B.V.Babu: Process Plant Simulation 1
15.2.5. Step-wise methodology of FLUENT usage for a problem

15.2.5.1. Problem-1: Flow through a circular pipe

Problem Statement:

Consider a fluid (air) flowing through a circular pipe at an inlet velocity 1 m/s. The inlet
temperature is 300 K and the pipe wall outlet temperature is 600 K. The length and

diameter of the pipe are 50 mm and 1 mm respectively.

Tw =600 K

Air i

Uo =1

A
_Y

L =50 mm

Fig. 15.6. Flow through a circular pipe.

Find the temperature, pressure and velocity contours with the following assumptions:
1. The flow is steady and incompressible.

2. The fluid properties viscosity and density are constant.
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Step 1: Starting FLUENT on a Windows System

Click on the Start button, select the Programs menu, select the Fluent.Inc menu, and then

select the FLUENT 6 program item. The opening screen should look something like this.

S FLUENT [2d. segregated, lam] M=l E3
File Grid Degfine Solve Adapt Surface Display Plot Beport Parallel Help

Welcome to Fluent 6.8.28

Copyright 2881 Fluent Inc.
All Rights Reserved

Loading "D:\FLUEHT .INCAfluenté . B8\1ib\f1l s112_dmp"
Done.

Current fluent usage:
1. user@che-lab-hysys Fri Oct 3 18:32 che-lab-hysys
License for fluent expires 26-aug-2884.
Loading "GC:\/.cxlayout”
Done.

> |

a

Step 2: Choosing the Solver Formulation

FLUENT provides three different solver formulations:

° Segregated
° Coupled implicit
° Coupled explicit

All three solver formulations will provide accurate results for a broad range of flows, but
in some cases one formulation may perform better than the others. The segregated and
coupled approaches differ in the way that the continuity, momentum, and energy and
species equations are solved: the segregated solver solves these equations sequentially,

while the coupled solver solves them simultaneously
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> User Inputs for Solver Selection

To choose one of the three solver formulations, you will use the Solver panel (Figure 1).

Define — Models —* Solver...

@& FLUENT [2d. segregated. lam] M[=] B3
File  Grd @R Solve Adapt Suface Displag Plob Beport Parallel Help
Solver... ;I
Currenl Matenials . Multiphase. ..
1. At Fhases. . Yismous... ¥:32 che-lab-hysys
L1|::E|:|5£ Operating Conditions. .. Energy...
Loadint - L
pone. | Boundamy Conditionz... B adiation. ..
) Eernndie Eonditicn. . Species...
> Read] Grid Irterfaces Dizcrete Phaze. 1.msh™...
1 = . Solidfication & Melting...
> Dynamiz Mesh 3
Mixing FI Follutants 3
< MiBng Flanes. . I6T faces, Zone  o.
B i e [l e zone G.
] Injections. AL IS
1t 'Hl T ces, Fone §.
A EEEEE ls, zone 2.
. . Custom Field Functions... e
Buildir .
gr Profiles. ..
ma Uritz....
17 Uzer-Defined 3
dc ¥ ﬂ
[« 2

To use the segregated solver, retain the default selection of Segregated under Solver. To
use the coupled implicit solver, select Coupled under Solver and Implicit (the default)
under Formulation. To use the coupled explicit solver, select Coupled under Solver and

Explicit under Formulation.
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= Solver

Solver Fornmulation
# Segregated - Implicit
~ Coupled w Frphal

Space Time
2D - Steady
w AXizymmetric + Unsteady

= Bxisymmetric Swir
e

Velocity Formulation

“ Absolute

+ Relative

OK Cancel Help

Fig. 15.7. The Solver Panel

For this problem-segregated, 2D, Steady state absolute model solver has been selected.

Step 3: Reading Mesh Files

Mesh files, also known as grid files, are created with the GAMBIT grid generator. A grid
file is--from FLUENT's point of view--simply a subset of a case file. The grid file
contains the coordinates of all the nodes, connectivity information that tells how the

nodes are connected to one another to form faces and cells.

» GAMBIT Grid Files

GAMBIT is used to create 2D and 3D structured/unstructured/hybrid grids. GAMBIT is a
software package designed to help analysts and designers build and mesh models for
computational fluid dynamics (CFD) and other scientific applications. GAMBIT receives
user input by means of its graphical user interface (GUI). The GAMBIT GUI makes the
basic steps of building, meshing, and assigning zone types to a model. To create any of

these meshes for FLUENT, follow the following procedures

Click on the exe file of the GAMBIT. The opening screen should look like this.
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><GAMBIT Solver: Generic 1D: default_id

File Edit Solver

el

[ [=] ]

Operation

| o]k

Geometry

Transcript

Description

defanlt_id. lok
default_id. trn

T

command: |

» Creating the Geometry

Global Control

| peuve S5

% @

PEEEER

When you click the Geometry command button on the Operation toolpad, GAMBIT

opens the Geometry subpad. The Geometry subpad contains command buttons that allow

you to create, move, copy, modify, summarize, and delete vertices, edges, faces, and

volumes. The Geometry subpad also contains a command button that allows you to

perform operations involving groups of topological entities.The symbols associated with

each of the Geometry subpad command sets are shown as below.
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>< GAMBIT  Solver: Generic  1D: pp2mel

File Edit Solver

Help

- [5]x]

Operation

@ |8t

Geometry

Create Real Vertex

coordinate Sys. [E_sys. 4
Type Cartesian
Glohal Local
o ] Y
YR Y[R
i R
Label l—
Apply | Reset | dcose |

Transcript

DescHption

ppenel. trn

Command: L

Global Control

| gl

GAMBIT modeling forms require you to specify a location in space relative to a

specified coordinate system. For example, the Create Real Vertex form shown in Fig. 2

requires you to specify the three coordinates describing the point at which the vertex is to

be created.
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Coordinate 3ys. En:_sysi ﬂ

Type Caresian — |
Glohal Local

EH [:IZI - H [:III

¥: I:IZI ¥ [III

z [IZI z [El

Label [
Apply | Reset | Close

Fig. 15.8. Creating Real Vertex

By specifying the co-ordinates in create real vertex form the four vertices look as below.

>< GAMBIT Solver: Generic 1D: default_id

File Edit Solver

Help

Transcript ey Description
Created wertex: vertex. 4 4
Command> vertex create coordinates 10 0 0
Created wvertex: wertex. 5 -
/

Command: I.

@ o

Geometry

Vertex

SENEr
(5] i]4]

Create Real Vertex
coorinate Sys. [Fsys. 4

Type Cartesian

Glohal Local

Apply | Reset I Close I

Global Control

| swove 5IE8 1 o
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To create Edges

The following commands are available on the Geometry/Edge subpad.

e == x|
File Edit Solver Help Operation
,
EREIE
Geometry

Create Straight Edge
Vertices |} IB

Type: 4 Real + Virtual

Wt e [J
abel [

Apply | Reset I Close I

Global Control

peawe 3|08 3|0 |
Descrption ]
Created wertex: vertex. 4 ] @ g : D’f;ﬁl %l
Command> vertex create coordinates 10 0 0 = = =
Created vertex: vertex. S v =

- Hosled
Cnmmand:l. 1 1

Transcript

=les

~L

To open the Create Straight Edge form (see below), click the Create Straight Edge to
open the command button on the Geometry/Edge subpad

Create Straight Edge

Vertices [[ ﬂ
Type: _JReal (& Virtual

B Host VYolume - || ﬂ

Label |

Apply | Reset | Close |
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To create an edge by means of straight edge command, you must specify two vertices that
comprise the end points of the edge. The edge starts from first (start) vertex to the second

(end). For example a straight-line edge is created between vertex1 and vertex 4 as shown

below.

% =151]

Edit Solver Help | ‘ Operation

Vertex List (Multiple)

Available Ficked
1

vertex 2 ———=fvert
vertex 3 "

WS TR

Mo fiter o | qose |

Vertices |[rertexd ll

Type: 4 Real ~ Virual

Wi o o || 8]
el [T

Apply | Reset | cose |

Global Control

1| cwe  F| 5 o

Transcript & Description I
Created wertex: wvertex 4 5 g |g D?,Jﬁll %l
Command> edge create straight "vertex. 1" "wertex. 2" = =
Created edge: edge. 1 — ¥ EE
/ FEE
Command: L | i

Similarly all edges are created.
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Y GAMBIT  Solver: Generic 1D: ppZmel [_T=]=]
File Edit Solver Help Operation

& 5]t

Create Straight Edge
vertices |! ll

Type: 4 Real -~ Virtual

fpply | Reset | dose |

Global Control

| sotve (1

Transcript Y Description
Crested edge. cdge.d ’I @g 0y DE,?,I <‘E_3|
7 oy —
: — B

Command: l

> To create Face

Create Face From Wireframe command allows you to create a face from three or more

existing edges. The following commands are available on the Geometry/Face subpad.
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>< GAMBIT  Solver: Generic 1D: 1223

File Edit Solver

Help

Transcript A Description
Created edge: edge. 3 &
Commandr edge create straight "wertex 2 "wvertex. 3"
Created edge: edge. 4 -
£

command: |

11

[_[5]x]

Operation

& o]

Create Face From Wireframe
Edges  [f b

Type: 4 Real « Virual

Global Control

| cewve )8 )

AR

EEEEE

To create a face by means of the Create Face From Wireframe option, you must

specify the following parameters:

. The edges that define the wire frame

. The face type—real or virtual.

The face is created as shown.
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S =15 ]
Help I | Operation

Edge List {Multiple)

Available Picked

Edit Solver

---=fedge
edge 2
edge.d

Mo filter | Close |

Edges Tedge 4 LI

Type: 4 Real ~ Virual

Apply | Resel I Close I

Global Control

peve 5] ) E| 5

L

Transchpt Fes Description
ERROE: A face cannot be constructed from the given set of edges S
Command> face create wireframe “"edge.l" real
ERROR: & face carmot be constructed from the given set of sdges =]
£
Cnmmand:L

The final face window looks like this.
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)/\

File Edit Solver

Help

13

=151]

Operation

[& 5|%@] i

b
Create Face From Wireframe

Edges II il
Type: 4 Real - Virual
R e HE J
A iy ot
Tolaranos I—

Label T
Apply I Reset | Close

Transcript.

Description

Command> face create wireframe "edge.l" "edge. 2" "edge. 3" "edge.4" real
created face: face.l

-1

Command: L

» Meshing The Model

GRAPHICS WINDOW- UEFPER
LEFT (UADR&ANT

Global Control

| et || /R

o7

Td @ B

EEEEE

When you click the Mesh command button on the Operation toolpad, GAMBIT opens

the Mesh subpad. The Mesh subpad contains command buttons that allow you to

perform mesh operations involving boundary layers, edges, faces, volumes, and groups.

The symbols associated with each of the Mesh subpad command sets are as follows.
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>< GAMBIT  Solver: Generic ID: 1223 [ (=]
File Edit Solver Help Operation

Global Control

| ecuve 51IFR IR

Transcript

Description

A
ERROR: & face cannot be constructed from the given set of edges A (| cRaPHICS WINDOW- UPPER @ g L D”;ﬁl %l
Conmand> face create wireframe "edge.1" "edge.2" "edge. 3" "edge.4" real LEFT OUADRANT = =
Created face: face.l - " =

/ B[ IS
Command: I. ]
Mesh Edges

The Mesh Edges command allows you to grade or mesh any or all edges in the model.
When you grade an edge, GAMBIT applies the mesh node spacing specifications but
does not create mesh nodes on the edge. When you mesh an edge, GAMBIT creates mesh

nodes according to the specifications.

To perform a grading or meshing operation, you must specify the following parameters:

. Edge(s) to which the grading specifications apply
. Grading scheme

. Mesh node spacing (number of intervals)

. Edge meshing options.

These operations are shown below
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¥ =]

Edlit Solver Help | | Operation

Edge List (Multiple)

Available Ficked

---=||edge.d
edge.d
edge.2

itk

‘OR

ELLE B

<=8l

il
< aese |

Edges IIedge 1 !I
W Pick with links  Reverse

Soft link B =

| Use first edge settings

Grading W Apply  Default
TYPE  5iccessive Ratio —
Invert -l Double sided

Ratio Iﬁ
—

—| Spacing W Apply  Default

Transchpt & Description
1

ERROR: & face carmot he constructed from the given set of edges A E Interval size
Command: face create wireframe "edge.l" "edge.2" "edge. 3" "edge.4" real options = o
Created face: face.l _

/ - Remove old mes
Command: I, ] I lgnore size func.t
Mesh Faces

The Mesh Faces command allows you to create the mesh for one or more faces in the
model. When you mesh a face, GAMBIT creates mesh nodes on the face according to the

currently specified meshing parameters.

To mesh a face, you must specify the following parameters:

. Face(s) to be meshed
. Meshing scheme
. Mesh node spacing

. Face meshing options
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The operations are shown below

5

Edit Solver

st (Multiple)

16

S

Ficked

* WS

Description

Transcript. s
Y

Command> undo endgroup
Command> face mesh "face.l' map size 1
Mesh generated for face Eace.l: mesh Eaces = 100.

=L

Command: L

Mo filter | Close
Faces Tace.1
Scheme: W Apply Defaulll
Elements: Quad  —
Type: Map -
Smoother: Mone -
Spacing: M Apply  Defautt|
I] Interval size
Options: ' Mesh
W Remove old mest
1 Remove lower me
1 Ighore size functi
Apply Reset Close

2V
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After specifying the faces to be meshed and the interval size, the final mesh looks as

such.
% MEIE

File Edit Solver Help Operation

= @ik

Mesh

Faces II il

Scheme: W Apply  Defaut|
Elements: @uad |

Type: Map

—
Smoother: Mone -

Spacing: W Apply Defaultl
10 Interval count

Options:

Transcript 4 Description
Command> face mesh "face.l" map intervals 10 5 | Apply I Reset | Close |
Mesh generated for face face.l: mesh faces = 100. —
4 - =
= S Z ] n=g
|2 |2 D
Cnmmand:l. 1 1

Specifying Zone Types

Zone-type specifications define the physical and operational characteristics of the model
at its boundaries and within specific regions of its domain. There are two classes of zone-

type specifications:

. Boundary types

. Continuum types

Boundary-type specifications define the physical and operational characteristics of the
model at those topological entities that represent model boundaries. For example, if you
assign an INFLOW boundary type specification to a face entity that is part of three-
dimensional model, the model is defined such that material flows into the model domain

through the specified face.
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>< GAMEBIT Solver: FLUENT 576 ID: pp2mel
File Edit Solver

Help

type=PRESSURE _0

18

: [_ 5] =]
| 3@ i

Zones

@ | @ |

Transcript

»

Description

Command> physics create "welocity_inlet. 3" btype "VELOCITY INLET" edge "edi |2

Created Boundary entity: welocity_inlet. 3 —
P

~d ] -

Command: l ]

Export the Mesh File to Fluent

GRAPHICS WINDOW- UPPER
LEFT QUADRANT

Entity:
Edges — l— ﬂ
Label Type
_ |
|1 13 ] I ':
Remove | Edit |
apply || Reset | dose |

Specify Boundary Types

FLUENT 5/6
Action:
4 add ~ hodify
w Delete  «~ Delete all

Hame Type

wall 1 WLl
pressure_outlet.z PRESSURE_OUTL
velocity_inlet.3 WELOCITY _IMLET

<1 [ i) ]
I Show labels [ Show colors

Hame: | pressurdoutietz

Type:
FRESSURE_COUTLET — |

The mesh file is then exported to fluent by opening the file menu and then exporting the

mesh file File — Export — mesh...
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Step 4: Reading And Importing Gambit Mesh Files

FLUENT 5/6 grid created in GAMBIT, is read into FLUENT using the
File/Read/Case...Menu item. File —*Read — Case...

Selecting the Case... menu item will open the Select File dialog box, in which you will
specify the name of the file to be read. If you have saved a neutral file from GAMBIT,
rather than a FLUENT grid file, you can import it into FLUENT using the
File/Import/GAMBIT... menu item. File — Import —+ GAMBIT...

& FLUENT [2d. segregated. lam] M=l B3
[ZE8 Grid Define Solve Adapt Swface Display  Plob Beport Parallel Help
=
Wirite k| DEtE a.2e
Caze & Data...
lEmpD[tt g Pd_f it Inc.
| et Hays.
iEmelEE RS ESEEE | yanta . @V1ibAFL_s112 . dmp™
Profile...
Hardzopy...
Save Layout Scheme...
B clowyisil \b-hysys Thu ODct 2 17:32 che-lab-hysys
Exit p.msh 'S 26-aug-208064.
e ——————
Done. pns2
cvd
>
=
<] #l

Selecting the File From the Directory
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T FLUENT [2d. segregated. lam] =] S
File Gnd Define Solve Adapt Suface Dizplay  Plob Beport Parallel Help

el S clect File HE|
[:Dpyl‘:!.ght Loak jr: |'S cp j | EF' |
All Right
Elpp2me1
Loading "D :\FL |f#] 2002hmsh
Done. pp2mel.msh
Gurrent fluent
1. Administr
License for f1
Loading "C:\/.
Done.
> Caze File Ipp2me1 ak, I
Filez of twpe: Il:ase Files j Cancel |
=]
[« 2w

After selecting the corresponding mesh file the FLUENT window looks like this
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Welcome to Fluent 6.0.20

Copyright 2881 Fluent Inc.
A1l Rights Reserved

Loading “D:\FLUENT.INC\fluent6.@\1ib\fl_s112.dmp™
Done.

Current fluent usage:
1. Administrator@che-lab-hysys Thu Oct 2 17:32 che-lab-hysys
License for fluent expires 26-aug-2004.
Loading “C:\/.cxlayout"
Done.

> Reading “D:\FLUENT.INC\ntbin\ntx86\cp\pp2me1.msh”...
121 nodes.
18 nixed outflow faces, zone 3.
18 nixed velocity-inlet faces, zone 4.
10 nixed wall faces, zone 5.
10 nixed wall faces, zone 6.
188 nixed interior faces, zone 8.
180 quadrilateral cells, zone 2.

Building...

grid,

materials,

interface,

domains,

Zones,
default-interior
wall.7
wall.8
velocity inlet.9
outflow.10
fluid

shell conduction zones,

Done.

21
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Step 5: Scaling the Grid

The grid scaling is done as shown below

& FLUENT [2d. segregated. lam] =
Eile Define  Solve Adapt Suface  Display  Plot Beport Parallel Help
Check B
Cur  |nfo » pge:
1 @che-lab-hysys Thu Oct 2 17:32 che-lab-hysys
Lig Merge.. t expires 26-aug-2004.
Loz Separate » pyout”
Dor  Fuze..
> F  Beorder P EHMT.INCuntbin\ntx8é\cp\pp2mel _msh™. ..
kFluw faces, zone 3.
locity-inlet faces, zone 4.
11 faces, zone 5.
5 thiS e L]
mee ner 11 faces, Zone 6.

188 nmixed interior faces, zone 8.
108 quadrilateral cells, zone 2.

Building...
grid,
materials,
interface,

domains,
hd
2

< =

After clicking the Scale, the window appears as shown below. Enter the dimension of the

problem using Units Conversion in the Scale Grid form.
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T FLUENT [2d, segregated, lam] =10 %]
File Grid Degfine Solve Adapt Suface Dizplay Plot Beport Parallel Help

B
Current fluent usage : PRy
1. Administrator@ct
License for fluent ex Scale Factors Units Conversion
Loading "C:\/.cxlayoL .
Done. xlﬂ_ﬂ[ﬁ Grid Was Created Inlmm v|
> Reading "D:\FLUEHT. Ylﬂ.ﬂm Change Length Unitsl
121 nodes.
108 mixed outflc Domain Extents
18 mixed veloci
10 mixed wall f | Xmin [m]IB ®max [m] A.65
10 mixed wall |
188 mixed interi | wmin Im I— Ymax [m
188 quadrilater: (m) fo (m) |o. 661
Building...
grid, i Scale | UnScaIel Close | Help |
materials,
interface,
domains, |
<] 2w

Step 6: Defining the Model

» Selecting the Viscous and Energy model
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& FLUENT [2d. segregated. lam] =]
File Grid Define Solve Adapt Surface Display Plot Heport Parallel Help
B
Current fluent usage:
1. Administrator@che-lab-husus Thu Oct 2 17:32 che-lab-hysys
License for Fluent expires [ETSENTERIfbn| |
Loading "C:\/.cxlayout”
Done. Model
> Readi "D :%FLUEHT . INCYynt ® [nsoseli
eading : . nt | o .
121 nodes. o Lamiran
18 mixed outflow Face Spalart-Allmaras [1 eqn]
10 mixzed velocity-inl | © kepsilon [2 eqn]
10 mixed wall faces, | O komega [2 eqn]
18 mixed wall faces, | Bevnolds Stress (5 eqn)
180 mixed interior fac
188 quadrilateral cell—————
o OK | {Cancei] Help | W
Building...
grid,
materials,
interface,
domains, |
<] 2w

File Grd Define Solve Adapt Surface Dizplay Plot Beport Parallel Help

& FLUENT [2d. seagregated. lam] = O] =]

Current fluent usage:
1. Administrator@che-lab-hysys Thu Oct 2 17:32 che-lab-hysys
License for fluent expires 26-aug-2884.
Loading "C:\/.cxlayout”
Done.
Energy | x|
> Reading "D :\FLUENT.INCuntEL g
121 nodes. Energy
10 mixed outflow face: |7 E
18 mixed velocity-inle -
18 mized wall faces, :
18 mixed wall faces, : 0K | Cance” Help |
188 mixed interior face
180 quadrilateral cells, zone 2.

g

Building...
grid,
materials,
interface,
domains,

B

]

Skl

Step 7: Selecting The Materials
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The Materials panel allows you to create new materials, copy materials from the global

database, and modify material properties.  Define — Materials...

Surface Display Plat Beportt  Parallel Help

@ FLUENT [2d. segregated, lam] =]

g |«
Curreni gEtEETS
1. A0 Phaees rhysys Thu Oct 2 17:32 che-lab-hysys
LlcEI:ISE Operating Conditions. .. 26-aug-2004.
Loading -
pone. Boundary Conditions....
) Peniadie EandibiErss.
» Readi iy iterfaces thinwntx86h\cpippZmel.msh' ...
1 :
»
1 %‘.’Iham;hﬂlﬁh Ps, Zone 3.
-+ MEINg FEnSs. . let faces, zone 4.
40 b epalagy.. zone 5.
] Injections LG e
18 ° res, zone 8.
4 GEvEsing.. 15, zone 2.
. . Custom Field Functions. .. e
Buildir .
gr Prafiles. ..
mnd Units....
11 zer-Defined 4
dc v Ad
<] o

The Materials Panel looks as such

= Materials
HMaunne Material Type ODrder Makerials By
| air | fuid |1| “ Mame
Chemical Fonmula Fluid Materials = Chemical Formula
I | bl |1| Dalabase...l
Properties
(PEMEIED ERTkTED | constant |1| g | |
I 1,225
Cp (Ika—k} | constant |1| ;’:&{I
I LG, 43
Thermal Conduckivity (w.imn—k) | constant |1| |
I oL 0242
Wiscosity (kg/in—s) | constant |1| g |
I 1,7E94=—05
o
Change Create I Delete I Close I Help I
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For this problem solid selected is steel and the fluid selected is air from the database as

shown below.

Ther

D atabase Maternals

Solid Materials Material Type

dolomite [cao_mgo_2co?Z) =] Isulid j
gold [au] =

gypsum [casod_Zh20] Order Materials By

nickel [ni

* Name
= Chemical Formula
=l
Properties
Density (kg/m3] Icunstant j View...l B

|saaa

Cp litkg-K) I constant

|sssaaaa

|552-us
Thermal Conductivity [wfm-k] Icunstant j View.. |
|16-2?
Electrical Conductivity [1fohm-m] Icunstant j View... | (

| I
T X

Cupyl Clusel Helpl

|
b
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|
Name Material Type Order Materials By
E [air [fuid -] & Name x|
E .
— Chemical Formula Fluid Materials " Chemical Formula )
c I Iair j Database... |
L Properties
L D ity [k 3 :I
D ensity [kg/m ]Icunslanl j Edit... |
> |1 .225
Cp kg &) Icunslanl j Edit... |
|1 006 .43
Thermal Conductivity [wjim-k] Icunslanl j Edit |
B |n. 0242
Viscosity (kg/m-s) Icnnstant j Edit... |
R |1 .78948-85 2 -
|4 #
I ChangefCreate | Delete | """""""" Clusel Help | I

Step 8: Selecting the Operating Conditions

The operating conditions panel allows you to select appropriate operating conditions for

the given problem.  Define — Operating Conditions...

& FLUENT [2d. segregated, lam] M=] &3
File  Grid gNEGER Scolve Adapt Surface Display  Plob Beport Paralel Help
Models » ;I
Currenl Matenials .
1. A0 Phaees Fhysys Thu Oct 2 17:32 che-lab-hysys
Li B (perating Conditions. . 26-aug-2864.
Iﬁgﬁgln! Boundary Conditionz. .
) Benadie Eamndfinms.,
> Readi  roditerdaces Ebinyntx86\cp\pp2me1.msh™ ...
1f Diyrnamic kMesh 3 b zone 3
- Miging Planes... let faces, zone 4.
By i i zone 5.
] Injections g e
1% 'H' T res, Zone 8.
4y B irasng... 15, zone 2.
Buildi Custom Field Functions. .. o
ur ;: Frofiles...
ma Unitz. ..
1r Uzer-Defined 3
di ¥ ﬂ
<] ml
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The Operating Condition panel looks as such

& FLUENT [2d. segregated. lam] O] x|
File Grid Degfine Solve Adapt Swface Display Plot Beport Parallel Help
B
Current fluent usage: = =
1. Administrator@ch (LS CIO RS Iygyg

License for fluent ex Pressure Gravi
Loading "C:%\/.cxlayou ty
Done. Operating Pressure [pascal] | | [ Gravity
> Reading "D:\FLUENT. | |191325

121 nodes. .

18 mixed outflo Heference Pressure Location

18 mized veloci x[m]IB

18 mixed wall f

18 mixed wall f Y (m] g

1808 mixed interi I

188 quadrilatera
LG e ok | iCancei| Help |

grid, H

materials,

interface,

domains, -
<] =

Step 9: Selecting the Boundary Conditions

The Boundary Conditions panel_allows you to change the boundary zone type for a
given zone and open other panels to set the boundary condition parameters for each zone.

Define —* Boundary Conditions...
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File Grid JEGER Solve Adapt Suface Display Plot Beport Parallel Help
— Models 4 :I
Currenl Materials...
1. A Bhases Fhysys Thu Oct 2 17:32 che-lab-hysys
Licenss Operating Conditions... 26-aug-2004.

:; g ﬁ g ing Boundary Cond
) Fenodie Eondibione...
? Heagf Grid Interfaces. . Ebinkntx86\cpipp2met.msh™. ..
i . ¥
1 %‘,"r?am;MESh Ps, Zone 3.
4 MiEng Flanes. . let Faces, zone 4.
A Tivrbe Topalogy.. zone 5.
] Injections A5 0
1% in ces, Zone 8.
4 EEvTTECHTE. ls, zone 2.

. Cuztom Field Functions. ..
Buildir

gr Profiles...
m Uitz
;' |1zer-Defined 3
I ¥ ﬂ
<] [ 2
» Selecting Outflow Conditions
T FLUENT [2d, seqregated, lam] =] B3
File Grd Define Saolve Adapt Buundal}l Conditions
-]
Current fluent usage: I0E - - T',rp.e
1. Adninistrator@che- |default-interior |axis 2l )-nhysys
License for fluent expi [fluid exhaust-fan
Loading "C:\/.cxlayout™ [EIiGal inlet-vent
Done . velocity_inlet.d |intake-fan
. wall.¥ interface
> Reading "D:AFLUENT.IN |wall.f mass-flow-inlet
121 nodes.
18 mixed outflou autlet-vent
18 mixed velocity Hfarfield
18 mixed wall fac p:zz;z:—izlretm |
18 mixed wall fac P —outlet
188 mixed interior pressurte outle [
1088 quadrilateral gymmetry
ID f
Building... I3
grid,
materials,
interface, Set.. | Copy...| Close Hel
domains, | L | | P | -
<] >l

After specifying the zone as outflow.10 and type as Pressure Outlet the window appears

as below where the outlet pressure is entered. Pressure outlet boundary conditions require
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the specification of a static (gauge) pressure at the outlet boundary. The value of static
pressure specified is used only while the flow is subsonic. Should the flow become
locally supersonic, the specified pressure is no longer used; pressure will be extrapolated

from the flow in the interior. All other flow quantities are extrapolated from the interior.

A set of ““backflow" conditions is also specified to be used if the flow reverses direction
at the pressure outlet boundary during the solution process. Convergence difficulties will

be minimized if you specify realistic values for the backflow quantities.

T FLUENT [2d. segregated, lam] O] x|
Fil= Gnd Define Solve Adapt Buundal_l,l i fins ]
2]
Current fluent usage: 2l Type
1. administrator@che- |default-interior inlet-vent =] —hysys
License for fluent expi Ifluid intake-fan
Loading [TEn R =
Done.
Zone Name

> Readin Ipressure—uutlet—3

121

18 Gauge Pressure [pascal] |1 g1318 Icunstant j

18

18 Backilow Total Temperature [k]|3g|.] Icunstant j

18

188

108 0K | Cancell Help |
Building. .. |3

grid,

materials,

interface, Set... Copy... Close Hel

domains, I Py | | p | =
[« w2

Similarly velocity inlet and wall conditions are entered.

» Selecting the velocity inlet

Velocity inlet boundary conditions are used to define the flow velocity, along with all

relevant scalar properties of the flow, at flow inlets.
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& FLUENT [2d, segregated, lam] (=] £
File  Gid Define Solve Adapt = ERRFSENEITTE x|

Current fluent usane: Zone Type

1. Adm EELETRES

License -
Loading Zone Name

Done. Iuelucity_inlet -9

> Readin VYelocity Specification Mﬂthﬂdlcumpnnents
121
18 Reference Ffﬂmﬂlﬁ.hsnlute
18

1 g X-Velocity (mfs) 1] Icunstant

:II gg Y-¥elocity [mfs) I a I constant

Ledlefledp o fl o

Temperature [k
Building g [ ]|3““ Icunstant

gri
mat

int oK | Cancell Helpl
domdIng, T T T ]

Wl

> Selecting the wall conditions

Wall boundary conditions are used to bound fluid and solid regions. The shear stress and
heat transfer between the fluid and wall are computed based on the flow details in the

local flow field.
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wall
Zone Name
|wall.?

Adjacent Cell Zone
|Fluid

Thennal\DPM lMumenuun Species Hamaﬁun]UDS l

Thermal Conditions

© Heat Flux Temperature [k] |6l]l] R j
& Tl Wall Thickness (m) [5_ 600001

" Convection

" Radiation Heat Generation Rate [w/m3] |g

" Mixed

Material Name

0K | Cancel| Help |

Step 10: Solution Initialization

After entering all the parameters, the problem is initialized as shown below.

@ FLUENT [2d. segregated. lam] =] B3
File Grd [Cefine [ Adapt  Surface  Display  Plot Beport Parallel Help
LCantrols k | =
Current f1lue EElEES K| Initialize. ..
1. AAMiNis  oritors b :32 che-lab-hysys
License for | .- »

Loading "C:%

Execute Commands...
Done.

> Reading "D:\FLUENT.INCA\ntbinintx86\cp\pp2mel_msh' ...
121 nodes.
18 mixed outflow faces, zone 3.
18 mixed velocity-inlet faces, zone 4.
18 mixed wall faces, zone 5.
180 mixed wall faces, zone 6.
188 mixed interior faces, zone 8.
180 quadrilateral cells, zone 2.

Building...
grid,
materials,
interface,
domains,
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The initial values for the pressure and velocity are entered.
T FLUENT [2d. seqregated, lam] _[alx]
File Gnd Define Soklve Adapt Suface Display Plob Beport Parallel Help
Solution Imitialization ;I
Gurrent fluen
1. administ Compute From Reference Frame
ticgl]se fng I j ' Relative to Cell Zone
oading : ~
Done. Absolute
> Reading "D: Initial Yalues .
121 node | Gauge Pressure [pascal) |1 1325
18 mixe
18 mixe :
10 mixe X Yelocity [m{s] |1|
18 mixe .
180 mixe Y Yelocity [m{s] Ig
188 quad
: Temperature [k] IEEB -
Building... [
grid ,
naterial Init | Flesetl Applyl Clusel Help |
interfac
domains, -
[« =

Step 11: Residual Monitoring

After initializing Residual Monitoring is done to view the convergence plot
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34

& FLUENT [2d. zegregated, lam] [_ (O] x|
File Gnd Define Q- Adapt Suiface Digplay  Plot Beport Parallel Help
LCantrals 3 ;I
Current flue |nitialize 4
.1- Adminis Monitors vl FHesidual . 2 17:32 che-lab-hysys
LlcEI:ISE Fl:ll: fLinimate ¥ Statishc...
UL ERU, Erecute Commands... Eorce...
Done.
lterate. . Surface...
> Reading "D:\FLUENT.INC\nthi _ ¥&lms.. p2mel.msh™. ..
121 nodes.
18 mixed outflow faces, zone 3.
18 mixed velocity-inlet faces, zone 4.
18 mized wall faces, zone G.
18 mixed wall faces, zone 6.
188 mixed interior faces, zone 8.
188 quadrilateral cells, zone 2.
Building...
grid,
materials,
interface,
domains, |
0 2
I [y :
Residual Monitors
& FLUENT [2d. =¢ =] B3

File Grid Define 5

Current flueni

1. Administi
License for f!
Loading "C:\/
Done.

> Reading "D:°
121 node:
18 mixel
18 mixel
18 mixel
18 mixel
1808 mixeq
108 quadi

Building...

grid,
material:
interfac
domains,
i
[

Options Storage Plotting

lterations |1 ane i’

Normalization

Window Ia

lterations |1 ;1o 1) il

¥ Print

" Normalize ¥ Scale Axes... | C”NES'"l
Check Convergence |
Residual Monitor Conwvergence Criterion
Icuntinuity 7 7 Iﬂ.ﬂlﬁ
Ix—uelucity I I Iﬂ.ﬂm
Iy—uelucity Il I IB.BB1
Ienergy I I |1E—Bﬁ
[
0K Plot Henorm Cancell Help |

N
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Step 12: Iterate

35

Iterations are carried out as shown by specifying the number of iterations in Iterate form.

T FLUENT [2d. zegregated, lam] M=l E3
File Grid Define g
LContrals 3 ;I
Current flue |nitialize 4
1. Adminis  peritors » fus Thu Oct 2 17:32 che-lab-hysys
License for | .0 » [AUQ-2884.
L REUD SEC, Execute Commands...
Done.
> Reading "D:\FLUENT.IHCAntbinintx856\cp\pp2me1._msh"._._._
121 nodes.
18 mixed outflow faces, zone 3.
18 mixed velocity-inlet faces, zone 4.
18 mixed wall faces, zone 5.
18 mixed wall faces, zone 6.
188 mized interior Faces, zone 8.
180 quadrilateral cells, zone 2.
Building...
grid,
materials,
interface,
domains, |
K =0
L FLUENT [2d, segregated, lam] = 10| x|
File Grid Define Solve Adapt Swrface Dizplay Plot Eeport Parallel Help

Current fluent usage:
1. Administrator@che-lab-hysys Thu Oct 2 17:32 che-lab-hysys

License for fluent expj =
Loading “C:\/.cxlayout: R > |

Done. lteration
> Reading "D:\FLUENT.I| Number of Ilerali0n5|5na i’
121 nodes.
18 mixed outflow Reporting Intewal|1 i’
10 mixed velocit =
18 mixed wall fai | UDF Profile Update |ntewa||17ﬂ
18 mixed wall fa hd
188 mixed interio
188 quadrilateral
Iteratel Applyl Clusel Help |
Building...
grid,

materials,
interface,
domains,

Nkl
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Step 13: Results Obtained
T FLUENT [2d. segregated. lam] - O] =]
File Grd Define Solve Adapt Surface Display Plat Beport Parallel Help
iter continuity ®x-velocity y-velocity Energy time/siter B
438 1.8759e+00 6.0634e—-05 2_8950e-03 2.6177e-08 A:-00:01 Fi]
431 1.875%9e+00 6.0627e—-05 2_8950e-03 2.5323e-808 O:-00:01 69
432 1.8759e+008 ﬁ.l-]ﬁ-' _ S — o "I 68
433 1.08759e+00 6. 06 SRS 67
434 1._0759e+088 6.06] [teration i 66
435 1.0759e+00 6.086) [ LA |_— i 65
436 1.8759e+08 6.086: ﬂ 1] o4
437 1.8759e+008 6.06; q 63
438 1.075%e+00 6.06: @ LErallaes 2l p 62
439 1.8759e+008 6.06; = 61
448 1.875%e+080 6.86: | UDF | = 60
iter continuity x-ve! = fiter
441 1.875%9e+00 6.06; Lo
n2 1_8759e+00 6.06: LY
42 1.8759e+0808 6. 06! Iterate Apply ClDSBl HB||J | 7
uhy 1 _@759e+00 6. A6 G
445 1.8759e+080 6.06360—-05 2_8950e-03 2.7835%e-88 A:-00:02 55
hh 1.8759e+00 6.0628e—-05 2 _8950e-03 2_.7488e-08 0O:-00:01 5y
447 1.8759e+080 6.0632e-05 2_8950e-03 2_.8443e-08 A-00:01 53 |
=]
<] ol
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The final iterated values are shown.

iter
20
L1}
608
80
188
128
148
168
188
288
228
iter
248
268
288
388
a2e
Jun
Jo68
Jga
Laa
h2a
LT
iter
h68
488
caa

continuity
L6475e-01
.B681e+00
F681e-M
.B8759e+00
.8750e+00
.8750e+00
.8750e+00
. 87500+ 00
.8750e+ 00
.8750e+ 00
.8750e+ 00
ontinuity
. 87500+ 00
. 87500+ 00
. 87500+ 00
. 87500+ 00
.B750e+00
.B750e+00
.B750e+00
.B8750e+00
.B8750e+00
.B8750e+00
1.875%e+88
continuity
1.8759e+88
1.8759e+88
1.8759e+88

e A e T B T T I I e " s s S A A T o [ NN |

x-velocity
2.3940e-04
3.0801e-04
1.6271e-084
6. 8608e- 085
6.0862%e- 65
6. A636e- B5
6. 863%e- 65
6.0628e- A5
6.0637e- 05
6. 862 Be- BS
6.0627e- 05
¥-velocity
6. A642e- A5
6.0627e- 05
6.A633e- 65
6.0632e- 05
6.08636e- 85
6.08625e-085
6.08637e-05
6. 08636e- 85
6. B644e- A5
6.0863%e-05
6.08631e-085
x-velocity
6. 8635e- 65
6. 8633e- 65
6.08638e- 65

y-velocity
4.2817e-83
3.8247e-83
3.8241e-83
2.8958e-83
2.8950e-083
2.8950e-083
2.8950e-083
2.8950e-03
2.8950e-83
2.8950e-83
2.8950e-83
y-velocity
2.8950e-83
2.8958e-083
2.8958e-083
2.8958e-083
2.8958e-83
2.8950e-083
2.8950e-083
2.8950e-083
2.8950e-083
2.8950e-083
2.8958e-083
y-velocity
2.8950e-083
2.8950e-083
2.8950e-083

energy
1.7491e-085
8.9088e-06
L.5600e-0B6
5.5318e-08
2.4148e-08
2._.8806e-088
2.47472e-08
2.4204e-08
2.7697e-08
2.5786e-08
2.6415e-08

energy
2.5785e-08
2.4980e-08
2.5725e-088
2.4837e-08
2._8518e-088
2.6510e-08
2.7261e-08
2.5510e-08
2_GLL2e-08
2.6662e-08
2.6715e-08

energy
2.7527e-08
2.6826e-088
2.7895e-088

time/iter
ga:68 480
g8:23 460
g0:18 440
g8:13 428
g8:18 408
ga:12 388
g8:892 368
ga:87 3un
ga:g5s 328
ga:87 360
ga:gs 280
time/iter
ga:g4 260
g8:83 Zunp
ga:g4 228
g8:83 2069
g@:82 188
ga:e82 160
g8:683 148
ga:e2 126
g@:61 106
aa:m 30
ga:m ]}
time/iter
aa:m ha
g8:68 28
g8:68 a

37

> Residual Plot
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FLUENT [0] Fluent Inc

Residuals
—continuity
X-velocity
—y-velocity

50 100 150 200 250 300 350 400 450 500
lterations

Scaled Residuals Qct 02, 2003
FLUENT 6.0 (2d, segregated, lam)

Step 14: Displaying Results Using Contours

» Selecting the Contours

The required contours are selected from the contour form
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| %]

Options Contours Of

¥ Filled “Jelucity... j
¥ Mode ¥alues - -

¥ Global Range “-’elomty Magnitude j
¥ Auto Range

-

V¥ Draw Profiles | |

" Draw Grid Surfaces z| =
L s § default-interior

evels setup pressure-outlet-3

za =M1 = velocity_inlet.9

:I :‘ wall.7

Surface Name Pattern [y;311.8

Surface Types HE!
axis
Match clip-surf
exhaust-fan

fan hd

Display| Compute| Close Help |

a) Velocity Contours

FLUENT [0] Fluent Inc

1.49e+00
1.34e+00
1.19e+00
1.04e+00
8.91e-01

7.43e-01

5.94e-01

4.46e-01

2.97e-01

1.49e-01

0.00e+00

Profiles of Velocity Magnitude (m/s) Oct 02, 2003
FLUENT 6.0 (2d, segregated, lam)
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b) Temperature Contours

FLUENT [0] Fluent Inc

6.00e+02
5.70e+02
5.40e+02
5.10e+02
4.80e+02
4.50e+02
4.20e+02
3.90e+02
3.60e+02
3.30e+02

3.00e+02

Profiles of Static Temperature (k) Oct 02, 2003
FLUENT 6.0 (2d, segregated, lam)

¢) Pressure Contours
EJFLUENT [0] Fluent Inc

1.01e+05
.01e+05
.01e+05
.01e+05
.01e+05
.01e+05
.01e+05
.01e+05
.01e+05
.01e+05

.01e+05

Profiles of Total Pressure (pascal) Oct 02, 2003
FLUENT 6.0 (2d, segregated, lam)




