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WS3: Modelling Multi Species Flow I\NSYS

I ntrOd u Cti o n ( 1 ) Customer Training Material

In this workshop you will analyze the release of heat and combustion
gases from a single car with an engine fire in a ventilated parking garage.
The simulation will be run as a steady state analysis assuming the fire

has reached a stable developed stage.
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Introduction (2)

Customer Training Material

» Simulation Physics & Boundary Conditions
— Mixture of N,, O,, CO, and H,0
— 6 m/s exhaust
— 80 N/m3 momentum source in jets
— 0.1 kg/s flue gases (H,O and CO,) at 1200 K
— k-epsilon turbulence model
— DO radiation model with WSGGM for absorption coefficient
— 300 K inlet temperature

Fresh Air Inlet
Symmetry Plane ‘pressure_inlet’
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Heat and gas release from
engine bay
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G O a I S Customer Training Material

* This Workshop will demonstrate how to:
— Set up a case with multiple species
— Define absorption coefficient for flue gases
— Define gravity and operating conditions for buoyancy driven flows
— Define volumetric sources

— Change solver settings and boundary conditions during the calculation
by using calculation activities

— Judge solution convergence using monitors
— Postprocess a case with multiple species

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010



WS3: Modelling Multi Species Flow I\NSYS

Preparation

Customer Training Material

* Files
— Copy the following files to your working directory.
— garage.msh
— calc_activities.jou
— multi-species-solved.wbpz
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NANSYS

Starting Workbench
* Open Workbench

Customer Training Material

— Start > Programs > ANSYS 13.0 > ANSYS Workbench
— Drag a FLUENT Component System into the project schematic
— Rename the system to ‘Garage’ (RMB on cell A1 to rename the
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3 Solution
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User Files Directory

Customer Training Material

- Manage External Files

— This project requires the import of existing files. Workbench creates a
directory named ‘User Files’ where files created externally can be
stored and associated with the project.

— This enables Workbench to synchronise projects with external files.

— From the Workbench project page save the project to your working
directory using the name “multi-species”.

— The ‘user_files’ directory will be found in the project files directory.

= |5) mulki-species_files
) dp0

T

— Copy the two files “garage.msh” and “calc_activities.jou” to this
directory. All files associated with the project are listed when the
Files option is checked from the Workbench View menu.

-0 N
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Starting FLUENT in Workbench —————

- Start FLUENT
— Double click on the Setup cell to open FLUENT

— Choose 3D and Double Precision under Options and retain the
other default settings (if your computer has 2 or more nodes and
parallel licenses are available, you also could start FLUENT
parallel)

[@] FLUENT Launcher (Setting Edit Only) M=

FLUENT Launcher

Dimg_rj_gjnn Options
O ;2D Double Precision
& 3D [] Use Job Scheduler
Digplay Options Proceszing Options
Dizplay Mesh After Beading (%) Serial
Embed Graphics "indows () Parallel
wiorkbench Colar Scheme
[] Do not show this panel again
[#| Show Mare Options

] l [ Cancel ] [ Help -
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Import Mesh and General setup

Customer Training Material

* Import the existing mesh file
— Under the Fluent File menu select Import >

MeSh General
Mesh
— Select the file ‘garage.msh’ and click OK to [t O Check ) [Fyport Quaiy|
import the mesh. ‘
~ To check for any problems in the mesh click 7~ P
Check. There should be no problems SR Ol
reported in the TUI window. .
Checking mesh..........ccocuceeanaann ﬁ::j";nt
Done.
. rani nits. ..
— Reorder the mesh using Mesh > Reorder > cceleramn
Domain (from the menu). #(mis2} o 7
— Reordering the domain can improve the Y (mis2)o 7
computational performance of the solver by 2D 5o 7
rearranging the nodes, faces and cells in memory.
— Retain defaults for the solver

— Enable gravity and set z = -9.81 m/s?
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Setting Physics (Turbulence)

Customer Training Material

File Mesh Define Solve Adapt Surface Display  Report  Parallel  Wiew

* Specify turbulence model = Q@m0 CTRRs QAE- O

— Select Models in the navigation pane. Problem Setup Models
. . . == Models
— Double click Viscous in the model _ Muliphase - Off
selection pane. The Viscous Model ci e o F
. oundary CondiCions . -
panel will open. e
. Soli iin:_atiu:nn 2 Melking - O
— Select k-epsilon (2 egn) under Model, weence faes Acoustcs - O
Standard under k-epsilon Model and — &)
Enhanced Wall Treatment under Near- Qs .
1 eqn)
Wall Treatment. < Smim)

— Turbulence modelling, as with all physics St
modelling, is a complex area. There are s vy im0y I
many application specific options. The oo ottt
standard k-epsilon model is a simple but hesas e sty 3
robust model. The documentation provides Qi | | a
further guidance on which models to use for (fElsiemnmyiaiio Bl S— vl
SpeCifiC applications- Enhanced Wall Treatment Options |none v|

[Irressure Gradient Effects 3
o CIICk OK Ogo:jllBuoyancyEffects :
[ QK ] [Cancel] [ Help ]
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Setting Physics (Radiation)

Customer Training Material

 Specify radiation model
— Double click Radiation in the model selection pane. The Radiation Model panel
will open.
— Select Discrete Ordinates (DO) under Model.

— Set Flow lterations per Radiation Iteration to 1 and click OK.

— ANSYS FLUENT provides five radiation models. The DO model spans the entire range of
optical thicknesses, and allows you to solve problems ranging from surface-to-surface radiation

to participating radiation in combustion problems. You will be informed, that material properties or
& Radiation Model X methods have changed. The Text User Interface

Madel et Feremsiars (TUI) will list new material properties required for
O off Flows Iterations per Radiation Jration EA} > radiation modelling. Click OK. Material
8§fsse'a”d properties will be defined later.

(") Discrete Transfer (DTRM) | Angular Discretization Mon-Gray Model
fPeirtace ko Surface s

- ) Theta Divisions [ 2 [«] || Mumber of Bands |[ g [&]
(%) Discrete Ordinates (DO) [] [*]

Information

\1
‘\l) Available material properties or methods have changed.

I:l DOJEREFTY wouping Phi Divisians {:% Please confirm the property values before continuing.
Theta Pixels [=]
[*]
Phi Pixels - [=] o )
- =1 Note also that the energy equation is switched on
Solar Load automatically when any heat transfer related
Model physics are requested.

(%) Off

() Solar Ray Tracing

() DO Irradiation MDdE_ls

Solar Calculator .,

ous - Standesd®-e, Enhanced Wall Fr
Radiation - Discreke Ordinakes (D0

Warning: Enabling energy equation as required by radiation model.

[ a4 ] [Cancel] [Help ]
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Setting Physics (Species / Mixture)

Customer Training Material

 Specify species model

— Double click Species in the model
selection pane. The Species Model
panel will open.

& Species Model E|
— In thiS WorkShOp the prOdUCtS Of Madel Mixture Properties
. . OFf Mixture Material
Com bustlon (heat & gaseS) WIII be < ®5D3fi35 Tr_ansport g |mixture—template . V.H'u'iew...]
modelled rather than the reaction itself. | Samiamichuen e
— Select Species Transport and click e
OK. Options
. . . . [ inlet Diffusion
— Switching on the species model will, as | Eofsmees s
with the radiation model, introduce new | ™™
material properties. An information Loc ) loooh ] (comsl) v )
box will appear. Click OK to accept The species model requires the definition
this. of a ‘mixture’ representing the chemical
. . . species of interest. The default mixture
— This setup will enable the tracking of contains nitrogen, oxygen and water

vapour.

non-reacting chemical species.

ANSYS, Inc. Proprietary Release 13.0
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NANSYS

Defining Materials (1)

» Specify mixture

— Select Materials in the navigation
pane.

— Note that under Mixture in the Materials
pane the default mixture is listed as
containing nitrogen, oxygen and water-
vapour.

— Double click mixture-template, this will
open the Create/Edit Materials panel

with the mixture preselected.

& Create/Edit Materials E‘
Naljne Material Typs: Order Materials by
|| mizture-template | ‘mixture 3 | () Name
o prm— O Chemical | Formula
mmmmmmmmmm FLUENT Mixture Materials
|| [ o] (rLoenT petabee .
User-Defined Database...
Properti
~
Mixture Species [E— - ‘ Edt... —
Density (kg/m3) incompressible-ideal-g v ‘ Edit...
Cp (speciic Heat) (ikg-H) [ i a-law v ‘ Ed...
Thermal Conductivity (wim-k) constant 2 ‘ Edit...
| 00454 |
M
[Changai[reate ] [ Delete ] [ Close ] [ Help ]

ANSYS, Inc. Proprietary

Customer Training Material

& p:Garage FLUENT [3d, dp, pbns, spe, ske] [FluentlM]
File Mesh Define Solve Adapt Surface Display Report  Parallel  View Help

GrHd me[Sraa s & B0

Problern Setup Materials
General Materials

Models
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riixkure-kenplake

Cell Zone Conditions
Boundary Conditions

Drvnamic Mesh
Reference Values

Solution

Saolution Methods
Solution Contraols
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Solution Initialization
Calculation Activities
Run Calculation

Resulks

Graphics and Animations
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Reports
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™
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[createjedt... | |

Delete
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Defining Materials (2)

Customer Training Material

» Add a mixture species

Marne Order Materials by

= Material Type
|| mixture-template | ‘mixtura vl @ Name
y

— In the Create/Edit Materials panel click |p== )
on FLUENT Database.
— The FLUENT Database Materials panel will e =

User-Defined Database.

Density (lgim3] incom

appear. pressible-ideal-g || Edt... | i
L] . Cp (Specic Heat) GRaH) [ dame || Edt...
— Select Fluid as Material Type. |
Thermal Condluctivity (wim+) [ & e

— All predefined fluids materials will be listed |
under FLUENT Fluid Materials. () (o] [ ] [

— Select carbon-dioxide (co2).

— Click Copy.
— The TUI will inform you that carbon-dioxide ¢
has been added Prc:;yr::eriahfmmc.ase... Delete
. Densiey tkafm3) [ — S| 2
— Close the FLUENT Database Materials — —
I Cp ispecfic Heat) (KGK) o oo polynami N = 1
panel. | |
Thermal Conductivy (wik) [—— B e
|0.0145 |
iscosity (kafm-s) [ v‘ View. ..
|1.3?e-05 | i
N, Edlt‘g
v
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D efi n i n g M ate ri a I S (3) Customer Training Material

* Add a mixture species

— Copying carbon-dioxide(co2) from the fluid database has made the
species available to the simulation, now add it to the mixture.
— In the Create/Edit Materials panel ensure Material Type is set to Mixture and click
the Edit button for the Mixture Species.

— In the Species panel select co2 from the Available Materials list and use the Add
button to add it to the Selected Species list. The Selected Species defines the
component species of the mixture.

— The order of the species listed under Selected Species is important. The most
abundant species should be listed last. Use the Remove button to remove n2
followed by the Add button to replace n2 as the last species. Click OK.

& Create/Edit Materials

ANSYS, Inc. Proprietary Release 13.0
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Defining Materials (4)

Customer Training Material

» Specify mixture

— Modify the existing settings for Thermal Conductivity, Viscosity and
Absorption Coefficient as shown below. Click Change/Create to apply
the changes.

&, Create/Edit Materials &|
Naltne Material Type Crder Materials by
” mixkure-template ‘ |mixture v| &) Narne
e | () Chemical Formula
LS AL FLUENT Mixture Materials
” “mixture-template v| [ FLUENT Database. ., ]
[ User-Defined Database. .. ]
Properties
iy — . ~
M| e audidy (w'fm_k)( mass-weighted-mixing-law > w | Edit. .. B
Wiscosity (kafm-s)
b ( mass-weighted-mixing-law ’ w | Edit. ..
LSS LT ) |cu:unstant-dilute-a|:u|:ux “ | Edit. ..
” 2,58e-05 ‘ B
Absorption Coefficient (”mﬁwsggm—dnmain—based _) 2 | Edit...
‘ v
[Changep’Create l [ Delete l [ Close ] [ Help
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D efi n i n g M ate ri a IS (5) Customer Training Material

 Specify solid material
— Select Solid under Material Type (The default solid material is aluminum(al)).

— Modify aluminum (Name, Chemical Formula & Properties) as shown
below.

— Click Change/Create and choose No for overwriting. Close the
Create/Edit Materials panel.
— Selecting No preserves the original material (aluminum) and adds the new modified

.
material.
T Create/Edit Materials &‘
Marme Taimm Material Type Crder Materials by
oo = [ g Q...
- T —— | L dhemical Farmu a
(Gicamfed Pl e FLUENT Solid Materials
|| al ) T FLUENT Database. .
Properties Propetties
~ ) -
Density (aimi3) [ chant v| Edit... T pers "3} [ constant N wl|| Edit
| 2719 | | 2400
Cp (Specific Heaty (ifka-k) constant v| Edit... G (i | constant || Edit
o | [ 1000 / ‘
Thermal Conduckivity {w/m-k} conatant v| Edit = Thermal Conductivit conskant v | Edit. -
|202.4 | |2 : /
Sbsorpton CasFicent (1jm) [ v| — Absarption Caefficent (1/m) [ =220 - | Edit
[0 | E ‘
b ]
[changefcreate] [ Delete | [ close | [ Hel < [Changejcreate | [ Deyre | [ cCose | [ Hep
> 4

\—/
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Cell Zone Conditions (1)

 Set cell zone conditions
— Select Cell Zone Conditions from the Navigation Pane.
— Double click fluid_jet from the Zone list.
— Activate Source Terms.
— Select the Source Terms tab and click on Edit for Y Momentum.

— Add 1 source, select Constant and enter a value of -80 (n/m?3)
— Click OK in both panels.

Zone Marme
|| Fluid_jet |

Customer Training Material

Material Mame | i e

Y Momentum (n/m3) sources

obion ixed Yalues rticipates In Radiabion - -
[raraus Zore Kumber of ¥ Momentum {nfm3) sources []
-

Reference Frame] Mesh MUUUFI] Porous Zone | Embedde: S\GFeaction =0URCE Terms | Fixed Yalyg ultiphase [~

s (a5 [onces | g “constant |
% Momentum {njm3) L
o

Y Momentum (nfm3)

It .
,

[ CK ] [Cancel] [Help ]
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Boundary Conditions (exhaust 1) P ————

« Set boundary conditions
— Select Boundary Conditions from the Navigation Pane.
— Double click inlet_exhaust from the Zone list.
— Apply Momentum settings as shown.
— Click OK. R Velocity Inlet 3

Zone Mame

inlet_exhausk

Mornenturm l Thermall Radiatinn] Species] DPM l Multiphase] DS l

Yelocity Specification Methaod |MagnitudeJ Mormal ta Boundary 3 |
Reference Frame |,.:.||:,5.:,|._||;E = |

) }
Yelocity Magnitug® {m/s) |-E- |':':""5t‘3"'t vl

Supersonic)Initial Gauge Pressure (pascal) [ |u:u:un5tant o |
Turbulence /\

Specification MethodT e rcivy and viscosity Ratio \ w |
Turbulent Inkensity (%) [ 5 )

Turbulent Yiscosity Ratio |V

[ K, ] [Cancel] [Help ]
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Boundary Conditions (inlet 1) Customer Training Material

« Set boundary conditions
— Double click pressure_inlet from the Zone list.

— Apply Momentum and Thermal settings as shown.
— Continued on next page..

X

& Pressure Inlet

E

& Pressure Inlet
Zone hame

Zone Mame
|| pressure_inlek

|| pressure_jnlet

Momenturn  Thermal lRadiationl species| DPM | Mubiphase | ups |

Marmentur ] Thermal] Radiationl Species] DPM l Multiphasel ups ]
v

Tokal Tempey@iure (k) 23 15 | constant

Reference Frame |Absolute W |
Gauge Tokal Pressure (pascal) || 0 |constant - |
| constant v |

SupersonicyInitial Gauge Pressure (pascal) || 0

Direction Specification Method | yormal bo Boun

Turbulence

Specification od |Intensitv and Viscosity Ratio

Turbulent Intensity (%) H 5

Turbulent Yiscosity Ratio H E /

\_/
[ox ] [concel] e Lox ] [cancel] [ree ]

Release 13.0
December 2010

ANSYS, Inc. Proprietary
© 2010 ANSYS, Inc. All rights reserved.




WS3: Modelling Multi Species Flow

NANSYS

Boundary Conditions (inlet 2)

« Set boundary conditions

Customer Training Material

— Apply Radiation and Species settings as shown.

— Click OK.

& Pressure Inlet

Zone Mame

|| pressure_inlet| ‘

Wkphase | LDS | \

Mamentur | Thermal Radiation ]Species

x)

External Black Body Temperature Mebfod |Spen:|F|ed External Temperature

Black Body Temperature (k) || 293,15

Internal Emissivity ([

,/

[ oK ] [C@nc@l] [H@Ip ]

ANSYS, Inc. Proprietary
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R Pressure Inlet

Zone Mame

3

|| pressure_inlet ‘

[ SpeciFy Species in Male Fractions
Species Mass Fractions

Momentum] Thermal] Fadiation SDBCiBS] DFM ] Multiphase] uos ]

hzo g |c0nstant v|
ot

02 |D.23 |-:-:nstant v|

=l ”EI |c0nstant v|

’ oK ] [Canu:el] [Help ]
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NANSYS

Customer Training Material

Boundary Conditions (smoke release 1)

« Set boundary conditions

— Double click mass-flow-inlet-flue _gas from the Zone list.
— Apply Momentum and Thermal settings as shown.

— Continued on next page..

& Mass-Flow Inlet

Zone Mame

|| mass-flow-inlet-flue_gas

Mamentum ] Thermal] Radiatic-nl Species] DPM ] Multiphasel D5 l

X

Reference Frame |.qbsolute

Mass Flow Specification Method

T
Mass Flow R@Ee (kafs) [ 1 ! |c0nstant
0]

SupersonicfInitial Gauge Pressure (pascal) |constant - |
Direction Specification Mat rmal ko Boundary R

Turbulence

AN

iofh Method |Intensity and Viscosity Ratio

Turbulent Intensity (%) || 5

Turbulent Yiscosity Ratio

B

& Mass-Flow Inlet

Zone Mame

|| mass-Flow-inlet-Flue_gas

[ Ok ] [Cancel] [Help ]

Momentum  Thermal | Radiation | Species| OPM | Muliphase | LDs |

|

Total Temperatfe (k) || 1700 |c0nstant

ANSYS, Inc. Proprietary
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Boundary Conditions (smoke release 2)

NANSYS

Customer Training Material

« Set boundary conditions

— Apply Species settings as shown.
— Click OK.

W Mass-Flow Inlet

X)

Zone Mame

rass-flow-inlet-flue_gas

Momentum | Thermal | Radiation Species | oM | Multiphase | uDs |

<

Specify Shecies in Mole Fractions
i Frackions

A
|n:|:|nstant W |
|n:|:|nstant W |
|-:u:unstant b |

W

[ (4 ] [Cancel] [Help ]
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NANSYS

Boundary Conditions (walls 1)

« Set boundary conditions
— Double click wall from the Zone list.

— Apply Thermal settings as shown.
— Click OK.

& Yifall

Zone Mame

wall

Adjacent Cell Zone

Fluid_garage

Momentum  Thermal | Radiation | Species | DPM | Muliphase | UDS |

Thermal Conditions

Customer Training Material

The Shell Conduction option enables thin
walls to solve for heat transfer in both the
normal and planar directions without the
need to volume mesh them.

3

||:|:unstant W |

Temperal ki [ =0n
< {i} Temperature 1
) Internal ENgsivity [ g /

||:|:unstant b |

() Radiation

) Mixed Wall Thicknegs {m) |IZI.3 2

||:|:-nstant W |

Heat Generation F.ake (wim3) | 0
< | v | [Edt... ]

shel Cnnd@

[ Ik ] [Cancel] [Help ]
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Boundary Conditions (walls 2)

Customer Training Material

« Set boundary conditions
— Select Copy from the Boundary Conditions Pane.

— Select wall in the From Boundary Zone list and wall_ceiling and
wall_floor in the To Boundary Zones list.

— Click Copy, click OK in the question dialog box then Close.

— This will copy all boundary settings from the boundary zone wall to both wall_ceiling
and wall_floor.

& Copy Conditions

From Boundary Zone To Boundary Zones ElE=
inkerior-fluid_garage  »
inkerior-Fluid_jet (

interior _jet_in

< Interiar iea
P

Question

x]

et L —
wall_ceiling
wall_Floor
wall_Te
wall_jethousing

\?‘:) Copy wall boundary conditions ko (wall_ceiling wall_Floor)?

wall_ceiling 3
wall_Flaar ) Cancel ]
wall_jet b

[Cgpy] [Cl@sa] [HE!P]
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O pe rati n g C O n d iti o n s Customer Training Material

» Set operating conditions
— Select Operating Conditions.
— Apply Specified Operating Density settings as shown.

~ Click OK. .

Pressure Grawity

Operating Pressure (pascal) Graviky

101325 E Gravitational Acceleration
Reference Pressure Location # (mfs2} 0 EI
#imi g ¥ (mfs2)
p 0
[ Edi.. | oo B | 7
mi o z |:|TI,|I52:| -a.81
[ ParamEtEFS---(]’[Dperating Conditions. .. - H 7
N Zim
[DiSpla}.-' Mesh... | . A Boussinesq Paramneters
|:| Highlight £one Operating Temperature (k)
288,16

B
‘Variable-Density Parameters

Specified Operating Density
Operating Density (kg/h3)

1.1989| / g

[ Ok ] [Cancel] [Help ]
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Operating Conditions

Customer Training Material

* Notes

— ANSYS FLUENT avoids the problem of roundoff error by subtracting the operating
pressure (generally a large pressure roughly equal to the average absolute pressure in
the flow) from the absolute pressure, and using the result (termed the gauge pressure).
The absolute pressure is simply the sum of the operating pressure and the gauge
pressure.

— Operating temperature is only used when using the Boussinesq density model, so in this
case, it has no meaning.

— Operating density is also a value for avoiding roundoff errors. For simulations where
pressure boundary conditions are present it is important to set the value correctly
otherwise the pressure at the boundary will be incorrect and may lead to unphysical flow
conditions. Here you have to set it to the density for the conditions at the pressure-inlet -
a gas at 293.15 K with 23% O, and 67% N,. You can initialize your flow field with these
conditions to get the value for the operating density from the postprocessor (e. g.
Reports -> Volume Integral). See the Users Guide “Natural Convection and Buoyancy-
Driven Flows” for more details.

ANSYS, Inc. Proprietary Release 13.0
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Solution Methods

* Set solution methods
— Select Solution Methods from the Navigation Pane.

— Under Spatial Discretization set Pressure to Body Force Weighted and
Energy to Second Order Upwind.

— The Body Force Weighted scheme is recommended for problems involving large
body forces.

— The Second Order Upwind scheme is generally recommended for final solutions
(first order is less accurate but numerically more stable and is often used for initial
approximate solutions).

Customer Training Material

Gradient hizao
|Lea5t Squares Cell Based w | |First Order Upwind w |
L o2

qgcu:l';.f Force Weight@ L | |First Order Upwind w |
Momer—— o2
|First Crder Upwind w | |First Order Upwind w |
Turbulent Kinetic Energy En
|First Crder Upwind v | Second Crder Llpwinu:D w |
Turbulent Dissipation Fake DiscreteSrdirates
|First Order Upwind w | | First Order Upwind L |
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Solution Controls

Customer Training Material

* Set solution controls
— Select Solution Controls from the Navigation

Pane Solution Controls
— Set Under-Relaxation Factors as listed below. ““:Ef'RE'E'““”” Focors .
FESsSUNe —
— Lower Under-Relaxation Factors will reduce the 0.3
solution change between iterations leading to more Density
stable convergence though requiring more iterations !
to reach convergence. Body Forces 1
1
— Pressure =0.3 T;ﬂentum
— Density =1 —
Turbulent Kinetic Energy
— Body Forces = 1 05
— Momentum = 0.7 .
— Turbulent Kinetic Energy = 0.5
— Turbulent Dissipation Rate = 0.5 [Equatinns...] [Limits...] [.ﬁ.dvanced...
—  Turbulent Viscosity =07 [ 5et &ll Species URFs Together
-~ h2o0=1
~ 02=1
- co2=1
— Energy =1

— Discrete Ordinates = 1
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M o n ito rs ( 1 ) Customer Training Material

* Set solution monitors
— Select Monitors from the Navigation Pane.

— Click Edit and set the Residual Monitors as shown below.

— By default ANSYS FLUENT will plot residuals to the window and print to the console. The default setting for the
convergence criterion is Absolute which means that the solver will continue until all residuals fall below the
Absolute Criteria values specified in the Equations box. Switching the Convergence Criterion to none will cause
the solver to continue until a maximum number of iterations is reached. Click OK.

Monitors
Residuals, Statistic and Force Monitars ) Residual Monitors &l
F!_esi:lual:: - Prink, Plok —
gtr‘:tg's_tlf);FOFF Jptions Equations
ift - OFf i i
k'llotme?nt o Print to Console Residual Manitar
—— Plat conkinuity
| twindow R [ovelodity W
L [*] [Curves... ][ Axes. .. ]
w-velocity
Iterations ko Flok [¥]
1000 [«] z-veloity
(=] v
Residual Yalues onvergence Crikerion
Edt... | [ Delete — >
Yolumne Manitors Iterations to Stare [Inormalize r,._.n.:, "
1000 L+] -
[=] -
Scale
[J compute Local Scale
Edit... | | Delste -
QK ] [ Plat ] [Renurmallze ] [ Cancel ] [ Help
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Monitors (2)

NANSYS

Customer Training Material

» Set surface monitors
— Under Surface Monitors, click Create.

— Residuals monitor the numerical accuracy of the solution. However, it is equally important to ensure that
solution variables have converged to sensible stable values. Creating Surface Monitors enables solution values
of interest to be monitored on specific surfaces within the domain. Here, the mass flow rate will be monitored on
the surface “interior_jet_in”. The monitor will be plotted to window 2 and printed to the console.

— Set the Surface Monitor as shown below and click OK.

Monitors

Residuals, Statistic and Force Monitars

Residuals - Print, Plot
Skatiskic - OFF

Drag - Off

Lift - OFf

Maoment - OFF

Surface Monitors

e —

Edit... | JDelete

Edit... | | Delste

ANSYS, Inc. Proprietary

© 2010 ANSYS, Inc. All rights reserved.

& Surface Monitor

Marne AR T~
|| surf-mon-1 |Mass Flow Rate ) v |
Options
Prink to Console
Surfaces EE
inlet_exhaust ~
inkerior-fluid garage =
[ vwirite ( nkerior-Fluid_je
interior_jet_out
|| T ArEC-TILE_Qas
pressure_inlet
X Axis symmekry
|Iterati0n vl wal
wall_car
et Daka Every wall_ceiling L8
[a] . wall_floor
||1—|[v] |Iterat|0n vl wall_jet v
[Highlight Surfaces
[ Ok ] [Cancel] [ Help ]
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Monitors (3)

» Set surface monitors
— Create another Surface Monitor.

— There are many different types of calculations that can be performed over surfaces listed under Report Type.
This time we will monitor the integral of the Total Surface Heat Flux on the surface “wall_floor” plotting to
window 3 and printing to the console.

— Set the Surface Monitor as shown below and click OK.

— Created Surface Monitors are listed after creation.

Customer Training Material

Monitors & Surface Monitor @

Residuals, Skatistic and Force Monitors Mame YPe

Residuals - Prink, Plok
= e || surf-mon-2 |Integra| \ w |

Options Field Variable \
Wiall Fluxes. . 2
Prink b Console | 1} |
|T|:|I:a| Surface Heat Flux/ w |

Easesiely Surfaces EE
surf-mon-1 - Mass Flow Rate vs. Iteration, Print, Plol inlet_exhaust ~
surf-maon-2 - Inkegral, Total Surface Heat Flux s, Tke . interior-fluid_garage i

= [ wirite: interior-fluid_jet

interior_jek_in
| interior_jet_ouk

< | s || mass-flow-inlet-flue_gas
— — pressure_inlet
[create... | [Edit... | [Delete | % Ais svnﬁmetrv

|Iteratinn - | w3

Yolurne Monitors

Gek Data Evary / wiall_ceilin B
[a&] .
|1 ] |Iteratlnn M wall_jet v

[THighlight SurfFaces

[ O ] [Cancel] [Help ]

Edit... | [Delete
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M O n itO rS (3) Customer Training Material

* Notes on monitors

— Buoyancy driven flows often show transient behavior. For this reason,
the residuals often will oscillate. Because of this, convergence should
always be judged by solution variable monitors and flux reports. The
residuals will however show overall for convergence behavior and
stability.

In cases of an oscillating steady state solution, a common approach is
to continue the simulation in transient mode. In many cases the
oscillations will reduce significantly after a few time steps.

The use of surface/volume monitors combined with residuals will
provide the best overall judge of solution convergence.
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NANSYS

Customer Training Material

» Set initialization values

— Select Solution Initialization from the Navigation Pane.

— The iterative process requires initial values for all solution variables. The default (standard) initialization method
applies single values for each variable globally throughout the domain. These values should be within a
reasonable range of what is expected in the domain. Specifying unrealistic values could cause convergence
problems or require more iterations. Values can be specified manually or can be calculated from any or all

boundaries using the Compute from option.

— Specify the values manually as follows.

— Initial Values
— Gauge Pressure =0
— XVelocity =0
— Y Velocity =0
— ZVelocity =0

— Turbulent Kinetic Energy = 0.01
— Turbulent Dissipation Rate = 0.01

— h20=0
- 02=0.23
- c02=0

—  Temperature = 300

ANSYS, Inc. Proprietary

Solution Initialization

Initialization Methods

O Hybrid Initiglization
(%) standard Initialization

Compute from

Reference Frame

(®) Relative ko Cell Zone
) absolute

Initial Yalues

Gauge Pressure (pascal)

[° |
¥ Velocity (mjs)

[° |
i Welocity (mjs)

[° |
Z Welocity {mfs)

[° W
Turbulent Kinetic Energy (mzfs2)

|| 0.01 |

Turbulent Dissipation Rate {mz/s3)
|| 0.01 |

Reset DPM Sources | | Reset Statistics
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Calculation Activities (1)

Customer Training Material

» Changing settings during the calculation

— Although simulations can often be run to convergence without
adjusting the solver controls it is often beneficial to change these
settings during the calculation. For example, some equations may not
need as many iterations to converge. Also, in many thermal cases, it
is advantageous in terms of solution stability to solve the momentum
equations first before switching on the energy equation. This step
illustrates how to use the Case Modification panel to adjust solver
settings during a calculation.

— In this case we will first solve the full equation set for a small number
of iterations, then only solve for mass/momentum before finally
solving the full set again.

ANSYS, Inc. Proprietary Release 13.0
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Calculation Activities (2)

NANSYS

Customer Training Material

» Changing settings during the calculation

—  Select Calculation Activities from the Navigation Pane, check
the Automatically Initialize and Modify Case box and click Edit.

— Select the Case Modification tab.

—  Using the defaults would result in the simulation being run
using the existing settings (‘Original Settings’) for 1 iteration.

—  We will be running using the original settings then apply 2
modifications. Increase Defined Modifications to 2.

R futomatic Solution Initialization and Case Modification

Initislization Method Case Modification ]

Indicate how long b i riginal settings. Then define any modifications ko the case settings and how long ko run with each.
Defined ModiPfCations || = []
[+]

fckive Mame Cammands Murmber of Iterations/Time Steps @

” Criginal Settings ‘ ” | u 1 {:}

u Modification 1 ‘ ” | u 0 E:}

u Modification 2 ‘ H | ” 0 E:} -
[ [8]4 ] [DeFine Macro... l [ Cancel ] [ Help ]

ANSYS, Inc. Proprietary

Calculation Activities

Aukosave Every (Iterations)
0 [
H I

i (B

Create = Edi. . Delete

Execute Commands

Autornatically Inithelize and Modify Case
mitiaiaatierr=Trialize with Yalues From the Case

Criginal Settings, Durakion =1

[~
|%

Create)Edit. ..
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Calculation Activities (3)

Customer Training Material

» Changing settings during the calculation

— Commands are entered using the Text User Interface (TUI) syntax. Options selected using the
Graphical User Interface (GUI) have equivalent TUl commands.

— Rather than type these out a journal file is provided for this workshop that will enter these for you.

— From the main menu, File>Read>Journal, Select the journal file “calc_activities.jou” from the user_files
directory. Answer No to the question dialog box asking if there are any read/write commands in the
journal.

— Modification 1 will switch off all equations except the flow equations and run for 100 iterations.
— Modification 2 will switch all equations back on and run for 20 iterations.

— Set the Number of Iterations for Original Settings to 20.

— Click OK and answer No to the question dialog box.

R putomatic Solution Initialization and Case Modification

Initiglization Method ~ Case Modification ]
Indicate how long to run with the original settings. Then define any modifications to the case settings and how long to run with each.
Defined Modifications {*%

-

fictive Name Commands Murmber of Iterations|Time Steps

” — - ||| '/l—_\ [«]
|| Qriginal Settings | || kg || 20 ! =

[=]
(=]

[a] |
]

|| Modification 1 | || Isolvefsetfequations Fow v fsolvesetfequations ke n /solvefsetfe | || ] ‘

odification solvefsetiequations Flow v fsolvefsetfequations ke v [solvefsetie
Modification 2 fsolveisetiequations fl fsolvesetfequations ke v [solvefsets 20

[ (a4 ] [DeFineMacro...] [ Cancel ] [ Help ]
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Calculation Activities (4)

Customer Training Material

» Changing settings during the calculation

The modifications now contain the TUlI commands for switching various
equations on and off.

For example, the TUI command for switching off the energy equation is of the
form; (substituting n for y to switch on)

— Isolve/set/equations temperature n

The list of available TUI commands is extensive and goes beyond options
available in the GUI.

All aspects of the solver can be controlled using TUlI commands.

The journal used here contained the TUlI commands to setup up the 2 case
modifications.

Consult the documentation for a more comprehensive description of TUI
command usage.
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Run Calculation

Customer Training Material

- Start the calculation
— Select Run Calculation from the Navigation Pane.

— The Number of Iterations is set to Automatic since this has been defined in the Case e
Modification panel. porting v

— Before starting the calculation it is good practice to save the %:%
project.

— File>Save Project.

— The calculation will take approximately 40 minutes in serial.

Acoustic Signals. ..

1: Scaled Residuals

Warking 1: Scaled Residuals k
. Iculating the soldti 2: Convergence history of Mass f
\!‘) SRR G SR 3: Convergence history of Total §

Cancel

— However if you are short of time, we have supplied a converged
model that you can use instead (see next slide).
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Reading in an Solution computed elsewhere Ciea T e

There are times when you may want to bring a solution (perhaps made on a remote
cluster) into your workbench session.

1. Stop the iterations. Close the existing FLUENT session, and return to Workbench

2. Drag a new FLUENT session into the Workbench page. Rename as
“Imported_Result”.

3. Inthe Setup Cell (B2), right click
and select “Import FLUENT case” [

PiCk the file “Workshop3— w [ open... [l save [l savess..  Flimport.. < /& Refresh Project # Update Project (2 @ Compact Mode -
g ” e i — o
converged.cas.gz @ oon | - X
. f_ﬂ_!) CFX. R 2 = Set\.u.: e j :
4 . F LU E NT WI II Start u p - be Su re to % zs\l\r-‘:\et?:famics[LS-D\’NABcDUFt) 2 Sokon B n Edit...
External Connection Import Final Data...
== Bxterns| Dats Bl mport Initial Data...
select double precision. Once e =
Geometry Transfer Data From New
open, close this session again. ot | P
. . . @ zfr:so O Clear Generated Data
5. Inthe Solution cell (B3), right click | &= q e
_ , 2 oo o o
and “Import Final Data”, selecting the &=,
B visto coD Update from Current Solution Data if Possible
file “workshop3-converged.dat.gz” |5Wmm =
. . FSI: F\u?d Flow (CFX) -> Static St.ructuri L
6. Double click on the solution cell (B3) |8z
£9 RandomVibration v
and Conti n ue With th iS WO rkShOp - |;@?R\ght-chcktoupdate:‘:::o“nﬁusmmwem =1 Show Progress |[%1Show 0 Messages |
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Check Residuals and Monitors (1) SR T e

* Check Monitors, Residuals and Fluxes

—  If progressing from the pre solved project select Monitors from the Navigation Pane, click
Edit under Residuals, Statistics and Force Monitors and click Plot in the Residual Monitors

Panel that appears.
—  The residuals are still quite high after 140 iterations and the surface monitors
are still changing.

& a—

a 20 40 EO0 g0 100 120 140
[terations

Dec 08, 2010

Scaled Residuals
ARNSYS FLUENT 13.0 (3d, dp, phns, spe, ske)

Release 13.0
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Check Residuals and Monitors (2) SR T e

* Check Monitors, Residuals and Fluxes Reports

—  Select Reports from the Navigation Pane and select e
Fluxes under Reports. Click Setup. Pramated freas
Surface Inteqgrals
— In the Flux Reports panel check the Mass balance volume Inkegrals

over all boundaries as shown below. Click compute. | fatyar

Summary - Unavailable

- Note that the Net Results indicate a relatively large imbalance. |Heat Exchanger - Unavailable
This is an indication that the solution is not fully converged. Net
heat flux can be calculated in the same way. Close the panel.

Ed

& Flux Reports

Options
Flow Rak -24.56271470325724 Set Up... | | Parghheters. ..
atssIHDWt Ta EF nat -33.72102746939751 [Set tp... | [Pargn ]
e InISElS IREIEER el -163,649941 101792
O R.adiation Heat Transfer Rate 2. 857066458551995
-2.835293695630492
Boundaty Types E] E] 0.09939999999393935
Fxis 2 24.42165040505402
exhaust-fan ==
fan o
inlet-wvent M o
1]
u}
Boundary Mame Pattern ol flo
|10
‘ IMatch —
| < |

[Save Qukput Parameter... l
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Exit

* Close Fluent
— Close ANSYS FLUENT by selecting File>Close FLUENT

Customer Training Material

Save Project

Read
Write

Irnpoark

- v - v

Expark

Solition Files. ..
Interpolate. ..

EM Mapping 4
F5I Mapping 3
Save Ficture. .,

Diata File Quantities. ..

— ANSYS FLUENT contains basic built in post processing capabilities which can
be used to quickly assess results graphically and numerically during and after
the solution.

— CFD POST is a powerful separate post processing application containing many
more advanced features. The remainder of this workshop will introduce some
features of CFD POST.

ANSYS, Inc. Proprietary Release 13.0
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Starting CFD POST

* Add a Results System

— Drag a Results System onto the Solution cell of the FLUENT system.

—  This will link a CFD POST (Results) system to the FLUENT system solution
data as shown.

—  Start CFD POST by double clicking on cell B2.2 ® resurs =
- This will start CFD POST and load the FLUENT solution data.

Customer Training Material

0y Garage - Workbench

File  Edit “iew Tools Units  Help

©_Mew [5open... |l save (&l save as.. lmmpart... epn

-0 2 Refresh Project  # Update Project () Froge 0Compact Mode

Analysis Systems H I
________________
B Component Systems —
1 1
g AuToD T A
34 e il

@) cFx i i 2 a Setup v 4 Transfer A3 i A i B

@CFX(Beta) ::
1 EXCEE W T Results

F External Connection
External Data
(@3 Finite Element Modeler
FLUENT

g Engineering Crata

Explicit Dynamics (L3-DYMNA Export)
Z ﬁ Setup v 4
8 Solution "

Garage

= POLYFLOW - Blow Molding
z¢ POLYFLOWY - Extrusion

,E Results
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Post Processing — Wall Temperature (1)

NANSYS

Customer Training Material

* Add a Location representing a group of surfaces

— For displaying the temperature on all walls the most effective way is to use a
surface group.

—  Select Locations > Surface Group, enter a name as shown below and click OK.

® B2 : Results - CFD-Post

File Edit Session Insert Tools Help

B e 9 e ([Boeten M BEESH SSHHIPO xdEAERNE QM@ £ A alva sk

Cutline ‘ varisbles | Exprassion + Paint

O[5 Cases %+ Point Cloud
o € Garage / Line
= & Fluid_garage
o=
OpE i
Ops i 2
1% mass flow in
o=
1% symmetr
19 wal
9% wal
1% walKeilin
CIE weal Ao
1% wal_jethou:
= & Fluid_jet
[C1P% interior_jet_in Fluid_jst
I PE inkerior _jet_out Fluid_jst ~
< |[>

® Insert Surface Group |E”E|

Mame | W alls| |

z
.
0 6.000 {m)
| X
3.000
3D Viewer | Table Yiewer " Chart Wiewer ” Cornmen b Viewer H Report Yigwer ‘
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NANSYS

Post Processing — Wall Temperature (2)

* Define Location details

—  The details of the new location
will be displayed in the bottom left
pane.

—  Select Locations, click on “...” and
select all walls (CTRL click to
multiple select).

—  Click OK in the Location Selector.

ANSYS, Inc. Proprietary

© 2010 ANSYS, Inc. All rights reserved.

Outling | vatisbles | Expressions | Calo © » |

- [&) Cases G|
=2 @ Garage
= (9 fluid_garage
[P inlet_exhaust
Dit inkerior_jet_in Fluid_garage
[P inkerior_jet_ouk Fluid_garage
O i$ mass Flow inlet flue_gas
1P pressure_inlet
CIPE symmetry
O PE wal
O PE wall_car
[ PE wall_ceiing
O PE wall_floor
1 P¥ wal_jethousing
= & fluid_jet
] P inkerior_jet_in Fuid_jet
1 PE interior_jst_out Fluid_jet hd
£ | >

Details of Walls

Geometry | Color | Render | iew |

Domains |.D.II Domains w | E

e
Locations |in|et_exhaust / vl @
N—

Apply l [ Reset ” Defauits

Customer Training Material

@ Location Selector,

= Garage
J€ inlet_exhaust
+ interior_jet_in fluid_garage
& inkerior_jet_in Fluid_jet
i$ interior_jek_out Fluid_garage
€ interior_jet_out Fluid_jet
i$ mass flow inlet flue_gas
J€ pressure_inlet
$ symmetry

[u]4 l [ Cancel
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Postprocessing — Wall Temperature (3) S —————

* Apply contour to Location

—  Select the Color tab, click on Mode and select Variable Temperature and click
on Apply.

@ B2 : Results - CFD-Post
File Edit Session Insert Tools Help

B He 90 Puatn - SEESEGF SCHEITPO ¥ [ EBERB O£ S M E e b

Outling | Variables | Expressions | CaleL = * _ iy 3|$|@)\ @ @ E O-| %
= @ Cases b | Yiewl - _
= @ Garage

= (3 fluid_garage
D% inlet_exhaust
Dit interior_jet_in Fluid_garage
Dit interior_jet_out fluid_garage
1P mass Flow inlet flue_gas
D% pressure_inlet
1P symmetry L
1P wal
7€ wall_car
1P wall_ceiing
D€ wall_floor
[P wall_jethousing
= (& Fluid_jet
Dit interior_jet_in fluid_jet
1 PE interior_jst_out Fluid_jet v
< | =

Details of Walls
: [K]
Calar | Render || Wignat |
5\’

n
Global v

K]

5.189e+002

2.919e+002

Iin
z
Max 1200 [K] L "
Boundary Data . Hybrid Conservative 0 7.000 (m)
#
" . -
~_
I Apply l [) Reset ] [ Defaults ) - - - -
S 30 Yiewer Table Yiewer " Chart Vigwer " Camment Yiewer " Repart Wiewer |
—
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Postprocessing — Wall Temperature (4)

Customer Training Material

- Make changes to the legend

— If you want to change the appearance of the legend, select it in the tree (double
click) and change the details accordingly — for example, set Precision to Fixed
instead of Scientific.

& B2 : Results - GFD-Post =13

File Edit Session Insett Tools Help
FHEES P 9 e Pown - SEAESSI S HANPO * EEE NG QM2 £4E ek
“outine | voritles | Epressons | col 2 | | G @ @ @ & O-|

[19% wall_cailing 1| view1 -

7% wall_floar

[17% wall_jethousing
=~ &P Fluid_jet
Di: inkerior_jet_in Fluid_jet
Dit inkerior_jet_out Fluid_jet
[C17% wall_jet

745.928

g Title Page
&> File Report: 518.892

> Mesh Repart

&> Physics Report 4
< It

291.856
[K]

Fant

Apply ] [ Reset II Defaults
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Postprocessing — Section Plane (1) T

* Add a Location representing a section plane
—  Select Locations > Isosurface, enter a name as shown below and click OK.

@ B2 : Results - CED-Post

File Edit Session Insert Tools Help

FE U 9 Brown | 2ESES0 FEHEYO xEEE NG OO S 0466 5

Outline |W"m < Paint
7€ wall_ceiing '3* Paint Claud
10 wall_flocr / Ling

O PE wall_isthou @ Flane
(= 6 Fluid_jet @ volume
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Di'— interior_jet vs Isa Clip
D i" wall_jet ? Waorbex Core Region
=] . User Locations and Plots .
&9 surface of Revolution

EFJ Defaul: Transform

. E! Default Legend Yiew ~/ Palyine
] ZE User Surface
. @ wireframe [ Surface Group
= [&] Report
& Title Page
&> File Report

8.802
3> Mesh Repart =
&> Physics Report v
3 IE
Details of Default Legend Yiew 1 291.856

Definition Appearance

Sizing Pararnekers A
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[K]

Size
Aspect 0.07

Text Parameters

A
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Font ) X
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Postprocessing — Section Plane (2)

Customer Training Material

* Define Location details

— Under Geometry select Y as Variable and set the value to 9 m and set Color
and Render as shown below.

Details of xzplane Details of xzplane Details of wzplane
Geamekry | Zolar || Render " Wiew | | Geometry | Color | Render || Wiew | Geometry " Colar | Render | Wiemw |
Domains |F'-|| Domains V| D Made Wariable \V| = Transparency |':'-':' | B
Definikion
Varish |Temperature /l [E Drraw Mode |Sm-:u:uth Shading V|
Yariable i W D |
Range ialobal v _ .
Bounfary Data (%) Hybrid " Cnnserrative ? Face Culling |N':' Culling v|
. 291,856 [K]
ighting pecy
s 1200 [K] B
Boundary Data  Hybrid Conseryvative [] shaw Mesh Lines
Color Scale |Linear vl r [] Apply Texture 3
[ Reset ] [ Defaults ] [ Apply l [ Reset ] [ Defaults ] [ Apply ] [ Reset ] [ Defaults ]

—  Click Apply. Switch off the previous Location (Walls) by unchecking it in the
Outline.

= User Locations and Plots
E‘L'_-' Default Transform
[}3 Default Legend view 1

W xezplane

Eni Walls %
& wireframe
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Postprocessing — 3d Isosurface R —————

* Add a 3d Isosurface representing gases

— Use the same procedure - select Locations > Isosurface, enter a name (“Gas )
and ClICk OK @ B2 : Results - CFD-Post

File Edit Session Insert Tools Help

EEEH RN 90 Buan - FEESEIP S ETHO x dEE KW OO 2 S N E] s b

Outling | Varisbles | Expressions | Cale. @ * Pyt 3|$|@ @ E E O %
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\ v| 1 P% wall_jethousing
— = & Fluid_jet
| D C1P% interior _jet_in Fluid_jet
[P inkerior_jst_out Fluid_jst
1P wall_jet
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Postprocessing — Streamlines (1)

Customer Training Material

* Add 3d streamlines to visualize flow

=

—  Click the Streamline button ** ‘E( =0 and enter a name (“Streamlines”).
My

- .

—  Apply the Details as shown and click Apply.

Details of Streamlines Details of Sktreamlines
Geometry | Color " Symbiol " Liriits || Re 4 ¥ aeometry | Color | Symbol " Lirnits " Re  *
Type |3D Streamline v| Mode |'u'aria|:|le w |
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Range |Llser Specified v|
Skart From <inlet_exhaust w []
~— — Mir 300 [K] | 350000
Sampling |Equa||';.f Spaced vl
= i R B | 400 [K] | 325.000
# of Paints Q ) = |
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Direckion |Eia-:kwar|:| ) vl I ] .
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[ Reset H Defaults ] Apply [ Reset ][ Defaults
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Postprocessing — Volume Rendering —————————

* Add Volume Rendering |
—  Click the Volume Rendering button sqvelis and enter a name (“Gas
,, S 4fidone e
Volume”).
—  Apply the settings shown below under the Geometry tab, switch off the other
Locations and click Apply.

% B2 : Results - CFD-Post A
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3.500
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ANSYS, Inc. Proprietary Release 13.0
December 2010

© 2010 ANSYS, Inc. All rights reserved.



WS3: Modelling Multi Species Flow I\NSYS

Save and Close

Customer Training Material

* Other Features
—  There are many other features available in CFD POST
— Animations
—  Expressions & Functions
—  Charts & Tables
— Automatic Report Generation
—  Multiple Case Comparison

—  Close CFD POST (File > Quit) and save the project from the Workbench Project
Page.
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