Computational Fluid Dynamics

2019 autumn, 1st week



e Tamas Benedek
* benedek [at] ara.bme.hu
« www.ara.bme.hu/~benedek/CFD/icem

The most important rule:
Dont use space or specific characters in:
File names, path, part names, etc. (howhere)

* Working directory: C:\Work - create your
own, for example: Work\quentin_tarantino (if
you are Quentin Tarantino )


mailto:benedek@ara.bme.hu

Another important rule:

Your work will be deleted, if you turn off the
computer. 2 When you finished, save your
work on a flash drive or send it to yourself
attached to an e-mail




Instructors of ICEM courses:

* Dr. Tamas Benedek (benedek [at]
ara.bme.hu)

* Kristof Tokaji (tokaji [at] ara.bme.hu)
* Andras Tomor (tomor [at] ara.bme.hu)



Agenda
Week1-5: ICEM and FLUENT practice
Week6-8: Individual project
Week9-11: Group project
Week12-13: Tutorials of specific problems

Week14: Presentation of the group project,



Solving a problem with CFD

CAD model
(ICEM/Design
Modeler/Import)

N Mesh generation N Solver
(ICEM) (FLUENT)

WORKBENCH

) Postprocessing
(FLUENT/CFD post/...)




Goal of the present practice

* Make your first mesh in ICEM through the
sample of a 2D pipe
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Geometry



The original geometry (in cm-s)
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Settings
» Settings/Selction/Auto pick mode: turn ON



Point creation

By icem cro 150 ich Lo

TP - 1 ) Select: Geometry, Create Point

B0 EEE @ 5% EB |
ANSYS

2.) Select: Explicit Location

3.) Type the coordinates here

The coordinates of the first point should
' be: 0,0,0 2 Apply

\EEMEFD1ED ‘whark b hZDF
islnd feature s,

!J | You can work in any dimension, because
—— you can scale your mesh in the solver

ssssss
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Point creation

A ICEM CFD 15.0
Fie Edi View Info Setings Help
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Point creation
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Point creation

Wy ICEM CFD 15.0: IC
Fie Edt View Info  Settings Help
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Point creation — the coordinates of the

points
e Jcoomimatesiy)

0 0,0,0

1 32,0,0
2 32,16,0
3 48,32,0
4 48,64,0
5 64,32,0
6 64,64,0
7/ 50,-5,0
8 54,-5,0
9 16,32,0
10 0,32,0
11 50,16,0
12 54,16,0
13 0,16,0



Point creation
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Curve creation (straight line)

1.) Select: Geometry, Create/Modify Curve
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Curve creation (straight line)

To select the endpoint of your i
. =]
line: ¥ |
- click on the ,select location(s)”
g . s) e pnSiilB e

button the select point00 and T RS0

point01 with the L(eft)
M(ouse) B(utton)

- accept your selction with th
MMB

- The wrong selctions can be
canceled with the RMB

+
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Create the other straight lines the
same way!

Curve creation (straight lines)

PRSI T N W o ey - v /e e e
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{1 Subsets
& Points
& Curves
W Parts

Create/Modify Curve @
Part | =] =
' Inherit Fart

AR
$ e 1%
7O

From Points

Foints |

put. 10 pne_ 09
pat 01 $nt. 02
.00 ont 13

mt._ 04 nt. 06
pne 03 pnt._ 05
gt 1lpnt. 12
nt. O%mt. 08
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Data objects:
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Curve creation (Arcs)

Wy ICEM CFD 15.0: IC

Fie Edit ‘“iew Info  Settngs Help
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Create arcs, which fit on o e
“* three points

1.) Select: Arc
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Create intersection points

el oS
=l

Wy ICEM CFD 15.0: ICM
Fie Edit “iew Info  Settngs Help

| Mesh | Blacking

5,%'555%@ Hlum 1.) Select: Geometry/Create Point
TMLJJ;}-QQ@@@@ xE&J@”&Y@&mM

4.) Repeat it with the arc and
the other straight line

3.) Select the large arc and the |
straight line with the LMB (you /
2.) Select: Curve can cancel with the RMB) S Y s
intersections \ /
/

Create Point / @
a I

max: B4 540
Selected visible curves [3)
cccccc

:::::
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Segment curves

Wy ICEM CFD 15.0:1CM | |
File Edit View Info Settngs Help =
@ F e.}‘ﬂ")ﬁl Gmsh | Blacking | Edit :
BhesR @@ Juasessi 1)) Select: Geometry/Create — Modify curves | e
T B ‘@E%xwwxﬁﬁﬂwﬁ%@&&m
S | RIS
Segment your arcs at Segment your large arc at the
the middle points intersection points which was

created in the previous step (you
can select the points together)

2.) Select:

Segment curves
y4
Clea‘lefMudify Cuve ,/ @ L . . Select - LM B
Part =
/ Accept — MMB

TR V28 Cancel - RMB
L8 “ X
o] 2. Segment your straigth lines at /
-, theintersection ponits as well :
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Delete curves

W ICEM CFD 15.0: ICM [of

File Edit View Info Settings Help =
=] @ F@EN # (x| Geomeny | Mesh | Blocking | EdiMesh | | Car .
DR s 2g T e i Select: Delete curves
rwgg%xwwxﬁ&ﬂ@@%@a&m
‘ © RI50

- Select the unnecessary
curves with the LMB

- Accept your selection
with the MMB
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Delete Curve @
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Delete curves — The result

Wy ICEM CFD 15.0: ICH

[
File Edit View Info  Settngs Help
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" Log Save| Clear
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Create Parts

Wy ICEM CFD 15.0:1CM e o
File Edit View Info Settings Help =
[m] @ S @EN #) (X | Geomeny | Mesh | Blocking | EdiMesh | Propertes | Conataits | Loads | Scbve Options | Oupas |
BORLE Q@ #\gFeESRXXBEX
—

P8R k0 P QB E~ <R30

' ' T

1) Right click on the parts in
the display tree, Create part

The parts will be your boundaries and
fluid zones in the FLUENT (like the
named selctions in the WB Mesher)

2) The part name should be:
Velocity_inletl (dont use space)

T
(]
®

3) The selected entity: the Select — LMB
vertical straight line on the Accept — MMB
Cancel —RMB

left hand side

zJ




Create Parts

Wy ICEM CFD 15.0: 1M [of
File Edit View Info Settings Help =
[m] @ S @EN #) (X | Geomeny | Mesh | Blocking | EdiMesh | Propertes | Conataits | Loads | Scbve Options | Oupas |
EOREE Q@ # \(ETFSSRRXEN X
Ve xXox k0 gIFr0oL-(2R[80D
R15.0

Change the name to:
Velocity_inlet2

bart [DUTFLOW
H .
[+]
X

3) The selected entity: the /’ Select — LMB

tiny horizontal straight line Accept — MMB
on the bottom Cancel — RMB

Apply Disrriss T



Wy ICEM CFD 15.0: ICM

Create Parts

[of
-l

Fie Edit “iew Info  Setngs Help

B /ef no
BRAXE Q@

Geometry ]Mash | Blocking | Editbssh | Propetties | Constraints | Loads | Solve Dptions | Output |

HFNETEESERXBBX

B Madel

M C
i Parts
& GEDM
& INTERIOR
o

& WELOCITV_INLET1

W wihlld

Cieate Part

Part [OUTFLOW
Create

...

|J% Create the other parts!

Interior
(the tiny curve)

Walll

OUtflOW  —
TEX0S 8 toe s~ »E00D

EE’*"\E

- save your work!

Selecting geometry.
2 entities

Selecting geometry.

When you finished

R15.0

Wall3 Y
L.

Wall2 Select — LMB

Accept — MMB
Cancel — RMB

JL



Blocking, Meshing



Block structured mesh

* The mesh is build up from rectangular (2D) or
cuboid (3D) segments

* The blocks are divided to quad (2D) or hexa
(3D) cells

* The vertices, the edges and the faces of the
blocks are associated and shaped to the
points, curves and surface of the geometry



Definitions in ICEM

Point Vertex

Curve Edge

Surface Face



Sample (the present problem)

Geometry Initial blocking




Sample (the present problem)

The associated blocking




Sample (the present problem)

The final mesh
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Let’s start blocking

e Save your work before start the blocking!



Initialize Blocking

1.) Select: Blocking, Create Block

B» ICEM CFD 15.0: IC

File Edit View Info  Setings Help =
B&/ e,| ) 0 : EditMesh | Propeties | Consiraints | Loads | Selve Dptians | Qutpul |
EORLR QA|FILT s e hase R |
EHid Model i—i

e ANSYS

& Port R15.0

& Cuve

7 Pats

& GEOM

& INTERIOR

W WELOCITY_IMLET1

W waLLe

3.) Selected Part: FLUID (type it)
/ This will be your fluid zone in the FLUENT
¢ ?

t: Initialize block ﬂ I_o>

Iv Initialize with settings

|| Loading C:/Frogram Files/N5S Inc/v150/cemcid/win/icemcid/output-interfaces fluentinsys. beinfo d
Sav df ily boco data to ICM.fbe
Saved attribute data to ICH.alr
Saving project settings ta "ICH.pri"

4.) Select: 2D planar &
[ — 39




Wy ICEM CFD 15.0: ICM
Fie Edt Wiew Info  Seftngs Help

Initialize Blocking

@ /el
Yol CEARN 2]

Geomely | Mesh  Blocking ]Ethesh | Propetties | Constiaints | Loads | Solve Options | Output |

FEAPALOXPARER

The Result

Create Block

Fart [FLUID
I™ Inherit Part Name:

Create Block

oh®e

Initialize Blocks

Type |20 Flanar

Iv Initialize with settings

ANSYS
R15.0

Academic

Cunent project direstory: C: Awork practice /practics_files/dp0/ICMACEMCFD
Part name "fluid" is nof valid, changed ta FLUID

Iritialize: blocking dors

I” Log Sawe| Clear

e e
If you get an infinite block in some direction
close the ICEM and the Workbench without
saving (if you saved your work before). Then
restart it, load your project and repeat the

] 40
whole blocking procedure




Split block

1.) Select: Blocking, Split Block

B» ICEM CFD 15.0: IC
File Edit View Info  Setings Help =

@ /el

Gfbmely |Wesh  Blocki dt Mesh | Propetties | Constiaints | Loads | Solve Options | Dutput |
@Dlﬁﬁ@@@ % @ 5@2{(9.&@@ Select Blocking-ed B3
o : : P R IEEY Y

i Geometry
[ Blocking
& Subsels __R1ad
& Vettices Academic
7 Edges -
Faces
Blocks
Pre-Mesh
Topology

e

Split Block

2.) Select: Split block

Split Block
Block Select e
b4

@ Visble " Selected

Block(s) | .
& 19
Edae | Ay
[~ Copy distribution from nearest parallel edge Dota cbiocts ﬂ
™ Project verices mir: 0 5 0
max B4 640

P Cunent project direstory: C:Awc

= - |em====—" 3.) Method: Screen select o
El e )

»
H

Apply Dismiss



W» ICEM CFD 15.0: ICM

Split block

Fie Edt Wiew Info Settings Help

=l
=]

B&/ e,| ¥ (A | Geomely | Mesh  Blocking | EditMesh | Properties | Constiaints | Loads | Sobve Oplions | Dulput |

B AHE QR ¢dEA#ILOXKIARER

il Model
i Geometry
AT Blocking
& Subsets
W Wertices
W Edges
Faces
Blocks
Pre-Mesh
B8 Topology
W Parts

BESCS

oxe

Select one of the vertical
| edges in order to split your
° block in horizontal direction

Split Block
Block Select
@ Visble " Selected

Block(s) |

[~ Copy distibution from nearest parallel edge

™ Project verices

Split Method

/3

Split Method [Sereen select

Apply Dismiss

e B4 540
Cunent project direstory: C: Awork practice /practics_files/dp0/ICMACEMCFD
Part name “fluid" is not valid, changed to FLUI

Iritialize: blocking dors

Split walue: 0.557835
Split black dore

I” Log Sawe| Clear

Select — LMB

: FEEEIREY Y

R15.U
Academic

T

L

Accept — MMB
Cancel — RMB

=



W» ICEM CFD 15.0: ICM
File Edt “iew Info Seftings Help

Split block

=l
=]

B&/ e,| ¥ (A | Geomely | Mesh  Blocking | EditMesh | Properties | Constiaints | Loads | Sobve Oplions | Dulput |

EOEHE QR dhAiraLtoXaen |

il Model
i Geometry
AT Blocking
& Subsets
W Wertices
4 Edges
Faces
Blocks
Pre-Mesh
Topology

Split Block

Split your blocks in vertical
| direction two times

?

B@GN
o&®

Split Block
Block Select

@ Visble " Selected

Block(s) |

Edae |
[~ Copy distibution from nearest parallel edge

™ Project verices

Split Method

P

-

Split Method [Sereen select

Apply Dismiss

Select Blocking-edge [ x|

L laa lag 1 E%(—)wxﬁma&
R15.U
Academic
B2 38 43 =13
/ .
X

Select — LMB
Accept — MMB
Cancel — RMB

Iritialize: blocking dors
Split walue: 0.557835
Split black dore

Split walue: 0313657
Split black dore

Split walue: 0.540747
Split black dore

I” Log Sawe| Clear

=J



Split block

=l

Wy ICEM CFD 15.0: ICM

Fie Edt Wiew Info  Seftngs Help =
&

Eﬁ,\"/e‘.h")(\\ Geomely | Mesh  Blocking | Edit Mesh | Fropeties | Constiaints

B R%E Qe ﬁ@&fm?@?@“ﬂ.e Select: Delete blocks
- - @1 O 080 %] % @ & B

R15.U
Academic

Delete the two bottom . } 1
blocks on the left and right + g o .

hand side |y

w4

Delete Block z P
IE\DDks | @]

[ Delete permanently

1z 4’ | o
-r/ *
iiiihl Ei%iiii Accept — MMB
™ Los v o] Cancel —RMB

Select — LMB
Apply Dismiss —




Split block

B» ICEM CFD 15.0: IC
File Edt “iew Info Seftings Help

B S @E]| # x| Geomely | Mesh  Blocking | EdiMesh | Properties | Constiaints | Loads | Sobve Oplions | Dulput |

BOREE Qe ghbipaloLsaseR
T et ' e = C el Owe %[0 % @ & ST

i Geometry

[ Blocking
& Subsels ___Riad
7 Verices Academic
Edges -
Faces

Blocks

Pre-Mesh
w Topoloay
Pats

10 14

e

Delete Block

Blocks |

[ Delete permanently

13 '—)/

[Select Hexa block with the left button: middle = done. right = back up / cancel, 2 = list options SN
Split black dore
Split walue: 0313657

Split black dore
Split walue: 0.540747

Split black dore
Alisady in select block made!
Block[s): 4 17 maved to VORFH j

I” Log Sawe| Clear

IS
dn

Dismiss

Apply



Associate the edges to the curves

¥y ICEM CFD 15.0: 1CM

Fie Edt View Info Settings Help

e |
=]

ﬂ@ /e.\nm aumeny}Mh B\k]Eanh | Properies ]c sira t}Ld

Select: Associate .

curve

—

Select the Associate edge to
curve than associate the
marked edge to the marked

—

Blacking Associations /

?

T
m%%w@

Associate Edge -> Curve

Edgeis] |

|@" Zf}"

Curvefs) |
I™ Praject vertices

I~ Praject to surface intersection

I~ Praject ends to curve intersection

las 1 J‘T\?(\@X’i\&“

RT5.0
Academic

I

_

Split block. dore

Sp\t -alue; 0313557

S Select — LMB
Sp\t alue: EI54I]747

Split block. dor

Already in seles lb\ ck model

Block]s) 4Wmnv d toWORFM

Accept — MMB
Cancel — RMB

s




Associate the edges to the curves

Wy ICEM CFD 15.0 : ICM
Fie Edt View Info Settings Help

e |
=]

=F— e,‘ ¥ OA | Geamely | Mesh  Blocking | EditMesh | Properies | Constraints | Loads | Sobve Options | Ouput |

BoAHE Qe ghidlasoxeaseR

Select Blocking-edge |

EHE Model
il Geomety
i Blocking
W Subsets
M Vertices
& Edges
Faces
Blacks
Preesh
& _Tooology

green

Blocking Associations

e
ot B )

Associate Edge -> Curve

Edgels) |
Curvefs) |

I~ Projsct vettices
I~ Projsct to surfacs intersection

I~ Projsct ends to curvs intersection

(@ 5

| If the association is
succesful , the edge will be

It

g

/

Apply Dismiss

Already in select block mod!
Block(s): 4 17 moved ta VORFN
Done "Edge - Curve” association
Grouped curves: crv-15 crv.20
Done "Edge -+ Curve'” association
Grouped curves: crv. 25 crv. 14
Done "Edge - Curve” association

" Log Save| Clear

IR Y
RT5.0
Academic

L

Select — LMB
Accept — MMB
Cancel — RMB

=7



Associate the edges to the curves

Wy ICEM CFD 15.0:1CM | T |
File Edt View Info Settings Help =
@ @EN # x| Geomety | Mesh Blocking | EdiMesh | Prapsties | Carsuaini | Loads | Sobe Gptors | Oulput |
8o mam@@ Gk Bt Yo @GR .
-
. & &
Right click on Blocking/Edges o0 “rlau
in the display tree, and the
arrows will show your
association (the picture shows
the final state)
il | .
You can select multiple edges j
and curves at the same time .
EdlAﬁ/w'w = ‘
R e -
::;:[:]ialleEdge-) Curve gk = I o
Curveds) [ '(B L

I~ Projsct vettices
I~ Projsct to surfacs intersection
I~ Projsct ends to curvs intersection

Select — LMB
Accept — MMB
Cancel — RMB

O




Associate the edges to the curves

Select the two curves
together S

—

Select — LMB
Accept — MMB
Cancel — RMB



Associate the edges to the curves

Select the three edges
together

Select — LMB
Accept — MMB
Cancel — RMB



Associate the vertices to points

e
8

Wp ICEM CFD 15.0: ICM,
File Edt Wiew Infa Setings Help

=F— e,‘ ¥ OA | Geamely | Mesh  Blocking | EditMesh | Properies | Constraints | Loads | Sobve Options | Ouput |
BoeHE Q@ ybisaLoxsaaeR o
L6 Geameny E%Q@ XE&?—-V{.
@ R12.U
Academic

W Subsets
Wertices
W Edges
Faces
Blocks
Pre-Mesh
T Topology

1) Select associate vertex

Blocking Associations

Edit Associations

?—*—:%?ﬁ;(})@ __fne 00 13
ssociate Vertex -> . I o

Entity

T

" Self * Point

© cue Py sutace
et L e
Faint | &
e — Select — LMB
Do e B e elec
Dane “Edge - Curve” assoeiation
pone L EIEE T e R

2) Entity: point
T ] —— Cancel — RMB




Associate the vertices to points

i i) e A :

=

Associate the vertices to the
points as the arrows show

You can see the result on the next
slide

Select — LMB
Cancel — RMB
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Move unassociated vertices

Wp ICEM CFD 15.0: ICM,

File Edt View Info Settings Help
B@ S @E # x| Geomety | Mesh Bloking | e besh | Propsties | Can

BORHE Q@ FBLH

3) Grab (hold the LMB) the
marked vertex and drag it to
the right position (see it on

the next slide)

1) Select: Move vertex

Select — LMB

Accept — MMB
Cancel — RMB

JI



Move unassociated vertices

Wy ICEM CFD 15.0: ICH

Fie Edt View Info Settings Help

== / Q,E‘ #) O\ | Geamely | Mesh  Blocking | EditMesh | Fraperies | Constaints | Loads | Solve Options | Dutput |

BoAHE Q@ ghipaioxeasen

EHE Model
i Geomety

[ Subsets

Subsets
Wertices
Edges
Faces
Blocks
Pre-Mesh
& Topology
Parts

Move Vertices

— Move Yertice:

—Move Vertex

Method |Single =

Vertex | %

M c

I~ Fiex
I~ Fie'r
I~ FieZ
I™ Fix direction
Vector |

™ Hormal to Surf

I~ Move dependent

Daone “ertes > Point association

.10

nt. 03

me 04

nt . 06
put. 03 pnt . 05
ant e L
.15
nt . 14
13
B 08

ANSYS

R15.0
Academic
[+
b4

— |1 paint

Done "Wertex  Faint” association
1 poirt
Done "Wettex > Point” association

1 paint
Done "Wertex -» Paint" association

' b sue] e

Apply

Dismiss

54



Move unassociated vertices

Wp ICEM CFD 15.0:: I
File Edt Wiew Infa Setings Help

=F— Q,E‘ ¥ OA | Geamely | Mesh  Blocking | EditMesh | Properies | Constraints | Loads | Sobve Options | Ouput |

BoAHE Q@ ghipaioxeasen

EHE Model
i Geomety
[ Subsets

4 Subsets
Wertices
A Edges
Faces
Blocks
Pre-Mesh
Topolooy

Move Vertices

Move Vertices

AN
=

Move Vertex

Method [Single

Vertex | %

Movement Constraints
™ Fix¥

™ FixYy

[~ FixZ

I™ Fix direction

Vastor | iy
™ Normal 1o Su

I~ Mave dependent

Repeate it with the other .

vertex

nt . 06
.10 nt. 03 pue. 03 pnt . 05
. nt i L
.15
nt . 14
13
B 08

ANSYS

Acade|

R15.0

mic

Apply

Dismiss

Done "Vettex > Point” association
1 pairt
Done "Wertex  Faint” association
1 poirt
Done "Wettex > Point” association

1 paint
Done "Wertex -» Paint" association

" Log Save| Clear
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Setting mesh parameters

Wp ICEM CFD 15.0: ICM,
File Edt Wiew Infa Setings Help

@
BO @

i)

Qe Select: Mesh/ Part mesh
e setup

o Academic
EHid  Blocking —
& Subsets

Weilices
Edges

Faces

Blacks

Pre-Mesh
Topology

Blocking Associations

BIEE g
S b red '

T
Associate Vertex -> It
Entity o
C sl @ Point «
C tuve O Suface
Faint [ &
Sawed family bosa dats b [Ch b (=]

Saved attibute dala to ICH.atr

Saving project seftings ta "ICH.pif"

Project C: Awark fpracticel /practics_fles/dpAACMACEMCFD/ICH  pi saved
Cuntent project ditestary: C: Awark/practice1 /practice]_iles/dp0/ACM/ICEMCFD
Done "Edge - Curve” association

Done "Edge - Curve” association

" Log Save| Clear

Apply

Dismiss
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Setting mesh parameters

B par e seup e
Part Hexa-core eight Height ratio MHum layers Tetra zize ratio Tetra width tin size limit M ax deviation Internal wall | Spht wall Parameter |_|

[[Fun N
IHINTEHIDH
[DOTFLOW
[VELDCITY_INLET1
[VELDCITY_INLET2
faraLLT

faraLL2

faraLL4

|
' Show szspatams usihg sl faco - LMB on the maximum size, set it to 1 (the

[ Apply inflation pararmeters b curees

B e I

™ Remove inflation parameters from curves m aX| m u m I e ngth Of Ce I I Edges WI I I be 1)
Highlighted parts hawe at least one blank field because naot all entities in that part have identic:

Ezisting workbench input parameters using a lightblue background - ACCQ pt, A p p Iy

EaTRIRI I (SRS

Accept I Cancel




Setting mesh parameters

A ICEM CFD 15.0: IC
Fie Edi View Info Setings Help

_— Blocking/Premesh params

B@ S @EY x| ceomeny |Meh Blocking | Edi ac

BOALR Q@ geABas D)

i Geometry
0 Subssts

Pie-Mesh Params

)

-

— Meshing pAfon

(@5 %

R Size:

s
" Keep Counts A I

™ Run Check/Fix Blocks

[]«— | Updateall

Apply Disrriss

ANSYS
R15.0

Academic

/ Recalculate sizes Mesh

tesh iz currently out of
Yes date - recompute?

Yes Mo FRe-mesh out of date parts Fe-mezh zpecific parts

Saving project settings to "ICM.pri"

Praject C: Mwork/practice Jpractice1_files/dp0/ICMACEMCFD /I CM. prj saved

Current project directony: C: Motk /practice 1 /practice_files/dp0I CMACEMCFD

Done "Edge -> Curve” association

Done "Edge -> Curve" association

Finished setting part parameters

Finished setting part parameters j
-

L9 sare oo
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W ICEM CFD 15,

Fie Edt View Info Settings Help

The premesh

@S @] # x| Geomety | Mesh Blocking | EditMesh | Prapeties | Cars

Geomehy
Subsets

1 Vertices
— Edges
—L Faces

M Pars

BOBHE O@ BADEro%Beae
" display tree

Pre-Mesh Params

—Meshing F

T

@ Update Al
' Keep Distibutions

© Keep Counts
© Curve>Edae bunching

Enable premesh in the

ANSYS

Ly
I
'll" g

iy

e tte:

e
TS
SRR

A
o
SR

T
put
‘l‘\““.““

e
il

ek

S eSSen et

SR
SRS
R

il

S

T
AR e AR AR

Il
T

R15.0

Academic

™ Run Check/Fix Blocks

Mesh size:
MODES = 1928
QuADS =1786

Number of processors = 1
Done recompute

' b sue] e

Apply

Dismiss



Refine the mesh

Wy ICEM CFD 15.0: ICM

S O — _— Blocking/Premesh params

BOAEE Q@ FELBRL S Select Blocking-ed [x]
ety PEREEIREY Y

{1 Subsets

1 Points K1o.U
O Curves Academic

!
E—1

Edge parameters, Scroll

~ down
Pie-Mesh Params /

Meshing Palamelerz s
el %
I
Edge | & ¥
Length |
Nodes [0 =il o
Mesh law ‘B\Geometrlc j X
Spacing 1 [ [ ]
Ratio 1 | [ ]
Spacing 2 [ [ ] =
Mesh size:
[ Sp2Linked Select Reverse = NSEZISES =1928
Patio 2 I |' D QUADS =1726
porspas [ O] ||l
I~ Spacing Relative Z'
= - j " Log Save| Clear
Apply Distiss
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Refine the mesh

A ICEM CFD 15.0: IC

Fie Edit “iew Info  Setngs Help

] ﬁ‘! F EE‘ ¥ O\ | Geomey | Mesh  Blocking | Edi Mesh | Propertes | Consraits | Loads | Salve Options | Output |
BRALRQ@ gbidasoXoaaed®

[ Geometry
0 Subssts

ANSYS
O Points R15.0
0 Curves
L+ Blocking

Academic

Enable copy parameters

— To all parallel edges
Pre-Mesh Params /
Roll up

¥ Copy Parameters

Methad |To All Parallsl Edges 4|

[+]
I~ Copy atsolute %
™ Linked bunching
Reference Edge [ &

Reverse link

™ Highlight dependent edges

Mesh size:

. NODES = 1928

I~ Highlight attached faces QUADS = 1786

I™ Highlight master edges Mumber of processors = 1

Done recompute
Reverse parameters

=
2 I Lag Save| Ciear
Apoly Dismiss
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Refine the mesh

ol

Wy ICEM CFD 15.0: ICM
Fie Edt View Info  Settings Help

=

=] @ F E‘ K (| Geomety | Mesh  Blacking | Edt Mesh | Propetiss | Constiaints | Loads | Salve Optians | Dutput |
BARAE Q@ gGADarsoXeesen |

ANSYS
R15.0
Academic
Pre-Mesh Params @
e . % = '
Edge [13131 . '
Length | 160 ¥
Nodes [16 | A
Hesh law [BiGeometic | .
G =0 1) Select one of the marked Spacing: the length of the cell >
B o edges | faces at end of the edges |
™ Sp2Linked Select Fieverse . . B . . . ﬂ
e = 1 2) Spacingl, Spacing2=0.3 Ratio: the groving ratio of the face
Max Space [1 1.93265

I Spacing Relative

Ratiol, Ratio2=1.5 length moving away from the end |
Apply | points |
Right click on premesh in the 62
dicnlav tree: recomnbpiite

w
N N — “—

™ Modes Locked

Ul b



Refine the mesh

Wy ICEM CFD 15.0: ICH [of
File Edit View Info Settings Help =
[l /“ EE‘ #) O\ | Geomety | Mesh  Blocking }Ediwesh | Propeties | Constraints | Loads | Solve Dptions | Output |

BOAEE Q@ gblitasoXoasds |
ANSYS

R15.0

Academic

Pre-Mesh Params @

@ % i

Edge [3944-1

1) Select one of the marked

Y
[ = .
[ ]
e 1 edges I i
x

Spacing 1 [0 [osams2z | |
I ot v ] sl 2) Set the node number to 15
Ratio1 |2 1
Spacing 2 [0 [oseszs | -
rSDZLmked%I Fieverse| - 3) Apply =

- "= - |1 4) Right click on premesh in the
I~ Spacing Relative .
i display tree: recompute E

oFoF

I~ Nodes Locked
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Reducing the cell size change

ol

Wy ICEM CFD 15.0: ICM
Fie Edt View Info  Settings Help

/e n
BoALE Q@ ghidasoXoaaeR S
= Ede:i".:zz.i ‘ FEREEEIEEY Y
K1a.U
Academic

=

Geomsty | Mesh  Blocking }Ediwesh | Propeties | Constraints | Loads | Solve Dptions | Output |

S s 1) Select match edges

L 2) Reference:
3) Ta rge%

Pre-Mesh Params @

&,

Match Edge s

Method [Selected = ¥

Refersnce Edge |38 431

& o
I o

Target Edgs(s) |

I Link spacing

MNumber of processors = 1

Dane recompute

Number of processars =1 S | t — LM B
Dons ehie elec

Humber of processors = 1

Al -y ] Cancel — RMB

Apply Distiss
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Reducing the cell size change

ol

Wy ICEM CFD 15.0: ICM
Fie Edt View Info  Settings Help

/e n
BoALE Q@ ghidasoXoaaeR S
= Ede:i".:zz.i ‘ FEREEEIEEY Y
K1a.U
Academic

=

Geomsty | Mesh  Blocking }Ediwesh | Propeties | Constraints | Loads | Solve Dptions | Output |

S s 1) Select match edges
e 2) Reference;
3) Targets:

Pre-Mesh Params @

&,

Match Edge s

Method [Selected = ¥

Refersnce Edge |38 431

& o
I o

Target Edgs(s) |

I Link spacing

MNumber of processors = 1

Dane recompute

Number of processars =1 S | t — LM B
Dons ehie elec

Humber of processors = 1

Al -y ] Cancel — RMB

Apply Distiss
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Reducing the cell size change

ol
=

Wy ICEM CFD 15.0: ICH
Fle Edt View Info Selings Help

/el »
BRAER Q@

Geomsty | Mesh  Blocking }Ediwesh | Propeties | Constraints | Loads | Solve Dptions | Output |

@@&@@g®&ﬁ.agﬁ Zelect Blocking-ed X%
EEEEEEEY Y

[ Geometry
{1 Subset:
3 Perks RT5.0
Hl Curves Academic
L+ Blocking —
& Subsets
{1 Vertices
{1 Edges
m m
W PreMesh
A 1) Recompute the premesh (RMB)
W Parts
2) Now the cell size is the same at
. i
meeting of the edges ;s
'
b
; §§
i \§
HENNANN
SN
IS
L
So i W
Pre-Mesh Params D “‘\“\“3‘\33;‘{‘2:\\}:\\\‘;\\\\\:\\\\\‘:\%\\\\ ?\:\?ﬁ:’
T T “\{\\‘\‘\\\\\\\\\:\\\\\\\\\\\\\‘\\\\\\\\\\\.‘m
Lo T B ALY RieREEAS W
o SN
ad TR R Y
R
 Match Edge spacing Hliil%ln“t\l\\\‘\ =
Method |Selected =] .
il
Reference Edge |3544-1 "'\i@
TalgelEdge[s]I ’& e
I Link spasing *
Dare recompute =]
Number of processors = 1
Done recampute
Done match edges
Done match edges
Number of processors = 1
Done recampute :1
(=] ™ Log Save| Clear

Apply Disiss
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Create FLUENT input file

Wy ICEM CFD 15.0: ICH

File  Edit V\ewrwetlmgs Help

[l /“ r E £ CA | Geomety | Mesh  Blocking }Ediwesh | Propeties | Constraints | Loads | Solve Dptions | Output |

syl ch @Q FHELLRITELPASER
%Eé%:zza ANSYS

Curves Academic
B Mesh Acacemic
E

W Subsels = t
Vetices

& Edges

Faces

1) Right click on the premesh in
e the display tree
2) Convert to unstruct mesh
3) (Replace the old mesh if the
lcem asks)

=

o
— \\\\\\\\\\\\\\

\\\
R \ \

\\\\\ \\\\\\\\
\

‘\\\\\\‘
Ry

Y 4) Output mesh to Ansys FLUENT
5) Close the ICEM CFD

boundary faces | 296 ;I
Creating face section for 4126 faces,

FLUENT & input file written [fils: ICH.msh)
.. dore

Done with translation

L9 sare oo
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Physical model, Solution of the
problem



* For more detailed descriptions of FLUENT
settings check (from page 36):

http://www.ara.bme.hu/~benedek/CFD/workbe
nch/workbench 1st practice/orifice 1415 eng.
pdf (orifice.pdf in hungarian)

* Or ask your instructor
e Or ask the lecturer
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http://www.ara.bme.hu/~benedek/CFD/workbench/workbench_1st_practice/orifice_1415_eng.pdf

Starting FLUENT

I\ Unsaved Project
Fle View Tools Units Extensions Help

[H Project

limport... ‘ 9 Recomnect [3] Refresh Project # Update Project

A A Proje atic Properties of Schematic A2: Model v+ ax
|2 Analysis Systems |
[ Fluid Flow (CFX) Al I
B Fluid Flow (Fluent)

I 1) Double click on Setu
‘E! Component Systems ‘ p =
BladeGen

CFX

External Data

External Model

Finite ElementModeler
Fluent

Fluent {with TGrid meshing)
Geometry

ICEM CFD

Mesh

Microsoft OfficeExcel
Results

Value

ICEM CFD

Fluent Notes

Last Update Used Licenses

Subsets From Named Selections [=]

i

2w oo
!

System Coupling
TurboGrid

SEOFESOHHNDEDER

Design Exploration ‘

‘ External Connection Systems ‘

-7 x
A B c D
1 Type Text Association Date/Time

The installed Microsoft Office Excel application is not supported. You may meet some issues while using the Microsoft Office Excel system. Look at the 2014.09.07, 14:47:12
Help for the list of supported Microsoft Office Excel releases. PSS A

2 Informational

1| Status Details. | Progress |

| T View All / Customize. .. |

(@ Double-click componentto edit. (i Hide Progress Qr—ide 1Messages.
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Starting FLUENT

ANS\IS Fluent Launcher

Dimenszion Dptionz
©®
an
Froceszzing Options
Dizplay Options i@ Senal
Dizplay kesh After Reading () Parallel
Embed Graphics 'Windows

[] “wWarkbench Calar 5cheme
[7] Do nat show this panel again

(4| Show Mare Optians




Scaling the mesh

g B:Fluent Fluent@CFDLAB-08 [2d, pbns, lam] [ANSYS Academic Research CFD]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help |

5 d - @ Q@ s @ fE-0- M-w- - 2ATE

| 1: Mesh -

Meshing General

= Mesh
Solution Setup

| scle.. || check  ||Report Quality |

Models | Display... |
Materials

Fh Salver

Cell Zone Conditions

Type Velocity Formulation
Boundary Conditions @ Pressure-Based

9 Absolul
Density-Based Relative

Dynamic Mesh
Reference Values

i Time 2D Space

Solution @) steady @) Planar

Solution Methods Transient Axisymmetric

Solution Controls Axisymmetric Swirl

Monitors

Solution Initialization

Calculation Activities Gravity [units... |

Run Calculation -
Results

Graphics and Animations \ﬂ\

Plots

Reports

Fluent 15.0

int_fluid -
fluid
Done.

Preparing mesh for display...
Done.

Preparing mesh for display...
Done.

Writing Settings file "

s\Mork\practicei\practicel_files\dpA\FLU\Fluent\ICH.set" ...

writing rp variables ... Done.

writing domain variables ... Done.

writing fluid (type fluid) (mixture) ... Done.

writing int_fluid (type interior) (mixture) ... Done.

writing velocity_inlet1 (type velocity-inlet) {mixture) ... Done.
writing velocity_inlet? (type velocity-inlet) (mixture) ... Done.

writing walll (type wall) {(mixture) ... Done.

writing wall2 (type wall) (mixture) . Done.

writing wally (type wall) {mixture) ... Done.

writing int_interior (type interior) (mixture) ... Done.
writing outflow (type outflow) (mixture) ... Done.
writing zones map name-id ... Done.

m




Scaling the mesh

===

Scale Mesh
Domain Extents Scaling
Xmin (m) [ Xmax (m) [ 54 .jn;j Convert Units
() Specdfy Scaling Factors
Ymin (m) [_q 05 Ymax (m) [ 54 Mesh Was Created In
Il -

View Length Unit In

m

Scaling Fackaors

1) Mesh was created in: cm
2) Scale Al oot
3) Close

.............................

.............................

|EJ::|5E| |Help-|
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Turbulence Model

g B:Fluent Fluent@CFDLAB-08 [2d, pbns, lam] [ANSYS Academic Research CFD]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

5 d - @ Q@ s @ fE-0- M-w- - 2ATE

Livesn <

Meshing Models ‘ |
esh G Models

Solution Setup Multiphase - Off

m I i =
EEE

Heat Exchanger - Off
Species - OFf .
Cell Zone Conditions Discrete Phase - OFf 1 D I I k

oy Contons | [ St g Off oubple CIlICK Oon
esh Interfa Acoustics - OFF

Dynamic Mesh

Model/Viscous

Solution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Run Calculation
Results

Graphics and Animations |
Plots [Heb)
Reports

int_fluid
fluid
Done.

Preparing mesh for display...
Done.

Preparing mesh for display...
Done.

Writing Settings file “C:\Work\practicei\practicei_files\dp@\FLU\Fluent\ICH.set" ...

writing rp variables ... Done.

writing domain variables ... Done.

writing fluid (type fluid) (mixture) ... Done.

writing int_fluid (type interior) (mixture) ... Done.

writing velocity_inlet1 (type velocity-inlet) {mixture) ... Done.
writing velocity_inlet? (type velocity-inlet) (mixture) ... Done.

writing walll (type wall) {(mixture) ... Done.

writing wall2 (type wall) {mixture) ... Done.

writing wally (type wall) {mixture) ... Done.

writing int_interior (type interior) (mixture) ... Done.
writing outflow (type outflow) (mixture) ... Done.
writing zones map name-id ... Done.




Turbulence model

— ;
ﬂ Viscous Model x|
. =
Model Model Constants
© Inviscid Cmu =
() Laminar
= 0.09
() Spalart-almaras (1 eqn) | ‘ ‘
IEI t—eusjlun {12 egn}!i | C1Epadon
) k-omega {2 egn .
=y It 1.44 -
() Transition k4d-omega {3 eqgn) 1) K € pSI IO n
© Transition 55T (4 eqn) C2-Epsilon 2) stan d a rd
() Reynolds Stress (5 egn) Lo
(7 Scale-Adaptive Simulation (SAS) ' B
TKE Prandt Mumber
(@ Standard | 1 il
(T RNG
() Realizable User-Defined Functions
Mear-Wall Treatment Turbulent Viscosity
= [nune v]
@ Standard Wall Functions
(7 Scalable Wall Functions Prandtl Numbers
-~

'f:' Mon-Equilibrium Wall Functions
() Enhanced Wall Treatment
() User-Defined Wall Functions

Options

[7] curvature Correction
[ Production Kato-Launder
[ Production Limiter

TKE Prandt Mumber

[HDHE

TDR Prandt Mumber

[HDHE

[ QK ] [Can::el] [Help ]
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B d diti
[ B:Fluent Fluent@CFDLAB-08 2, pbns, ske] [ANSYS Academic Reearch CFD]

File Mesh Define Solve Adapt Surface Display Repert Parcllel Yiew Help
E-H-mefsHEea s M-O-l-®-it s AT

Meshing Boundary Conditions

) Zone
Solution Setup int_fud
General int_nterior
Madels
Materials

velocity_inletl I

wall1
Cell Zone Conditions wall2

wall4
..E%E%E*Egp.--

Reference Values

1) Boundary condtions
2) Select: velocity inletl
3) Type: velocity-inlet
4)

Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Caleulation Type 1
Results velocityinlet  ~| (N4
Graphics and Animatiof
Plots | Edit.. | [Bcopy... |[Profiies... |
Reports T—

Edit

perating Conditions. .

Fluent 15.0

int_fluid -
fluid
Done .

Preparing mesh for display...
Done.

Preparing mesh for display...
Done .

Writing Settings file “CG:\Work\practicei\practicel_files\dp@\FLUNFluent\IGH.set™...
writing rp variables ... Done.
writing domain variables ... Done.
writing fluid (type Fluid) (mixture) ... Done.
writing int_fluid (type interior) (mixture) ... Done.
writing velocity_inlet1 (type velocity-inlet) (mixture) ... Done.
writing velocity inlet2 {type velocity-inlet) (mixture) ... Done.
writing wall1 (type wall) (mixture) ... Done.
writing wall2 (type wall) {(mixture) ... Done.
writing wallks (type wall) (mixture) ... Done.
writing int_interior (type interior) (mixture) ... Done.
writing outflow (type outflow) (mixture) ... Done.
writing zones map name-id ... Done.

n




Boundary conditions

Zone Name

| velodty _inletl

Momentum |Thermall F'.adiatinnl Speciesl DPM | Multiphasel uDs I

Velodity Spedfication Method [Magnimde, Mormal to Boundary "']
Reference Frame [Absnlute v]
Velodty Magnitude {m/s) [{ [mnsmnt -l
Supersonic/Initial Gauge Pressure (pascal) [ [mnsmnt -]
Turbulence
‘ Spedification Method | 1htensity and Length Scale "]
Turbulent Intensity (%6
1) Setthe same o (%8 |5 @)
2) OK Turbulent Length Scale (m) 0.1 [E]

[ QK ] [Can::el] [Help ]




Boundary conditions

IBY Velocity Inlet

Zone Name

| velodty _inletz

Momentum |Thermall F'.adiatinnl Speciesl DPM | Multiphasel uDs I

Velodity Spedfication Method [Magnimde, Mormal to Boundary

Reference Frame [Absnlute

Velodty Maagnitude {m/s)
Supersonic/Initial Gauge Pressure (pascal)

Turbulence

2 [mnsmnt

0 [mnsmnt

Spedification Method | 1htensity and Length Scale

Velocity_inlet2

Turbulent Intensity (%) [ o

Turbulent Length Scale (m) [ 1

[ QK ] [Can::el] [Help ]
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tization Schemes

[ B:Fluent Fluent@CFDLAB-08 2, pbns, ske] [ANSYS Academic Reearch CFD]
File Mesh Define Solve Adopt Suface Display Report Parallel Yiew Help

E-H-me|sHFaasfalim-O0-/E-a-iC A

b
[H

Meshing Solution Methods

" n Pressure-Velocity Coupling
Salution Setup —

General

Coupled -

Models \Easie ‘

Materizls Spatial Discretization .

Solution methodes
Boundary Conditions Lezst Squares Cell Based -

’ f Pressure .

o | - Coupling: coupled

" Momentum L .

Solation [Second Order Upwind Bl

Turbulent Kinetic Energy

R — Gradient: G-G-Cell-Bsd

Solution Initslization Turbulent Dissipation Rate

Calculation Activities econd Order Upnind ) [~ . .
Everything is second
Resuits

Graphics and Animations
Plots
Reports

order

Pseudo Transient
High Order Term Relaxation

Option:

| Default |

[He |

Fluent 15.0

int_fluid -
fluid
Done .

Preparing mesh for display...
Done.

Preparing mesh for display...
Done .

Writing Settings file “CG:\Work\practicei\practicel_files\dp@\FLUNFluent\IGH.set™...
writing rp variables ... Done.
writing domain variables ... Done.
writing fluid (type Fluid) (mixture) ... Done.
writing int_fluid (type interior) (mixture) ... Done.
writing velocity_inlet1 (type velocity-inlet) (mixture) ... Done.
writing velocity inlet2 {type velocity-inlet) (mixture) ... Done.
writing wall1 (type wall) (mixture) ... Done.
writing wall2 (type wall) {(mixture) ... Done.
writing wallks (type wall) (mixture) ... Done.
writing int_interior (type interior) (mixture) ... Done.
writing outflow (type outflow) (mixture) ... Done.
writing zones map name-id ... Done.

n




Turn off convergence criterion

[ B:Fluent Fluent@CFDLAB-08 2, pbns, ske] [ANSYS Academic Reearch CFD] =10
File Mesh Define Solve Adopt Suface Display Report Parallel Yiew Help

s-H-me|sEFea el m-o-

Meshing Monitors

Residugals, Statistic and Force Monitors

Solution Setup
General Statistic - Off
Madels

Materizls

Cell Zone Conditions

Boundary Conditions [create =) [Ed.. | 1 ) M O n ito rS
2) Double click: Residuals

Solution

Solution Methods

Solution Initialization  Create... |

Run Calculation e T

Results
Graphics and Animations
Plots
Reports

Create

Convergence Monitors

Fluent 15.0

int_fluid -
fluid
Done .

Preparing mesh for display...
Done.

Preparing mesh for display...
Done .

Writing Settings file “CG:\Work\practicei\practicel_files\dp@\FLUNFluent\IGH.set™...
writing rp variables ... Done.
writing domain variables ... Done.
writing fluid (type Fluid) (mixture) ... Done.
writing int_fluid (type interior) (mixture) ... Done.
writing velocity_inlet1 (type velocity-inlet) (mixture) ... Done.
writing velocity inlet2 {type velocity-inlet) (mixture) ... Done.
writing wall1 (type wall) (mixture) ... Done.
writing wall2 (type wall) {(mixture) ... Done.
writing wallks (type wall) (mixture) ... Done.
writing int_interior (type interior) (mixture) ... Done.
writing outflow (type outflow) (mixture) ... Done.
writing zones map name-id ... Done.

n




Turn off convergence criterions

Options Equations

Print to Console Residual e hii:

Plot continuity
Window = w-velodty =

1 =] |E',ur'ues...|| AXES...

y-velodty
[terations to Plot ] —
1000 % k i

Iterations to Store

(]
1000 =

1) Covergence criterion: none

| 5 il
w

2) OK

Scale

|| Compute Local Scale

Convergence Criterion

| naneg

-

| |I-'-Lennrmalizel | Cancel

Help
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Intialization

[ B:Fluent Fluent@CFDLAB-08 2, pbns, ske] [ANSYS Academic Reearch CFD] =10
File Mesh Define Solve Adopt Suface Display Report Parallel Yiew Help

s-H-me|sEFea el m-o-

Meshing Solution Initialization

Initialization Methods

Solution Setup @ Hybrid Initialization

General Standard Initialization
Madels
Materials [More settings.... | [ Initislize |

Cell Zone Conditions
Boundary Conditions

1) Solution intialization
2) Hybrid
3) Intialize

Dynamic Mesh
Reference Values

Solution
Solution Methods

Monitors

Run Calculation
Results

Graphics and Animations
Plots
Reports

Fluent 15.0

int_fluid -
fluid
Done .

Preparing mesh for display...
Done.

Preparing mesh for display...
Done .

Writing Settings file “CG:\Work\practicei\practicel_files\dp@\FLUNFluent\IGH.set™...
writing rp variables ... Done.
writing domain variables ... Done.
writing fluid (type Fluid) (mixture) ... Done.
writing int_fluid (type interior) (mixture) ... Done.
writing velocity_inlet1 (type velocity-inlet) (mixture) ... Done.
writing velocity inlet2 {type velocity-inlet) (mixture) ... Done.
writing wall1 (type wall) (mixture) ... Done.
writing wall2 (type wall) {(mixture) ... Done.
writing wallks (type wall) (mixture) ... Done.
writing int_interior (type interior) (mixture) ... Done.
writing outflow (type outflow) (mixture) ... Done.
writing zones map name-id ... Done.

n




|3 B:Fluent Fluent@CFDLAB-08 [2d, pbns, ske]

[ANSYS Academic Research CFD]

File Mesh Define Solve Adapt Surface Display Report Parallel

View Help

Calculation

C=ra

S~H-@@

Meshing

Solution Setup
General
Models
Materizls
Cell zone Conditions
Boundary Conditions

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Solution Initialization

=
Graphics and Animations
Plots

Reports

D& & A -0~
Run Calculation

| CheckCase...

Number of Iterations  Reporting Interval
‘zuu SN

Am

Profile Update Interval
8

| Data File Quantities..

| Calculate

|Help |

4 A

1
Iterations

Information

181
182
183
184
185
186
187
iter
188
189
198
191
192
193
194
195
196
197
198
iter
199
260

2.2037e-05%
2.1299e-05
2.1424e-05

1)
2)
3)

2 TasseTus
2.1547e-05
2.B742e-85
continuity
2.12087e-85
2.6813e-0%

.5755e-88
.505%e-08
5

5 e eo

4.9216e-08
4.7633e-68
4.9483e-68

V@ m

B4lhbe- 08
2638e- 068
7898e-08

1.2806e-07
1.367%e-07
1.2

Run Calculation

# of iterations: 200
Calculate

a-usvaeuo
3.7647e-08
3.5779e-08
x-velocity
3.5758e-08
3.7u445e-08

4.¥Zoue=ua
4.8897e-08
5.8192e-88
y-velocity
4.8196e-08
4.7990e-08

e

~ @

SaovrE-vo
.5183e-08
.7353e-88

k

.1773e- 08
.6341e-08

o iaeueTur
1.0509e-07
1.1719e-87

epsilon
1.308242-87
1.1182e-07

T
3
:88:88 2
time/iter

H 1
[:]

OK, when

n

finished




wing pathlines

[ B:Fluent Fluent@CFDLAB-08 2, pbns, ske] [ANSYS Academic Reearch CFD] =10
File Mesh Define Solve Adopt Suface Display Report Parallel Yiew Help

s-H-mesHEea /e mE-O-l-a- e ATE

i - 1 Scoled Residuals =]
Meshing Graphics and Animations ‘ —

M Graphics
Solution Setup Mesh

eneral Contours

vodels Vectors

Materials Particle Tracks

Cell Zone Conditions
Boundary Conditions

Graphics and animation

Dynamic Mesh
Reference Values

i .
2) Pathlines
Solution Methods Scene Animation
Solution Controls Solution Animation Playback
Moritors

Solution Initialization
Calculation Activities
Run Caleulation

3

Reparts | options... || Scene.. || views.. |
| Lights... ]| colormap... | |Annotate... |
[Hep |

Iterations

Fluent 15.0
188 2.2037e-85 3.5755e-08 4.9216e-B8 8.0446e-08 1.2886e-07 2a B
181 2.1299e-085 3.505%9e-08 4.7633e-068 8.2038e-08 1.367%9e-07 19
182 2.1424e-05 3.550%9e-08 4.9483e-068 7.7898e-08 1.2133e-07 18
183 2.68255e-05 3.4986e-08 4.8827e-08 7.9404e-08 1.3006e-07 17
184 2.8871e-85 3.5351e-88 4.7628e-B8 8.8842e-88 1.3533e-87 16
185 2.8648e-85 3.4719e-88 4.9468e-B8 7.9676e-88 1.2884e-87 15

186 2.1338e-85 3.6624e-88 4.9398e-B8 8.1318e-88 1.1357e-87 1l

187 2.08932e-85 3.5637e-88 4.6816e-08 7._46B4e-08 1.0282e-07 0:00:01 13
iter continuity x-velocity y-velocity k epsilon time/iter

188 2.1496e-05 3.6454e-08 5.0444e-0B8 7.6243e-08 1.1207e-07 H 12

189 2.1118e-05 3.5580e-08 4.7481e-08 7.5492e-08 1.0790e-07 1
198 2.8756e-85 3.80881e-88 4.9387e-B8 7.9984e-88 1.2875e-87 18
191 2.8111e-85 3.7275e-88 4.8614e-B8 7.983%e-88 1.2618e-87 9
192 2.8885e-85 3.6587e-88 4.9827e-B8 7.426%9e-88 1.1289e-87 8
193 2.1148e-85 3.6378e-08 4.8598e-B8 7._4863e-88 1.0684e-07 7
194 2_.0877e-05 3.5997e-08 4.9090e-068 8.0864e-08 1.2320e-07 6
195 2.087%9e-05 3.7206e-08 4.B641e-08 7.9383e-08 1.1720e-07 5
196  2.1435e-05 3.6393e-08 4.9280e-08 7._4897e-08 1.1406e-07 4
197 2.1547e-85 3.7647e-08 4.8897e-08 7.5183e-068 1.0509e-07 3
198 2.8742e-85 3.5779e-88 5.8192e-88 7.7353e-88 1.1719e-87 2
iter continuity =x-velocity y-velocity k epsilon time/iter
199 2.1287e-85 3.5758e-088 4.8196e-B8 8.1773e-88 1.3024e-07 88 1
260 2.0813e-085 3.7u445e-08 4.7990e-068 7.6341e-08 1.1182e-07 [:] £




Options

Drawing pathlines

Style

Color by

[~ il Flow

|:| Reverse

Mode Values

Auto Range

[ Draw Mesh

|| Accuracy Control
Relative Pathlines
[] %¥ Plot

[ | wirite to File

Twpe
CFD-+Post

Fulse Mode

(") Continuous
@ Single

| line

- |

Velodity...

[ Attributes. ..

)

Step Size  (m)

Talerance

0.01

Steps

|||:|.|:u:|1 |

Path Skip

Velocity Magnitude

Mim Ma

0 ||||:|

Release from Surfaces

500

Path Coarsen
1

on Zane

| 0

outflow
velodty_inletl
velodty_inlet2
wall1

wall2

wall4

[Dis;ﬂay ] [ Pulse ] [Enrn,t:ute

Color by: velocity
magnitude

From: velocity_inletl,2
Display
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Drawing pathlines

3 BiFluent Fluent@CFDLAB-08 24, pbns, ske] [ANSYS Academic Research CFD]
Flle Mesh Define Solve Adapt Surece Display Report Parallel View Help

E-H-Ee QA S MR~-0O~ - i -at ATE

veshing Graphics and Animations | 1: Pathines Colored by veloc |

Mesh G Graphics
Solution Setup Mesh

General Vecto

Models ectors

Materials Particle Tracks

Cell Zone Conditions
Boundary Conditions

Dynamic Mes!
Reference Values

Animations

Solution
Solution Methods Scene Animation
Solution Controls Solution Animation Playback
Monitors
Solution Initialization
Calculation Activities
Run Calculation

Results (setup.

Flots

Reports scene... | [ view

Colormap... | [Annotate. ..

nitude (m
luent 16.0
181 2.1299e-05 3.5059e-08 4.7633e-08 B8.2038e-08 1.3679e-07 0:00:04 19 -
182 2.1424e-05 3.5509e-08 4.9483e-08 7.7898e-08 1.2133e-07 0:00:03 18
183 2.0255e-05 3.4986e-08 4.8827e-08 7.940ue-08 1.3006e-07 0:00:02 17
184 2.8871e-95 3.5351e-08 4.7628e-08 B8.0842e-08 1.3533e-07 0:00:02 16
185 2.0640e-05 3.4719e-08 4.04G8e-08 7.0676e-08 1.208ke-07 0:00:01 15
186 2.1330e-05 3.662h4e-08 4.9398e-08 B8_1318e-08 1.1357e-07 0:00:01 14
187 2.093%e-05 3.5637e-08 4.6816e-08 7.4684e-08 1.0282e-07 0:00:01 13
iter continuity x-velocity y-velocity K epsilon tinesiter
188 2.1496e-05 3.645he-08 5.04hhe-08 7.6243e-08 1.1207e-07 0:00:81 12
189 2.1118e-05 3.5580e-08 4.7481e-08 7.5402e-08 1.0700e-07 0:00:00 11
190 2.0756e-05 3.8001e-08 4.9387e-08 7.9904e-08 1.2075e-07 0:00:00 18
191 2.0111e-05 3.7275e-08 4.8614e-08 7.9839e-08 1.2618e-07 0:00:00 9
192 2.8885e-95 3.6507e-08 4.9827e-08 7.4269e-08 1.1209e-07 0:00:00 8
193 2.1140e-05 3.6378e-08 4.8508e-08 7.4863e-08 1.0604e-07 0:00:00 7
194 2.0877e-05 3.5007e-08 4.00600e-08 B8.08Gle-08 1.2320e-07 0:00:00 6
195 2.0879e-05 3.7206e-08 4 .8641e-08 7.9383e-08 1.1720e-07 0:00:01 5
196 2.1435e-05 3.6393e-08 4.9280e-08 7.4897e-08 1.1406e-07 0:00:01 4
197 2.1547e-95 3.7647e-08 4.8897e-08 7.5183e-08 1.0509e-07 0:00:00 3
198 2.0742e-05 3.5779e-08 5.6192e-08 7.7353e-08 1.171%e-07 0:00:00 2
iter continuity x-velocity y-velocity k epsilon time/iter
199 2.1207e-05 3.5758e-08 4 .8196e-08 B8.1773e-08 1.302%e-07 0:00:00 1
200 2.0813e-05 3.7445e-08 4.7990e-08 7.6341e-08 1.1182e-07 0:00:00 0
nunber tracked = 29, escaped = 29, aborted = 8, trapped = B, evaporated = 8, incomplete = 8 E




Contour plots: pressure

[ B:Fluent Fluent@CFDLAB-08 2, pbns, ske] [ANSYS Academic Reearch CFD]
File Mesh Define Solve Adopt Suface Display Report Parallel Yiew Help

E-H-melsHFaasAalm-o-Im-a-iTATE

| 1: Contours of Static Pressur = |

Meshing Graphics and Animations
! n Graphics
Solution Setup Mesh
General ecton
ectors
Models Patrines
Materials Particle Tracks

Cell Zone Conditions
Boundary Conditions

Dynamic Mesh
Reference Values

Sistion Animations
Solution Methods Scene Animation
Solution Controls Solution Animation Playback
Monitors
Solution Initialization
Calculation Activities
Run Calculation
Results [setu
Plots
Reparts | options... || Scene.. || views.. |
| Lights... ]| colormap... | |Annotate... |
[Hem

Fluent 15.0

181 2.1290e-85 3.50859e-088 4.7633e-B8 8.2638e-088 1.367%e-07

182 2.1424e-05 3.5506%9e-08 4.9483e-08 7.7898e-068 1.2133e-07

183 2.0255e-085 3.4986e-08 4.8827e-08 7.9404e-08 1.3006e-07

184 2.8871e-85 3.5351e-08 4.7628e-08 8.0842e-08 1.3533e-07

185 2.8648e-85 3.4719e-88 4.9468e-B8 7.9676e-88 1.2884e-87

186 2.1338e-85 3.6624e-88 4.9398e-B8 8.1318e-88 1.1357e-87

187 2.8932e-85 3.5637e-88 4.6816e-B8 7._468B4e-88 1.0282e-87

iter continuity =x-velocity y-velocity k epsilon

188 2.1496e-085 3.6454e-08 5.0444e-B8 7.6243e-08 1.1207e-07

189 2.1118e-085 3.5580e-08 4.7481e-068 7.5492e-08 1.0790e-07

190 2.67%6e-05 3.8001e-08 4.9387e-08 7.9904e-08 1.2075e-07

88 4.8614e-B8 7.983%e-88 1.2618e-87

B8 4.9827e-B8 7.426%9e-88 1.1289e-87

H H H 08 4.8598e-88 7.4863e-08 1.8684e-87
rap ICS an anll I latlon 08 4.9890e-P8 B8.8864e-088 1.2329e-07
08 4.8641e-0B8 7.9383e-08 1.1720e-07

08 4.9280e-068 7.4897e-08 1.1406e-07

08 4.8897e-08 7.5183e-08 1.0509e-07

Ontou rS 08 5.0192e-88 7.73%53e-88 1.1719e-07
ty y-velocity k epsilon

B8 4.8196e-B8 8.1773e-88 1.3824e-87

288 2.8813e-85 3.7445e-88 4.7990e-08 7.6341e-08 1.1182e-87 0:

number tracked = 29, escaped = 29, aborted = 0, trapped = 8, evaporated = 8, incomplete = @

n




[ B:Fluent Fluent@CFDLAB-08 2, pbns, ske] [ANSYS Academic Reearch CFD]

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

E-H-melsHFaasAalm-o-Im-a-iTATE

| 1: Contours of Turbulent kine = |

Meshing Graphics and Animations
: Graphics
Solution Setup Mesh
General ==
ectors
Models Patrines
Materials Particle Tracks

Cell Zone Conditions
Boundary Conditions

Dynamic Mesh
Reference Values

Sistion Animations
Solution Methods Scene Animation
Solution Controls Solution Animation Playback
Monitors
Solution Initialization
Calculation Activities
Run Calculation
Results [setu
Plots
Reparts | options... || Scene.. || views.. |
| Lights... ]| colormap... | |Annotate... |
[Hem

Fluent 15.0

181 2.1290e-85 3.50859e-088 4.7633e-B8 8.2638e-088 1.367%e-07

182 2.1424e-05 3.5506%9e-08 4.9483e-08 7.7898e-068 1.2133e-07

183 2.0255e-085 3.4986e-08 4.8827e-08 7.9404e-08 1.3006e-07

184 2.8871e-85 3.5351e-08 4.7628e-08 8.0842e-08 1.3533e-07

185 2.8648e-85 3.4719e-88 4.9468e-B8 7.9676e-88 1.2884e-87

186 2.1338e-85 3.6624e-88 4.9398e-B8 8.1318e-88 1.1357e-87

187 2.8932e-85 3.5637e-88 4.6816e-B8 7._468B4e-88 1.0282e-87

iter continuity =x-velocity y-velocity k epsilon

188 2.1496e-085 3.6454e-08 5.0444e-B8 7.6243e-08 1.1207e-07

189 2.1118e-085 3.5580e-08 4.7481e-068 7.5492e-08 1.0790e-07

190 2.67%6e-05 3.8001e-08 4.9387e-08 7.9904e-08 1.2075e-07

88 4.8614e-B8 7.983%e-88 1.2618e-87

B8 4.9827e-B8 7.426%9e-88 1.1289e-87

H H H 08 4.8598e-88 7.4863e-08 1.8684e-87
rap ICS an anll I latlon 08 4.9890e-P8 B8.8864e-088 1.2329e-07
08 4.8641e-0B8 7.9383e-08 1.1720e-07

08 4.9280e-068 7.4897e-08 1.1406e-07

08 4.8897e-08 7.5183e-08 1.0509e-07

Ontou rS 08 5.0192e-88 7.73%53e-88 1.1719e-07
ty y-velocity k epsilon

B8 4.8196e-B8 8.1773e-88 1.3824e-87

288 2.8813e-85 3.7445e-88 4.7990e-08 7.6341e-08 1.1182e-87 0:

number tracked = 29, escaped = 29, aborted = 0, trapped = 8, evaporated = 8, incomplete = @

n




Contour plots: velocity

3 B:Fluent Fluent@CFDLAB-08 [2d, pbns, ske] [ANSYS Academic Research CFD]

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

C=ra

Meshing Graphics and Animations
: Graphics
Solution Setup Mesh
General Vect
Vectors
Models Pathiines
Materials Partice Tracks

Cell Zone Conditions

Boundar!

Dynamic Mesh
Reference Values

Sistion Animations
Solution Methods Scene Animation
Solution Controls Solution Animation Playback
Moritors

Solution Initialization
Calculation Activities
Run Caleulation

Results

Plots
Reports

s rH-meSHFaa el m-O0-) -

=

Conditions

| set uy

| options... || Scene.. || views.. |
| Lights... ]| colormap... | |Annotate... |
[Hep |

4 ANER

| 1: Contours of Velocity Magn ~ |

Fluent 15.0

181
182
183
184
185
186
187
iter
188
189
190

2.12992-05
2.1424e-05
2.08255e-0%
2.0871e-05
2. B64Be-05
2.1330e-85
2.0932e-05%
continuity
2.1496e-05
2.1118e-05%
2.0756e-05

3.5050e-08
3.5509e-08
3.4986e-08
3.5351e-08
3.4719e-88
3.6624e-08
3.5637e-08
x-velocity
3.6454e-08
3.5580e-08
3.8001e-08

a8

a8

1) Graphics and animation

2) Contours

288

2.8813e-05

a8
08
a8
ty
a8
3.7445e-08

number tracked = 29, escaped =

4.7633e-08
4.9483e-08
4.8827e-08
4.7628e-63
4.9468e-88
4.9398e-88
4.6816e-88
y-velocity
C.0444e-08
4.7481e-08
4.9387e-63
4.8614e-88
4.9827e-88
4.8598e-88
4.90890e-08
4.8641e-08
4.9280e-08
4.8897e-03
5.0192e-68
y-velocity
4.8196e-88
4.7990e-08

29, aborted

8.2038e-08
7.7808e-68
7.9404e- 68
§.0842e-08
7.9676e-88
8.1318e-88
7. h684e- 88

k
7.6243e- 68
7.5407e- 068
7.9904e-08
7.9839e-88
7. 4269e-88
7.4863e-88
8.0B64e- B8
7.9383e-68
7.4807e-068
7.5183e-08
F.7353e-08

k

8.1773e-88
7.6341e-08

08, trapped

1.36792-07
1.2133e-07
1.3006e-07
1.3533e-07
1.2884e-87
1.1357e-87
1.8282e-87

epsilon
1.1297e-07
1.6790e-07
1.2075e-07
1.2618e-87
1.1289e-87
1.B8684e-87
1.2329e-07
1.1720e-07
1.1406e-07
1.0509e-07
1.1719e-07

epsilon
1.30824e-87
1.1182e-087 @:
= B, evaporated =

6, incomplete =

n
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ke] [ANSYS Academic Research CFD]
Report Parcllel

Velocity vectors

E-O- W -w- 2 NTE

| 1: velocity Vectors ColoredB ~ |

Meshing Graphics and Animations
: Graphics
Solution Setup Mesh
General Contours
Models ‘ Pathines
Materials Particle Tracks

Cell Zone Conditions
Boundary Conditions

Dynamic Mesh
Reference Values

Sistion Animations
Solution Methods Scene Animation
Solution Controls Solution Animation Playback
Monitors
Solution Initialization
Calculation Activities
Run Calculation
Results [setu
Plots
Reparts | options... || Scene.. || views.. |
| Lights... ]| colormap... | |Annotate... |
[Hem

Fluent 15.0

181 2.1290e-85 3.50859e-088 4.7633e-B8 8.2638e-088 1.367%e-07
182 2.1424e-05 3.5506%9e-08 4.9483e-08 7.7898e-068 1.2133e-07
183 2.0255e-085 3.4986e-08 4.8827e-08 7.9404e-08 1.3006e-07
184 2.8871e-85 3.5351e-08 4.7628e-08 8.0842e-08 1.3533e-07
185 2.8648e-85 3.4719e-88 4.9468e-B8 7.9676e-88 1.2884e-87
186 2.1338e-85 3.6624e-88 4.9398e-B8 8.1318e-88 1.1357e-87
187 2.8932e-85 3.5637e-88 4.6816e-B8 7._468B4e-88 1.0282e-87
iter continuity =x-velocity y-velocity k epsilon
188 2.1496e-085 3.6454e-08 5.0444e-B8 7.6243e-08 1.1207e-07
189 2.1118e-085 3.5580e-08 4.7481e-068 7.5492e-08 1.0790e-07
190 2.67%6e-05 3.8001e-08 4.9387e-08 7.9904e-08 1.2075e-07
191 2.8111e-85 3.7275e-88 4.8614e-B8 7.983%e-88 1.2618e-87
192 2.8885e-85 3.6587e-88 4.9827e-B8 7.426%9e-88 1.1289e-87
193 2.1148e-85 3.6378e-88 4.8598e-B8 7._4863e-88 1.0684%e-87
194 2.8877e-85 3.5997e-088 4.9090e-P8 8.8864e-08 1.2329e-07
195 2.087%9e-05 3.7206e-08 4.B641e-0B8 7.9383e-08 1.1720e-07
196 2.1435e-085 3.6393e-08 4.9280e-068 7.4897e-08 1.1406e-07
197 2.1547e-05 3.7647e-08 4.8897e-08 7.5183e-08 1.0509e-07
198 2.0742e-85 3.5779e-08 5.0192e-88 7.73%53e-88 1.1719e-07
iter continuity =x-velocity y-velocity k epsilon
199 2.1287e-85 3.5758e-88 4.8196e-B8 8.1773e-88 1.3824e-87
208 2.8813e-85 3.7445e-88 4.7990e-08 7.6341e-08 1.1182e-87 0:
number tracked = 29, escaped = 29, aborted = 0, trapped = 8, evaporated = 8, incomplete = @

n







