methods

Solution Controls

Monitars

Solution Initialization

Caleulation Activities

Run Calculation
Results

Graphics and Animations

Flats

Reports

Shae L QANE-O

Boundary Conditions

Zane

default-interior
inlet.1

inlet.2

inlek,3

outlet, 1
wall-group. 1

Type

inkerior w9

[ Edit. .. ] [ Copy... [Profiles... ]

[ Parameters... ] [Operating

Display Mash. ..

[Highlight Zone

D

& Velocity Inlet

Zane Mame
| inlet, 1

Mornerkurn lThermaIl Radiation] Speciesl DPM l Multiphase] oS l

Velocity Specification Method Magritude, Mormal to Boundary w

Reference Frame Ahsolute

Velocity Magnitude {m/f's) ‘

Supersonic/Initial Gauge Pressure (pascal) ‘ 0

Turbulence

Specification Method | 1o enivy and Hydraulic Di

Turbulent Inkensity (Fraction) | 0.0530507

Hydraulic Diameter {m) | 0.0z

inlet  welocity velocity-magnit

conskank
Mew Inpuk Pararmeter, .,

]

(=l

[ [0 ] [Cancel] [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
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LWWSEE Buoyancy

* Buoyancy Ref. Density

45

— The Buoyancy Reference Density is used to avoid round-
off errors by solving at an offset level

— The Reference Pressure is used to offset the operating
pressure of the domain, while the Buoyancy Reference
Density should be 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,.s = the fluid density (p), then the solution
becomes relative to the hydrostatic pressure, so when
visualizing Pressure you only see the pressure that is

driving the flow

— Absolute Pressure always includes both the hydrostatic

and reference pressures

P abs ~ P reference +P relative * IOref g h

— For a non-buoyant flow a hydrostatic pressure does not

exist

© 2011 ANSYS, Inc. January 19, 2012

%]

= Operating Conditions
Pressure Gravity

Operating Pressure (pascal) [¥] Gravity

101325 7 Gravitational Acceleration

B
Reference Pressure Location X(m/s2) g 7
X (m) g ¥ (mfs2) -
5 (ms2) [y —
A ]
¥ g Z (mfs2)
T mfs2) 551 _
A ]
Z(m) [ —
A Boussinesq Parame ters

Operating Temperature (k)
288.16 o

Variable-Density Parameters

Spedfied Operating Density
Operating Density (ka/m3)

1.225
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WSS Pressure and Buoyancy Example

46

Consider the case of flow through a tank 30 psi ( )

—4\

— 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

© 2011 ANSYS, Inc. January 19, 2012

Small pressure
changes drive the
flow field in the tank

h
;
\- ~ ~30 psi + pgh
Gravity, g
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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

* Target Mass Flow Rate option for pressure outlets

(not available for the multiphase models)

— Provides the ability to fix the mass flow rate on a pressure outlet
(either constant or via UDF hook)

— Options to choose iteration method in TUI
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Other Inlet / Outlet Boundary Conditions

* 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
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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

— Pressure outlet

Velocity inlet (V, T,) I

OR —

Pressure inlet (py, T,)

— Pressure outlet

— Outflow:
* Mass flow rate fraction determined from Flow Rate Weighting (FRW)
by m; FRW;

- = 0<=FRW.<=1
Miotar  2.; FRW, !

 Static pressure varies among exits to accommodate the prescribed
flow distribution Outflow (FRW, )

Velocity inlet (V, T;) —

— Outflow (FRW,)
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NWSSE Periodic Boundaries

* Used to reduce the overall mesh size A periodic
Zone MName
||:|eri|:|din:
* Flow field and geometry must contain Periodic Type
either rotational or translational periodicity Sk
— Rotational periodicity
* AP =0 across periodic planes. Lok J [cancel] [ el |

* Axis of rotation must be defined in fluid zone .

_ o Rotationally
— Translational periodicity periodic >___\
* AP can be finite across periodic planes planes N— \ N

* Models fully developed conditions

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

* Periodic boundaries can be either
conformal or non-conformal

— See next two slides

Translationally
periodic
planes

2D Tube Heat Exchanger
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Non-conformal Periodic Boundary Conditions

* Fluent permits the use of non- S CreatelEdit esh nterfoces X
conformal rotationa"y periodic BCS Mesh Interface Interface Zone 1 Interface Zone 2

int-rotor-per | interface-rotor-per-1 | interface-rotor—-per-2

E

int-rotor-per
int-rotar-tip

* Non-conformal periodics do not

O o interface-rotor-per-2 interface-rotar-per-2
require a matching mesh on the b ) I )
boundaries e TN\

terface Options Boundary Zone 1 Interface Wall Zone 1
— Coupling of the periodic zones is I Periacic Baundary Conditon wall-43 |
accomp'ished using the same a|gorith ms I Periodic Repeats |Boun1dfry4ione 2 |Interface Wall Zone 2
employed in non-conformal interfaces e

Periodic Boundary Conditian

° _ . . Type Offset
Non con.formal periodic can now be | B
created in the Create/Edit Mesh 4 Rotationa
Interfaces GUI ! 7 Auto Compute Offset
— Select Periodic Boundary Condition Create | Dete | st | Cisse | Help

option and choose the Type
(Translational or Rotational)

— Offset is computed automatically, but
check this value to make sure it is evenly
divisible into 360 deg!
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Conformal Periodic Boundary Conditions

52

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

© 2011 ANSYS, Inc. January 19, 2012

2 FLUENT [3d, dp, pbns, 5-A]

File Mesh Define Solve Adapt Surface

Display Report Parallel Yiew Help

;- d-@ | ISeaas 4 M-

Checking number of nodes per
Checking number of faces per
Checking thread pointers.
Checking number of cells per
Checking face cells.
Checking cell connectivity.
Checking bridge faces.
Checking right-handed cells.
Checking face handedness.
Checking face node order.
Checking closed cells.
Checking contact points.

Checking element type consist

Checking boundary types:
Checking face pairs.
Checking wall distance.
Checking node count.
Checking nosolve cell count.
Checking nosolve face count.
Checking face children.

ions Checking cell children.

Checking storage.
Checking periodic boundaries
Periodic zone 6: averag

cell

R Periodic

Zone Mame

| periodic

Periodic Type

() Translational
(%) Riokational

[ OK ] [Cancel] [Help ]

e rotation angle (deg) = 18.000 (13.000 to 18.660)

stored zone rotation angle (deg) = 18.8680

stored axis

» (0.000000e+000, 0.000000e+000, 1.000000e+000

stored origin, (0.000666e+0008, 0.000000e+000, O.000006e+0660
Periodic zone #: average rotation angle (deg) = 18.08080 (18.000 to 18.000)
stored zone rotation angle (deg) = 18.8088

stored axis

» (B.PPBBOGe+000, 0.000000+000, 1.000RRGe+060

stored origin, (8.000666e+000, 0.000000+000, 0.0R00062+6A0
Periodic zone 18: average rotation angle (deg) = 18.000 (18.000 to 18.000)

stored zone rotation angle (deg) = 18.080
stored axis , (8. gy ooo, 1.
stored origin, (8. Sl 000, 8.
Periodic zone 11: average rotation angle (deg) = 18.000 (18.000 to 18.668)

stored zone rotation angle (deg) = 18.8080

stored axis

» (0.800000e+000, 0.000000e+000, 1.000000e+000

stored origin, (0.000666e+000, 0.000000e+000, 0.000006e+0600
Periodic zone 13: average rotation angle (deg) = 18.080 (18.000 to 18.660)
stored zone rotation angle (deg) = 18.888

stored axis

» (0.PPBBOGe+000, 0.000000+000, 1.000RRGe+060

stored origin, (8.0000666e+000, 0.000000+000, 0.0R00062+6R0
Periodic zone 15: average rotation angle (deg) = 18.000 (18.000 to 18.000)
stored zone rotation angle (deg) = 18.080

stored axis
stored orig

» (8.

in, (0.

, 0. 000, 1. )

.
Periodic zone 43: average rotation angle (deg) = 1§.000 (18.000 to 18.600)
stored zone rotation angle (deg) = 18.8680

stored axis

» (0.000000e+000, 0.000000e+000, 1.000000e+000

stored origin, (0.000666e+000, 0.000000e+000, O.000000e+000

Done.

<
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WSS Internal Face Boundaries

* 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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WSS Porous Domains

* Used to model flows where the
geometry is too complex to resolve r( e
With a grid | \ { et ”/1” A Separator
i - = 1 Moislure ”n,::f’
| & ¥ Separator e
k V/,j S J Levels ’7:>~.J
71 Ty
[ (] ) ;j:', = N \gﬁ ~ i
* Instead of including the geometric IS ﬁ a ;" Silicon Carbide
- . ~ s || _patented Tr b/ Slurry Spra
details, their effects are accounted for | e+ g":.}m‘.;“%é'{ Nozzle
. 4 urry Conlac!
numerically £ qi
= 23 g
/"/. = Patented Alloy
] Perforated Tray
957,
,)’f‘)////
)),’f;‘

Images Courtesy of Babcock and Wilcox, USA
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NWSYAE Porous Domains

® Fluid Porosity

— The local ratio of the volume of fluid to the total

physical volume

—>
—>

—>
—>

* 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

V
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Solution
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NWSSE Porous Zones

Directional Loss

R Fluid
* Different losses are induced in the streamwise and T;:jj;jjus
transverse directions
Material Mame | 5 v -Edit...
* Honeycombs and Porous plates ¥]poraus Zone
[Laminar Zone
[Jsource Terms
[JFixed values
Q Q ) otion  Porous Zone eaction | Source Terms | Fixed Yalues
Losses are applied using Darcy’s Law e iein| o P
Conical
* Permeability and Loss Coefficients .
Direction-1 [1/mz) |514g??|3 constank B
_ dp lLl p Direction-2 (1/m2) |5149??n constank w
d = K Ui + KIOSS E ‘U‘Ul Direction-3 (1/m2} |5149??n conskant “
xi perm —
[ QK ] [Cancel] [Help ]
. . . . . . [ conical
* Viscous Resistance input is (1/errm) in the equation et
Direction-1 {1 /m}) |63 constant A
* Inertial Resistance input is K., in the equation Drecion-2 (t/m) 3 constent v
Direction-3 (1 /m}) |63 constant A
Power Law Model
[ OF, ] [Cancel] [Help ]
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