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|
We I co m e = Customer Training Material

* Introductory tutorial for FLUENT
— Starting from existing mesh (generated in earlier tutorial)

— Model set-up, solution and post-processing

— How well do the fluids mix? the key simulation
<€ outcomes from the start.
— What are the pressure drops? You can use these to
monitor solution progress.
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Sta rt i n Wo rk be n c h Customer Training Material

- If starting from a ready-made mesh file (*.meshdat),
start Workbench and import the file (see screenshot below)

— and save the project
 Alternatively, start in the Workbench project that generated the mesh

a' Unsaved Project - Workbench . = ’EUE‘
m Edit Wiew Tools Units Help & Import
d Mew e 2 Refresh Project 7 Update Project | ()P G <1 « Wor.. » ANSVS13_FLUENT Tutorial_... ~ [ %2 | Search ANSYS13 FLUENT_Tuto... 0 |
£ Open... cirl40 . 3w
H save Ctrl+5 Organize * New folder == [ @
& save ss... 2
Bl savess Name Date modified Type Size
_B} Save to Teamcenter... L
| (3 fluidtee.meshdat D 19/10/201010:00  ANSYS 130 .mes... 4,424 KB|

IVE. ..

B8  Restore Archive...

Scripting »

EKM 3

1 C:\Users\mginalsk\Desktopitest. wbpj

2 G\, \05-May\ 152620124 MaciejZdanowiczjob-176-ucr-assy.whbpj
3 D:'\Data\nacdej\9-Temp\SCOM. wbpj

4D:\.. \0-MittalProject0-GeometryMeshWE-Files-v 13, wbpj

Exit Crl+Q
B Shape OFtmization
[z Static Structural
ﬁ Static Structural (ABAQUS)(Beta)

¥ 5 File name: fluidtee.meshdat < Importable Mesh Files (*.cmdb; « :’
[z Static Structural (Samce
Y steady-State Thermal { Open S] Cancel

ﬂ Steady-State Thermal (ABAQUS) (Beta) Messages * 3 x
ﬂ Steady-State Thermal (Samcef) (Beta) A B c D
Th |-Electri
@ e i Type Text f... | DatefTime
Bz Transient Structural
ﬁ Transient Structural (ABAQUS) (Beta) =
| T View All / Customize...
o Ready [IEI Show Progress HLJL Hide 0 Messages ]_:5
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Sta rt a F L U E N T case Customer Training Material

- Drag a FLUENT analysis into the project
W Promcischenate

Dragging the mesh into

| B Analysis Systems | T the FLUENT analysis tells

o — Rl — Workbench which mesh

Explicit Dynamics i i i format is reqUired. The

Ig E:E:SEIIE:EFCEL)::IIENT} | i 2!@ Geometry v 4 Create standalone system status icon changes to

" \\E i Sli‘iﬂ:fd;f"ﬂ"': Update to signify that the
Linear Bucklin Ll

g Linear Buckli_nE (Samcef) (Beta) —/ rCnOenSVhe:tZ\gl anr?desvsrlitoeae

(] Magnetastatic

* Drag the existing mesh into the FLUENT analysis Setup cell

— then Update the mesh (Right-click on = @ v+ ~ .-) to convert and write
the mesh for the FLUENT analysis.

A -

# | Mesh

8 = Mesh 8 % Fiuid Flow (FLUENT) 1 g
2 [ Geometry + 2 |G Geometry Pl 2 @0 Geometry ' &,
3|.Mesh \/d 3 |§@ Mesh ?, E> E.Mesh :?@ e Gl it ‘;y‘
Model \-_9'? Transfer 43 | Model i =
5 Solution Z 53 Duplicate | UENT)
6 @ Results = “ Transfer Data To New 1
5 4
Fluid Flow (FLUENT) (/7 Update
| Refresh
I ! d
* Double-click on Setup to launch FLUENT e
— click OK on the FLUENT Launcher screen -
Quidk Help

ANSYS, Inc. Proprietary Release 13.0
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FLUENT interface

NANSYS

Customer Training Material

The main commands
are reached from the
navigation pane

Some useful
commands have
toolbar buttons

Each item in the
navigation pane brings
up a new task page.
A typical workflow will

One or more graphics
windows will be
available (shown here
with reduced size)

The console window
displays text, and can
accept TUI (Text User
Interface) commands

tackle these in order

= B:Fluid Flow (FLUENT) FLUENT [3d, L-Ims\, lam] [FluentLM]

File Mesh Define 5Solve Adapt JSurface Display Report Parallel Miew Help

-wme B el s @ e o

Reports

1: Mesh
roblem Setup General
L
Models
Materials [ Scale... ] [ Check ] [Report Quality ]
o
Cell Zone Conditions Dl
Boundary Conditions Solver
Mesh Interfaces
Dynamic Mesh Type Velodty Formulation
Reference Values (@ Pressure-Based (@ Absolute
Solution () Density-Based () Relative
Solution Methods -
3 ime
Solu_ton Controls @ Steady
Monitors & Mo
Solution Initialization S e
Calculation Activities [ Gravity -
R
Run Calculation Z/L“
Results
Graphics and Animations
Plots ——

ARNSYS FLUENT 13.0 (3d, pbns, lam)

Preparing mesh for display...
Done .
Writing Settings file. ..
writing vp variables ... Done.
writing domain variables ... Done.
writing fluid {(type fluid) (mixture) ... Done.
writing wall-fluid (type wall) (mixture) ... Done.
The Help bUttOﬂ writing interior-fluid {(type interior) (mizture) .
. writing inlet-y (type velocity-inlet) {mixture) ..
writing inlet-z (type velocity-inlet) (mixture) ..
q up u
writing outlet {(type pressure-outlet) {(mixture) ..
_ 1Fi writing zones map name-id ... Done E
context-sensitive | 3
help pages T, ] e
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M es h S ca I e a n d c h e c k Customer Training Material

o Press ‘CheCK, Scale. ., Check, Fepaork Quality
- [ Display... ]
- review the text output '—

Domain Extents:
#-coordinate: min {m)
y-coordinate: min {(m)
Z-coordinate: min {(m)

Uolume statistics:

¥.619977e-02
3.5560880e-81
3.74650808e-81

~F.619977e-082, max (m)
-3.556080e-81, max {m)
-7 .6200080e-02, max (m)

minimum volume {m3): 3.882075e-08 H ; ;
maxinum volume (m3): 1.872221e-06 The mesh check ensures that Mesh quahty Is very important
total volume {m3): 1.5342087e-82 ..

Face area statistics: each cell is in a correct format for gett;ng al C;_)nve_rl._ghed’ ;
mininun face area (m2): 7.836273e-86 and connected to other cells as accurate soiution. The wors
maximum fFace area (m2): 3.183308e-84 ) ceIIs WI” have an orthogonal

Checking mesh. ... .. ................. expected. It is recommended to

quality closer to 0, with the best
cells closer to 1. The minimum
orthogonal quality for all types
of cells should be more than
0.01, with an average value that
is significantly higher (0.2). The
maximum aspect ratio is 34.8,
which is high, but acceptable in
inflation layers. If the mesh

Done.

check every mesh immediately
after reading it. Failure of any
check indicates a badly formed
or corrupted mesh which will
need repairs prior to simulation.

* Press ‘Report quality’
- review the text output

writinﬁ inlet-y {type uelu't:ity—inlet) {mixture) ... Done. [ : : o
writing inlet-z (type velocity-inlet}) {mixture} ... Done. qua“ty IS unacceptable It IS beSt
writing outlet (type pressure-outlet) {mixture) ... Done. i
writing zones map name-id ... Done to remesh before prO_Ceedmg'
e S Sy There are other possible
Orthogonal Iiuality ranges from B to 1, where values close to 8 correspond to low quality. remedieS in FLUENT, SUCh as
Minimum Orthogonal Quality = 3.708928e-@1 .
Maximum Aspect Ratio = 3.4818%4e+81 conversion to polyhedral cells.

ANSYS, Inc. Proprietary Release 13.0
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NANSYS

Display geometry

Customer Training Material
* Press ‘Display’
— set ‘Edge Type’ to ‘Feature’, press ‘Display’ and then ‘Close’

& Mesh Display S aa s (@) nE-o-
Options Edge Type General | 1: Mesh
[ Modes i i e
¥ dges
[|Faces (7 Outling Scale... [ Chedk ][Reporto_uality]
["] Partitions C ey )
Shrink Factor  Feature Angle e
| 0 | @ Type Velocity Formulation
(@) Pressure-Based (@ Absolute
Surface Name Pattem_ w (") Density-Based () Relative
Surface Types EE T
i - @ d
(Outine) e = =
exhaust-fan ==
fan b [ Gravity
( Close_L) Heb |
- L Ll n
- Adjust the view if you like
= = . e
— in rotation mode: |5
 drag left-mouse-button rotates

« drag middle-mouse-button zooms (to zoom in, drag down and right)

(to zoom out, drag up and left)
 click middle-mouse-button centre origin on click

ANSYS, Inc. Proprietary Release 13.0

December 2010

© 2010 ANSYS, Inc. All rights reserved.
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Change units of temperature

* Click ‘Units’
— select ‘Temperature’ to be ‘c’ (Celsius)
— click ‘Close’

Customer Training Material

General Set Units ||
Mesh Quantities Lnits Set All to
[ scale.. |[ check |[ReportQuaity | Hsurhce—tensinniradient - ek
temperature-inverse T E
salier temperature-difference f
Type Velodty Formulation ﬁerma:{nr!dgc_hwty
@ Pressure-Based (@) Absolute r il _""llt!'f' i
(") Density-Based () Relative thermophoretic-diffusivity
Hime Factor |
time-inverse B
1_
.:i_lngteady time-inverse-cubed L4 Offset [573 15
(7) Transient turb4kinetic-energy-production :
turbulent-energy-dissrate ad
[ Gravity T gy

[New...] [ List ]@| Help |

FLUENT stores values in Sl
units. Most postprocessing can
be converted to other units.

ANSYS, Inc. Proprietary Release 13.0
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Activate models

Customer Training Material

* Double-click (or click and press ‘Edit...’) the following models:
— Energy Equation: On
— Viscous model: ‘k-epsilon’, ‘Realizable’

Activating the Energy
|| equation allows

Problem Setup Models temperature dependent
= Model
odels problems to be solved.
Phases iernus - Lamina
Cell Zone Conditions dignon - o [ oK ] [ Cancel ] [ Help ]
Boundary Conditions :eat- EXdWSfI'IFgEY - Off
Mesh Interf: peaes -
DE;am?c:e:;es Discrete Phase - Off E Vizcous Maodel -
L Solidification & Melting - OFf
Reference Values Acoustics - Off Madel Model Constants
Solution () Inviscid C2-Epsil =
silon -
Solution Methods @) Laminar
Solution Controls o i | 19
Manitors o : ras (1 eqn)
Solution Initialization ‘ 9 k-epsilon (2 ghn) TKE Prandt Mumber
Calculation Activities ':;' eqn) | 1 E
Run Calculation () Transition k-kl-omega (3 egn)
Results b4 ;ransiill:nSS:T {4(;‘]”} ) TCR Prandt] Mumber
(7) Reynalds Stress (7 egn
Graphics and Animations Edit... — s : 3 5 g | 1.2
Plats () Scale-Adaptive Simulation (SAS)
Reports () Detached Eddy Simulation (DES) e ienliti s il
() Large Eddy Simulation (LES)
| 0.85

k-epsilon Model 5

. . 71 Standar User-Defined Functions
Turbulence modelling is a complex . i -
area. The choice of model depends [none ™)

. . Mear-Wall Treatment Prandt Mumbers
on the application. Here, the © Starord Wl Fucons TR o
Realizable k-epsilon model is used. b A e M -]
This is an improvement on the well- e e = Prondl Numher | 1
eStab“Shed Standard Eneray Prandtl Number -
k-epsilon model. Accept the s .
remaining default settings.
[ oK ] [Canoel] [Help ]

ANSYS, Inc. Proprietary Release 13.0

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



WS1: Mixing Tee

NANSYS

Define a new material

Customer Training Material

* In Materials, click ‘Create/Edit...’
— click ‘FLUENT Database...’
— select ‘water-liquid’, press ‘Copy’, then close both windows

Problem Setup
General

= — vinyl-silylidene {(h2cchsih) P [ﬂuid v]
= ik vinyl-trichlargsilane (sid3ch2ch) )
: e Tinylidene-chioride (g Qrder Materials by
Cell Zone Conditions aluminum

Materials

Materials

FLUENT Fluid Materials

FLUENT Database Materials

[E] [5] Material Type

wateriguid

(@) Name

Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

ter -y
wood-volatiles {wood_vol)

[]|| © chemical Formula

4 | 1 3

Solution
Solution Methods

Create/Edit Materials

Solution Controls e Material Type ey Dk b

Maritars | air [ fuid ,] @ Name <
Solution Initialization _ () Chemical Formula '] S
Caleulation Activities Chemical Formula FLUENT Fluid Materials ]

Run Calculation |

[air _]( FLUENT Database... )

Results —
Graphics and Animations Mixkure M = ] v] s
Plots none
Reports Properties ]
Density (ka/m3) - ... o
(o) [|°°”5“””t Lo
1,225
Cp (Specific Heat) (ikak) lmnsmnt _] Edit... ]
| 1006.43 -
. Thermal Conductivity (wfm-) [mnsmnt v] Edit... 3 @ '}Eﬂ
The default available =
fluid is Air. This step ,
: ) Viscosity (kg/m-s) [constant =) [ Edt...
copies Water into the
) . | 1.7894e-05 |4
simulation. =
[ChangefCreate ] [ Delete ] £ Close i [ Help

Release 13.0
December 2010
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Cell Zone Conditions

Customer Training Material

* In ‘Cell Zone Conditions’, double-click the zone called ‘fluid’
— Change Material Name to ‘water-liquid’
— accept all other settings

Problem Setup Cell Zone Conditions

e = Alternatively, click once
Hodek o e R = on “fluid’ to highlight it,

¢ e and then click ‘Edit...".

Mesh Interfaces [C] Frame Notid = g [erms
Diynamic Mesh [C]Mesh Mo lues

Reference Values [~ Parous Zone

Solution Reference Frame | Mesh Moﬁonl Porous Zonel Embedded LE5| Reacﬁonl Source Termsl Fixed \c'aluesl Muln‘phasel
Solution Methods
Solution Controls Rotation-Axis Origin Rotation-Axis Direction

Monitors ¥ ) »
0 __ta t - 0 __ta t -

Solution Initialization constan constan

Calculation Activities ol Y5 — -

Run Calculation __

Graphics and Animations | Fhiase Type D
Reports

[ Edit... ] [ Copy... ][Proﬁles... ]
[ Parameters... ] [Operat'ng Conditions. .. ]

N

P_DI’DUS Formulation N
(@) Superfidal Velodty —
Physical velocty \

Throughout the problem
setup there are many
options that are left to default
settings as they are not
relevant to this particular
type of analysis.

ANSYS, Inc. Proprietary Release 13.0
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NANSYS

Customer Training Material

Boundary Conditions

* In ‘Boundary Conditions’, double-click the zone called ‘inlet-y’ and
set the following under the Momentum tab. Set Temperature under

the Thermal tab.

— Velocity Magnitude 5m/s
Hydraulic Diameter 0.15m Temperature 10°C

Turbulent Intensity 5%

N\

; outlet
wall-fluid

Dynamic Mesh
Reference Values

Solution Initialization
Caleulation Activities
Run Calculation

Reference Frame [Absolute

Velocity Magnitude {m/s

[consiant

Supersonic/Initial Gauge Pressure (pascal) [ [mngmnt

Hydraulic Diameter (g

ﬁ'ﬂ'm@i!"}@@/“@\&ﬂg'uﬂ 3 velocity Inlet -
' e Inlet flows bring
s Sy = turbulence with them.
General \ g
Modelsl (h‘ Momentum | Thermal |Yradiation | Species| DM | Mutiphase | ups | The quantltles depend
Materials "y
Phases interior-fuid Velogip#Spedfication I'"'le'f”"d[I‘~‘1agnin.|de, Normal to Boundary v] on the upstream

conditions so they are
user inputs. For flow in

Solution v pipes, turbulent
:2:322; :;E:rocj: Specification ME@ and Hydraulic Diameter ’ I n te n S Ity IS typ I Ca I Iy 5 tO
Manitors e T

10%. The length-scale
of the turbulence can

Rets be deduced from the
Graphics and Animations | Fhase Type D [ ok | [cancel] [ Hep | . .

Plots mixture 6 p|pe dlametel’

Reports

ANSYS, Inc. Proprietary

Momentum  Thermal | Radiation | Species| DPM | Mutiphase | DS |

Temperature (C}<1[) , [mnsmnt

7

[ Edit... ] [ Copy... ][Proﬁles... ]

[ Parameters... ] [Operah'ng Condiﬁons...] Uek-_.cﬂy Inlet
Periodic Conditions... Zone Name

["] Highlight Zone | inlet-y

Release 13.0

© 2010 ANSYS, Inc. All rights reserved.
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Boundary Conditions ANSYS

Customer Training Material

- Double-click the zone called ‘inlet-z’ and apply the following settings

— Velocity Magnitude 3m/s  Turbulent Intensity 5%
Hydraulic Diameter 0.10m Temperature 90°C

* Double-click the zone called ‘outlet’
— for this problem the outlet gauge pressure is 0

— turbulence must still be specified and is referred to as ‘Backflow’ when
specified on an outlet.

— for backflow: Turbulent Intensity 5%
Hydraulic Diameter 0.15m Temperature 30°C

The simulation may predict that flow enters the model through
parts of the outlet. This backflow will bring turbulence and
energy back into the model. However, the model cannot predict
how much (because the flow is coming from outside of the
model). It is therefore necessary to specify backflow conditions.
Ideally, the geometry should be selected such that flow enters
the model only at well-defined inlets. The backflow settings then

do not affect the final solution (although they may be used in
intermediate iterations).

ANSYS, Inc. Proprietary

Release 13.0
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Second-order discretization

Customer Training Material

* In ‘Solution methods’
— accept default option for Gradient method

— select ‘Second Order’ for pressure
— and ‘Third Order MUSCL’ for all other quantities

Problem Setup Solution Methods
General Pressure-Velodity Coupling
Models
Materials Scheme
Phases |SIMPLE -]

Cell Zone Conditions

Boundary Conditions Spatial D) Fadign

Mesh Interfaces Ppfzsure -
Dynamic Mesh Second Crder \ v]
Reference Values anceiian \ n

Soluti | Third-Order MUSCL - |
[ @:olution Methods Turbulent Kinetic Energy
| Third-Order MUSCL v

Manitors — 2
Solution Initialization Turbulent Dissipation Rate
Calculation Activities lThird-Clrder MUSCL V]
Run Calculation Energy /
Results N Third-Order MUSCL - U

Discretization schemes define how the solver calculates
gradients and interpolates variables to non-stored locations. The
default schemes are First Order — generally more stable but less
°T“3”5ie”t ™ accurate than other schemes. Often, users run First Order

discretization initially and switch to higher-order schemes for the
final solution. This case is simple enough to use higher-order
schemes from the start.

Graphics and Animations
Plots

Reports

Mon-Tterative Time Advancement
Frozen Flux Formulation

ANSYS, Inc. Proprietary Release 13.0

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

NANSYS

* In ‘Monitors’, press ‘Create...’ for a Surface Monitor

— Name ‘p-inlet-y’
Area-Weighted Average

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution
Solution Methods

; ols
== 5
; ization

Calculation Activities
Run Calculation

Results
Graphics and Animations
Plots
Reports

Monitors

Residuals, Statistic and Force Monitors

Statistic - Off
Drag - Off
Lift - Off
Moment - Off

Edit...
Surface Monitors

\

Create... [gidit... | | Delete

R
Volume Monitors

Edit... | [Delete

Plot in window 2

Customer Training Material

Accept ‘Static pressure’
in the sub-category
menu.

Pressure inlet-y

E Surface Monitor
May Rey

I< p-nlet-y > Area-Weighted .ﬂweragﬁ v]
Options - _ ]
. Console ressure;

A\ [ Stafic Pressure ,]

EE

Curves...

(i

File Marme

Q

interior-fluid
outlet
wall-fluid

| surf-mon-1.out

¥ Axis

[Iterah'on

Get Data Every

| 1 % Iteration

[ Highlight Surfaces

\

ANSYS, Inc. Proprietary

© 2010 ANSYS, Inc. All rights reserved.

By default, FLUENT reports values of the residuals, which are
indications of the errors in the current solution. These should
decrease during the calculation. There are guidelines on the
reductions that indicate a solution is ‘converged’.

It is also recommended to observe other important solution
quantities. In the current case, we will use pressure drops and
temperature as monitors.

Release 13.0
December 2010
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NANSYS

Customer Training Material

* In Monitors, press ‘Create...

— Name ‘p-inlet-Z’
Area-Weighted Average

* In Monitors, press ‘Create...
— Name ‘tmax-outlet’

’ for a Surface Monitor

Plot in window 2¢— |

Not the default, 3 (which
puts the new monitor in a
new window).

Pressure inlet-z

’ for a Surface Monitor
Plot in window 3

Accept ‘Static pressure’
and ‘Static temperature’
in the sub-menu.

-
Vertex maximum Temperature outlet
Surface Monitor @ [ Fa
T 3
N:Hax_ouﬂe RZWT@“‘EX i— = ) E:;;u Cg:gﬁ; vSeIrtS:itﬁammum of Static Temperature with offset (273.15).
Options
Temperature. .. - ]
Console > 4
( [¥]Plot Mture v]
Surfaces E] E]
inlet-y

Curves... AXES...

il
File: Mame [

| surf-mon-2,out

inlet-z

n Axis
’Iterah'on
Get Data Every

id
3l -fiui

Here is an instance
where FLUENT does not
convert units. Click OK.

=] E
| 1 = Iteration v]
[ Highlight Surfaces
Ok ancel Help

4

——

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

Customer Training Material

* In ‘Solution Initialization’
— select ‘Hybrid Initialisation‘ under Initialization Methods
— click ‘Initialize’

Problem Setup Solution Initialization Initialization creates the initial solution that the solver will
General bz Methods iteratively improve. Generally, the same converged solution is
::S:rlisals % Hybrid Initialization reached whatever the initialization, though convergence is
Phases StarereirtETa tion easier if they are similar. Basic initialization imposes the same
Cell Zone Conditions i i i i i —
o e (Hossctineses)((inicia]) values in all cells. You can improve on this in various ways for

example, by patching different values into different zones.
Mesh Interfaces Patch ) ; i i
Dynamic Mesh Several features, including patching and post-processing, are
RN not available until after initialization.

Solution
Solution Methods . egr _ys . . . .

e odufion Contrals Hybrid Initialization Method - is an efficient method of

i initializing the solution based purely on the setup of the

g “t"”l”'“"m simulation with no extra information required. This method
Run Calculation produces a velocity field that conforms to complex domain

Results geometries and a pressure field which smoothly connects high
Graphics and Animations and low pressure values.

Plots
Reports

ANSYS, Inc. Proprietary Release 13.0

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

Customer Training Material

* In ‘Run Calculation’

— click ‘Check Case...’
* see ‘No recommendations to make at this time’

— set ‘Number of Iterations’ to 200
— click ‘Calculate’

Problem Setup Run Calculation
G I —_—
Mzr;:: r Chedk Case... Preview Mesh Mation...
—————
Materials
Fhases Mymber of Iterations Reporting Interval
Cell Zone Conditions ( 200 > % | i %
Boundary Conditions
Mesh Interfaces Profile Update Interval
Dynamic Mesh | 1 %
Reference Values
Solution [ Data File Quantities. .. ] Acoustic Signals...

Solution Methods
e —

e (_ Caalate )
Calculate

Monitors ( S —— ]

Solution Initialization

¢

Resu

Graphics and Animations
Flots
Reports

ANSYS, Inc. Proprietary Release 13.0
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NANSYS

Calculating

Customer Training Material

» While calculating, review residuals and monitors i
Calculating the solution. ..

— change graphic windows using the drop-down box

B:Fluid Flow (FLUENT) FLUENT [3d, pbns, rke] [FluentLM] ol @ =z :
File Mesh Define Sol:e_ Adapt Sgrfacel Display Report Para.lllel View Help An alternat|ve Way to
54 BOET QA QAN O] ion i
(= | 1 ' stop calculation is to
: : Scaled Residuals *
Run Calculation
B e 1: Scaled Residuals preSS CTRL-C-
;E”EFE| Presviesw Mesh Mabion. .. 2: Convergence history of Static ;
odels 3: Converg ory of Stati
Materials y ) . .
I Number of Iterations E]Reporhnglnterval In th|S S|mp|e Case’ 200
Cell Zone Conditions |ZU[J = |1 1l . .
Boundary Conditions = I ity || IteratlonS (Or fewer) are
Mesh Interfaces Profile Update Interval =
3 3mm
Bnecaichied L S enough to reach low
Reference Values "
Sobton Acoust sga.. M residuals and stable
Solution Methods “erex zumm .
Saluton Contok Vi . - values of monitors.
Moritors Jmm cC .
Solution Initialization -
e o —Egﬁ tes01 Most cases require
rep osion it
RESLI“E. . . R o a a 21] @ 1m 13 1 160 1e01 v many more-
slr:tsphlcs and Animations eiiafia
Reports 1e-02
1e-03 —
Cormvergence history of Static Temperature on outlet Qct19, 2 Eeaee L
AMEYS FLUEMT 13.0 {3d, phns, 1e-04 - e
iter continuity x-velocity y-velocity z-velocity 1e-05 T——
155 1.09085e-83 5.4858e-86 2.1648e-85 8.1592e-86 5.9
156 1.1177e-83 5.2558e-86 2.0718e-085 7.6748e-86 5.7 1e-06
157 1.0269e-83 5.6782e-06 2.0810e-05 7.10854e-86 5.5
158 1.0316e-83 4.8585e-86 1.9205e-05 6.7477e-86 5.3 1e-07
t 159 solution is converged 20 40 60 80 100 120 140 160 180 200
159 9.8659e-84 4.6983e-86 1.8672e-085 6.26108e-86 5.1 lterations
14| [0} |
Scaled Residuals Nov 02, 2010
ANSYS FLUENT 13.0 (3d, pbns, rke)

ANSYS, Inc. Proprietary

© 2010 ANSYS, Inc. All rights reserved.
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P rel i m i nary pOSt-p rocess i n g Customer Training Material

* In ‘Graphics and Animations’, select Contours, press ‘Set Up...’
— select ‘Filled’ contours of ‘Turbulence...Wall Yplus’on ‘wall-fluid’
— press ‘Display’

Yplus is a measure of whether
the mesh near the walls
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Check mass and heat balance R T————

* In ‘Reports’, select ‘Fluxes’ and press ‘Set Up...’

— compute ‘Mass Flow Rate’ and ‘Total Heat Transfer Rate’
for inlets and outlets — check that ‘Net Results’\are small
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Exit FLUENT

 Exit FLUENT - simulation case and data files are written on exit

* In Workbench, double-click ‘Results’ to launch CFD-Post
— in the FLUENT session, we have completed Setup and Solution

Customer Training Material
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CFD-Post

* The results are loaded

- CFD-Post initially displays the outline (wireframe) of the model
— viewer toolbar buttons allow you to manipulate the view

Customer Training Material

@ B4 : Fluid Flow (FLUEMT) - CFD-Post EI

File Edit Session Insert Tools Help
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& Pans the view as vou drag with the mouse. Alternatively, vou can pan the view by holding down Ctrl and the
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o) Adjusts the zoom level as you drag with the mouse vertically. Alternatively, you can zoom the view by holding
— down Shift and the middle mouse button.
K’

Zooms to the area enclosed in a box that vou create by dragging with the mouse. Alternatively, vou can drag
and zoom the view by holding down the right mouse button.
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Temperature contour plot

Customer Training Material

* Press the contour button
— accept the default name ‘Contour 1’
— set ‘Locations’ to be ‘wall fluid’, and ‘Variable’ to be ‘Temperature’
— press ‘Apply’

& B4 : Fluid Flow (FLUENT) - CFD-Post = o =)
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pan tools.

ANSYS, Inc. Proprietary Release 13.0

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



WS1: Mixing Tee AN SYS

Create a plane

Customer Training Material

- Hide the contour plot by unchecking it in the tree view

* In the ‘Location’ menu, select ‘Plane’

— accept the default name ‘Plane 1’
— set ‘Method’ to be
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Ve I o c i ty Ve CtO l' p I Ot Customer Training Material

- Hide the plane by unchecking it in the tree view «___| The plane is used only as a

* Press the Vector button 4: (accept default name) location for the vector plot.
— set ‘Locations’ to be ‘Plane 1’ and press ‘Apply’

@ B4 : Fluid Flow (FLUENT) - CFD-Post EI

File Edit Session Insert Tools Help
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Predefined Camera views and shortcuts

Customer Training Material

» Since the vector plot is on the YZ-plane, select a normal view
— click with the right mouse-button in the view window Alternatively, press .

— select ‘Predefined Camera’ then ‘View From +X’ -~ Keyboard shortcuts are
listed by pressing here.

@ B4 : Fluid Flow (FLUENT) - CFD-Post
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NANSYS

Streamline plot

* Hide the vector plot by unchecking it in the tree view

- Press the Streamline button & (accept default name)
— set ‘Start from’ to be ‘inlet y’ and ‘inlet 2’
— in the ‘Symbol’ tab, set ‘Stream Type’ to be ‘Ribbon

Customer Training Material

Ribbons give a 3-D
representation of the
flow direction.
In the current plot, the
colour depends on the
flow velocity.

- Press ‘Apply, @Bﬁl:Fluid Flow (FLUENT) - CFD-Post

File Edit Session Insert Tools Help
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Velocity isosurface

NANSYS

Customer Training Material

* Hide the streamline plot by unchecking it in the tree view

* In the ‘Location’ menu, select ‘Isosurface’ accepting the default name
— in the ‘Geometry tab’, set ‘Variable’ to ‘Velocity’

and ‘Value’ to ‘7.7 [m s*-1]’ — Click ‘Apply’ <

@ B4 : Fluid Flow (FLUEMT) - CFD-Post
File Edit Session Insert Tools Help

Outline Variables Expres -4 Paint
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£ wireframe @ Plane
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S

This is just one
example — you can try
other values.

3D Viewer | Table Viewer I Chart Viewer I Comment Viewer Report Viewer

The velocity magnitude
is greater than 7.7m/s
inside the isosurface ,
and less than that
outside it.
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Velocity isosurface

- By default, the isosurface is colored by velocity magnitude
* In the ‘Colour’ tab
— select ‘Mode’ to be ‘Variable’, ‘Variable’ to be ‘Temperature’,
‘Range’ to be ‘Local’, and press ‘Apply’
& B4 : Fluid Flow (FLUENT) - CFD-Post =N EcR ™=

File Edit Session Insert Tools Help

E g2 9 Puaton - X EESTT &6 H"hO *x IEAE AW OMO2 F £

Customer Training Material

Outline | Variables I Expressions I Cal * |+ *: +I-; & & & O~ g

Viewl -

E‘g Default Legend View 1
W Isosurface 1
] & Plane 1

[ &5 streamline 1

Details of Isosurface 1

™R

Geometry Color Render View
Mode < Variable ) v]
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B e | i
Range LI - 2. 946e+002
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Max 330.101 [K] K 2.828e+002
Boundary Data Hybrid @ Conservative
Color Scale lLinear - l L
Color Map [DEfEuIt{Rainbow} v] e ThlS IS the end Of the
ey o ( \ tutorial. To be able to
\\J revisit this problem,
quit CFD-Post and
m [ Resct ] [ Defadls ] 3D Viewer | Table Viewer I Chart Viewer Comment Viewer Report Viewer save the projeCt In
Workbench.
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NANSYS

Further work

Customer Training Material

* There are many ways the simulation in this tutorial could be extended

- Better inlet profiles

— current boundary conditions (velocity inlets) assume uniform profiles
— specify profiles (of velocity, turbulence, etc), or
— extend the geometry so that inlets and outlets are further from junction

Actually, the current

* Mesh independence mesh is probably not

— check that results do not depend on mesh < fine enough —one
] ] . ] indication of this is that
— re-run simulations with finer mesh(es) low-order discretization
- generated in Meshing application, or gives different answers.
» from adaptive meshing in FLUENT Note that, by default,

there is no gravity in the

. ) . . model — this is a setting
Temperature-dependent physical properties in the General task
— density

page.
- differences could lead to buoyant forces (with gravity turned on)
« quite small effects in this case

— viscosity, etc
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