FIDAP Tutorial 3: Curtain Coating

Introduction: The aim of this tutorial is to set up and solve a problem involving
curtain coating. There are a number of different industrial processes for covering a
substrate with a thin layer of coating material such as the manufacturing of photographic
film. Three of the common methods include curtain coating, slot coating and dide
coating. In curtain coating, the liquid freely falls over adistance beforeit is layered over
a moving substrate. Two of the advantages of curtain coating is that even very irregular
shaped substrates can be covered with a thin layer of liquid and coating can be achieved
at very high speeds. The flow in curtain coating can generally be divided into three
zones: sheet forming zone, curtain flow zone, and impingement zone (see Figure 3-1).
The impingement zone generally is the most important to understand because it
ultimately controls the entire process. Of primary importance are the free surface
thickness and the heel formation. These depend on the physical properties and the ratio
of the speed of the falling liquid to the speed of the moving substrate. Heel formation is
important to minimize in order to avoid the formation of eddies. Eddies may trap bubbles
and lead to uneven coating. They are also susceptible to flow instabilities. This tutorial
demonstrates how to model the impingement zone of the curtain coating application.

Dynamic Contact

—® Moving substrate

Figure 3-1: Curtain Coating
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Objective:
» Solve aproblem involving multiple free surfaces which arises in Curtain Coating
Applications.

Prer equisites: Thistutorial assumes that you have already completed FIDAP
Tutoria 1: Laminar Flow in a2-D Mixing Elbow.

For areview of Free Surface Simulationsin FIDAP, refer to
* FIDAP Tutorial Manual: Chapter 6,
* FIDAP Theory Manual: Chapter 9,
* Introductory FIDAP Lecture Notes: Lecture7

A one day Advanced Course in Free Surface Simulationsis also available. Dates are
available at www.fluent.com.

Files Needed for Tutorial 3:
These files can be downloaded from www.fluent.users.com/fidap8/training
» ccoat.FIPREP (Note: Thisfile was modified by removing the "/" preceding the
commands for DENSITY and VISCOSITY. This step will be unnecessary to do
in .FIPREP files created by GAMBIT versions 2.x and later.)
e ccoat.FDNEUT
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Problem Description: An approximation to the final free surface shape is shown
schematically below in Figure 3-2. Cgs units are used and the units of length are given in
cm. The curtain thickness is .06 cm and falls from .48 cm above the moving substrate.
In this example the speed of the faling liquid curtain at the "inlet" and the moving
substrate "dlip" are equal. Conservation of mass requires that the flow rate at the "inlet"
and "outlet" match. A plug flow velocity profile (UY=-200 cm/s) is prescribed at the
"inlet". There are two free surfaces. The left free surface is "Ifree" and results in a
dynamic contact line. Typically high stresses develop near the dynamic contact point
causing numerical oscillations which prevent convergence. A work around is to use the
Navier dip condition for a few of the nodes on the solid boundary nearest the dynamic
contact line. For this purpose the solid boundary needs to have the entity type SLIP. For
greater control of the mesh, the domain is divided into two faces (separated by the dashed
line in the figure below) and the corresponding two edges which comprise the right free
surface are "rfreel” and "rfree2". In this case, we first compute the Reynolds number
which isaratio of inertial and viscous forces. At the "outlet” the Reynolds number (Re=
1.25* 200 * .06/5.27) is 2.85 which puts the flow in the laminar regime.
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Figure 3-2: Mesh Plot
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STEP 1: Start up FIDAP

Start up FIDAP in the GUI mode using the identifier: ccoat

fidap —id ccoat —gui

Main Module Toolbar
FIDAP Command Toolbam® ]

STEP 2: Read inthe .FIPREP file

l) The commands for the preliminary problem description have been created by the
mesh generator (GAMBIT) and are contained in the file ccoat.FIPREP (see
Appendix A). You will save a few steps by reading in thisfile. Select the
READFILE option on the FIDAP Command Toolbar near the top center of the
FIDAP screen (DANOT click FIPREP on the Main Module Toolbar). The
READFILE Command form is shown below.

READFILE Command
FILENAME = || FILE

PROCESSING PROMPTING
_)INTERACTIVE | _JECHO |

(® HOINTERACTIVE| (% NOECHO |

2)  Click FILE on the READFILE Command form. The Select Read File Form
appears. Highlight the file: ccoat.FIPREP and click ACCEPT at the bottom of the
Select Read File form. Click ACCEPT at the bottom of the READFILE
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Command Form. After successfully processing thisfile, the following message
will appear in the Command History Window:

*HRxExE SOLV | NPUT DATA SUCCESSFULLY CREATED

STEP 3: Enter the FI-BC module

1) Click FI-BC on the Main Module Toolbar. The entity names (defined in
GAMBIT) and group numbers are displayed in the graphics window. For
example, theentity "inlet" isaso Group 3 (G3) and it islocated near the top left
of the graphics window. There are two distinct free surfaces. Theleft free
surfaceis"Ifree". Theright free surface is composed to two different entities:
"rfreel” and "rfree2". Thefluid entersat "inlet" (top) and exits at "outlet” (right).
The horizontal edgeis"dip". The continuum entity is "fluid".

The FI-BC Command Toolbar is shown below.

| Bsrersrics I Dipwap [ HCsadee g H Comaare LWk Bty |

2) Click Set Display on the FI-BC menu toolbar. The SET DISPLAY OPTIONS
Command Form is shown below.
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3)

SET DISPLAY OPTIONS
M ENTITY:

& All | o List |
#1870, I:
® Continuum | ¥ Boundary |
¥ Disp Entity | ¥ Disp Label |
i Frame | _) SubDiv | _simi |

Entity Color
¥ GROUP:
~ Al | o List |
ot T [E

® Continuum | ¥ Boundary |
¥ Disp Group | ¥ Disp Label |
i# Frame | i SubDiv | _ siei |

¥ NODE:
Al | & comer | _iList |
IR TY T T |t

® Continuum | ¥ Boundary |
¥ Disp Mode | ¥ Disp Label |

OVERLAY CLEAR RESET

Notice that the form is divided into three sections; ENTITY, GROUP and NODE.
Click off Disp Label in section 1: ENTITY. Click off GROUP. The updated SET

DISPLAY OPTIONS Command Form is shown below.

© Fluent Inc., April 11, 2001
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4)

SET DISPLAY OPTIONS
M ENTITY:

~ Al | 1 List |
R [t

¥ Continuum | ¥ Boundary |
¥ Disp Entity | - Disp Label |
@ Frame | _ SubDiv | i shex |

Entity Color
_| GROUP:
R g S |
gt g I;
R oontimesn | ® Bassi |
W fon Cesar | W fsn Labe |

F Frame | O Subbee | Ooshe |

& NODE:
Al | & Comer | oList |
TR/ }
® Continuum | ¥ Boundary |
¥ Disp Hode | Disp Lahel |

OVERLAY CLEAR RESET

Click CLEAR at the bottom of the SET DISPLAY OPTIONS Command form.
The edges and vertex node numbers are displayed in the graphics window. The
corner node numbersare 1, 2, 27, 28 and 14. These node numberswill be used in
Sep 15#11 - #12 in order to define a physically correct normal at these corner
points. If you created your own mesh, the node numbers will most likely differ
from the ones shown below.
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5) It isalso necessary to free the horizontal velocity component of the 3 closest
nodes to node 14 that lie on the entity "dlip". This step allowsthe user to
determine those node numbers. Click off ENTITY. Click ALL in section 3:
NODE. The updated form is shown below.

_| CHTITY:
my | & Bius |
d A | s
I {asEtiviiinEic |l Blasai teg |
O Fhew ety | O fHan labo |

F pewvme | O Subidv | O St |

_| GROUP:
1 # | ® iisi |
et H
O fontewen | R Downiaey |
O iEwn Gras | O Disp babed |

@ frmme |0 SubBiv |0 St |

M MODE:
i Al | i comer | —ust |
prd pEroar, H
= Continuun |l Boundary |
® Iisp Mode | & Disp Label |

OVERLAY CLEAR RESET

6) Click CLEAR at the bottom of the form. All of the node numbers are displayed.
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Zoom into the region next to node 14 by moving the cursor to the region just
below and to the left of node 14. Pressthe C key, depress the left mouse button
and drag a small rectangle around the 3 nodes just to the right of node 14.
Release the left mouse button.

7) The 3 nodes just to the right of node 14 are now easily visible as shown below.
They are node numbers: 156, 136 and 155.

61| 7

22

8) Click END on the FIDAP toolbar to end out of the FI-BC module.
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STEP 4: Enter the FIPREP module

© Fluent Inc., April 11, 2001

Click FIPREP on the Main Module Toolbar. The FIPREP Command Toolbar is
shown below.

() Simulation (i Boundary C. || Body Force || Entity i Mesh Data | | Radiation (1 Two-Phase

:"_' Time Function :"_' Initial C. :"_' Source :"_' Properties :"_' Elements :"_' Al

At this stage, the only information in the FIDAP database has been provided by
GAMBIT fromthe .FIPREP file (see APPENDIX A). The .FIPREP file created by
GAMBIT assumes certain basic commands and they may or may not be
appropriate. In this example, the problem statement assumes that no free
surfaces are present and the physical properties (density and viscosity) are both
equal to one. Clearly, thesetwo commands need to be changed. Table 3-1
describes which FIDAP commands need to be modified.

Table 3-1: Commandsthat need to be M odified

Command Current FIDAP FIDAP commands which need
database modification

1. PROBLEM 2-D, LAMINAR, Change FIXED to FREE
ISOTHERMAL,
NONLINEAR, FIXED

2. DENSITY CONSTANT =1 CONSTANT =1.25

3. VISCOSITY CONSTANT =1 CONSTANT =5.27

4. ENTITY Only NAME and TYPE | SURFACE types need information on
for boundary entities free surface movement.

SLIP type needs PROPERTY set.

In the .FIPREP file there are NO commands for the solver type, pressure
algorithm, boundary or initial conditions. IF NONE ARE ADDED BY THE
USER, FIDAPWILL USE THE DEFAULT VALUESWHICH MAY OR MAY
NOT BE APPROPRIATE. Table 3-2 describes which FIDAP commands need to
be added.
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Table 3-2: Commandsthat need to be Added

No Command

Current FIDAP
database (contains
FIDAP default)

FIDAP commands
needing to be added

1. Surface Tension

SURFACETENSION =0

SURFACETENSION =30

2. Solver

SS. =10

SEGREGATED

3. Pressure

Penalty
(when solver isS.S.)

MIXED and
DISCONTINUQOS

(when solver isS.S.)

4. BoundaryConditions | Zero normal stress Boundary conditions needed
5. Initial Conditions All D.O.F. = Zero uUY =-200

6. Scale Vaue=1 Vaue=.06

7. Relaxation No relaxation: ACCF =0 | Hybrid with user defined

values

It isimportant to note that the defaults for pressure and relaxation are different

for the SS and the SEGREGATED solver. Table 3-2 lists the default for the SS
solver: Penalty method for pressure and No relaxation. If the solver is changed

to SEGREGATED, the defaults change: Mixed Discontinuous for pressure and

Hybrid Relaxation.

© Fluent Inc., April 11, 2001
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STEP 5: Definethe PROBLEM Command

1) Click Simulation on the FIPREP Toolbar. The SIMULATION Toolbar is shown
below.

WULATTO
CLIPPING
COMPRESSIBLE
DATAPRINT
EDDYVISCOSITY
EHDMODELING
EXECUTION
EXTRAPOLATE
FILLING
GRAVITY
INCREMENTAL
ITERATION
JACOBI
OPTIONS
POSTPROCESS
PRESSURE €——
PRINTOUT
PROBLEM €—
RADIATION
REFORMATION
RELAXATION
REMESHOPTIONS
RENUMEER
ROTATING
SOLUTION
STRATEGY
STRUCTURALOPTIONS
TIMEINTEGRATION
TRANSLATION
TURBOPTIONS
TWOPHASE
UPWINDING
VARIANCEOPTIONS

Of the SMULATION commands listed above, the following four commands will

either need to be modified (if they already exist in the FIDAP database) or they

will need to be added ( if they do not exist in the FIDAP database):

a) PROBLEM (modify by changing fixed to free),

b) SOLUTION (add the segregated solver instead of using the default S.S.
solver),

¢) PRESSURE (add: optional step since by changing the solver from SS. to
SEGREGATED, FIDAP will automatically change the default PRESSURE
formulation to MIXED DISCONTINUOUYS)

d) RELAXATION (add and specify relaxation values for all degrees of freedom)
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2)

3)

Click PROBLEM on the Simulation Toolbar. The PROBLEM Command Form
is shown below.

o SR Cammass]

o OEOHETRY TYPE E-D o
W P s necomrmrssmL
W SEELATION TV HrEATE it ]
W rLDe TR LAkaiaE a
o CONELCITVE TER [T ] o
o Fumib TV hrEwTn o
W SORTHTEH [0, i M o
B TEMFERATUAE DEFENDERCE 1S0THERUAL \ [
W SeHFALT THFE reEn

W STRUCTURE SOLVER HOEIHLE TR

W ELESTINTY NEMESHNG [ hosisibskies
LN O AT LTHTE T T |

RO TILE Tapamirsy Faeymrs

. EPECIER EPENBENLE
P00 ] eI TS ] (b |

Note that not all of these options agree with those givenin Table 3-1. The GUI
shows that the CONVECTIVE TERM isLINEAR. An additional step isrequired
to update the GUI to show the contents of the current database.

Click SELECT at the bottom of the PROBLEM Command and choose
ALLENTRIES. The updated PROBLEM Command is shown below.

Tl R Lol
BEFILATHS TP
| W i T LI
| W COHINLCTIE TE woimiws

FLEVE TN
HORiEHTdE PO
| TERFT AT L BEPTRDEONCE § 30Tk Aual.
AERIAGE TV
ATRECTURAE. SOUTH
ELASTROTY FRERIE S
HwEd bR OF Pk a

[

|
HFEURE PEFEEIE R

| 5
| Ewm [h

| N R

The form now shows the CONVECTIVE TERM to be NONLINEAR. All of
these options are consistent with those shown in Table 3-1.
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The SURFACE TYPE is not selected, which means that the default: FIXED
simulation is active.

4) Inthe PROBLEM Command form, click SURFACE TY PE and right click the!
which appearsto the right of FIXED. Change the keyword to FREE. The updated
form is shown below:

J{FHOHLER Conwrrsnd

':rqqﬂirlmm_ B-b I
LA AR GEEE
HMULATIE TeTE

| | FLOW TP AL

'Ermnrl't e (TR i
FLIED T5FE

| - MOMENTYE EOH

| | TEWFERATLRE GEFERDERCE T e u
| | @ yumpary reer FEEE i
ATHECTURA. SOL¥IR
| - ELAITHATY ML D
| misiEEA OF PRl s
[ECAPECIES Pl Pyl |
SMOL S DD
| A5 | SRRAIL T ] L1RAR |
MMy

W ADD | nEFUACE | OELERD | SUAECT | DIPAILTS | CARCEL |

5) Click REPLACE at the bottom of the PROBLEM Command Form. If you click
ADD, therewilll betwo PROBLEM commandsin the database. The last
PROBLEM command will overwrite the previous one. Thisisnot incorrect, it
means there will be extralinesin the .FIJOUR file.

6) Confirm the change was made correctly by checking the FIDAP Command
History Window.

PROBLEM{ SELECT, ALLENTRIES, 2-D, INCOMPRESSIBLE, STEADY, LAMINAR, LINEAR,
NEWTONIAN, MOMENTUM, ISOTHERMAL, FIXED, NOSTRUCTURAL, NOREMESHING,

SINGL EPHASE )

{ 1) PROB (2-D, LAMI, NOML, ISOT)

- PROBLEM{ REPLACE, ENTRY=1, 2-D, LAMINAR, NOMLINEAR, ISOTHERMAL, FREE ) |
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STEP 6: Definethe Solver

The user must next decide on a solver. For free surface problems, there are two choices:
the Newton Solvers and the Segregated Solvers A further consideration must also be
given to the type of free surface update which determines how the nodes on the free
surface are to move. The two choices are Kinematic and Normal. The kinematic update
is generally preferred for problems in which the Capillary number >1 and the Normal
stress update is generally preferred when the Capillary number < 1. The Capillary
number is a ratio of viscous and surface tension forces (viscosity * velocity / surface
tension = 5.27 * 200/ 30 ) and is given by 35.13. Table 3-3 shows which updates are
available with each of the solvers.

Table 3-3: Choice of Free Surface Updates
For Newton and Segregated Solver

Newton Solver Segregated Solver

Kinematic (Ca>1) | Kinematic (Ca>1)

Normal Stress (Ca< 1)

For this problem, Ca >1 and therefore, the Kinematic approach is preferred. If the
problem was a large 2-D problem or a 3-D problem we would be forced to use the
Segregated Solver because of its lower memory requirement. However, this is a
relatively small 2-D problem, so that either solver could be used.

Another choice that needs to be made is the Remeshing Scheme which determines how
the nodes below the free surface move. There are three remeshing choices. Spines,
Mapped and Elastic. Even though the remeshing scheme is not specified until Step 14, it
is important to consider it in this step because not all the remeshing schemes are
available with both solvers. A general recommendation to use the Spines approach for
problems in which the mesh deformation is not large, otherwise either the Mapped or
Elastic approach is needed. Table 3-4 shows which remeshing schemes are available
with either solver.
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Table 3-4: Choice of Remeshing Schemes for Newton and Segregated Solver

Newton Solver

Segregated Solver

Spines (small mesh deformation)

Spines (small mesh deformation)

Mapped (moderate mesh deformation)

Elastic (very large deformation)

For this problem the mesh is expected to deform moderately, therefore the choice is the
mapped scheme which is only available with the segregated solver.

Thus, using the Capillary number and estimation of mesh deformation, the choices are:

the segregated solver and the mapped option for the free surface update.

The solver and free surface update are chosen in the SOLUTION command.

1) Click SOLUTION on the SIMULATION Command Form. The SOLUTION

Command Form is shown below.

SOOI Cammnasd

L UTION METHOR Ba m-he
A UTEn TINEERNLCE
FERIRUR] TTEERAHLE
G- N TN e
sk TRAL T A, BT
BT - L ey [

Sy T A LTI S ER R
nipe g5
VT . WL ]
L TR

B M AL R [ Tan} =
FEFGALNTIEH GFTIOH
1

£ A LGATER Bl G

PP BUTIVALE MEA

PEL - ATHMALY o
WOLCOHITRAR

HELT FECLOO TH=if ST0F
S UTEN [HAnGE
DAl PHE S T R
ETOT CHEEETRY BO0VER

TRy [

[ A0 | WEPLACE | DELETE ] SeEcT | Dermts | cocer S
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2) Right click onthe! to theright of S.S. and choose SEGREGATED. Change the
value of the keyword SEGREGATED from 10 to 100. Click SOLUTION
TOLERANCE and input the value .0001 (the default is.001) for the keyword
VELCONYV. Click FREE SURFACE ITER. and input avalue of 500 for the
keyword KINEMATIC. Click FREE SURFACE CONV. TOL and input avalue
of .001 (the default is.01) for the keyword SURFCONV. The updated
SOLUTION Command form is shown below.

J|=CH LIFE A Commans

|| ST s TEn SEOHEATEE [ - [
E W EOLUTION TOLERARCE VLI - | o]
|| rEsioes ToUEReE
i WER- AW, NTER, B THOE
|| - selETRC TR METHOD
[ Hom-mnd coweToL
|| TR Coi. Tod
LT e ] 1

| P O e PEECOED TN =@
W ELEERTION FACTEN ALLF =i

|
I WO DETHOH DAL T
|
1
1

R FOw AT 0 DF T s
LA CH

W EEIEESATED AL, rrrcutcTion ]
B FERE AUNEACE ITER EINFELLTIC n =
|| W PEEE S URFACE CONTY. TOL. | RUENCTHTE = | A

WILLONEIRANNI
|| vy PeEumg TRiEETER
| - scaumos ciamcs
| - mrewane ias wouenaic
[| - rwr comammmre savn

EHTRY |

| l"l'-' III SI'IIT- il-':1 3 I" m Il' :i'l Il II-“-"-".!

3) Click ADD at the bottom of the SOLUTION Command form.

4) Check the Command History Window to confirm the change was made correctly.

=

SOLUTION{ ADD, SEGREGATED=100, VELCONV=.0001, PRECOMDITION=21, ACCF=0..,
4 PPROJECTION, KINEMATIC=500, SURFCONY=.001 )

STEP 7: Definethe PRESSURE For mulation

1) Click PRESSURE on the SIMULATION Command Form. The PRESSURE

Command Form is shown below.

© Fluent Inc., April 11, 2001



FIDAP Tutoria 3: Curtain Coating

11

|| s ume AR PENALTY “ =1

| | e T DiscosmneeEE )

|

1 I e Lo o

| ELEBSET TV
PEHALTY LTI AP0
P ESUEE PPTHIL

P I URL pAz

iy, FRER W0, TR

2) Change the PRESSURE APPROXIMATION from PENALTY to MIXED. The
updated PRESSURE Command form is shown below.

QPRESSURE Cowonand |
;|I PREESURE APPROR [E) H- T

| |m mimcrETEATION L TERITTE T |

N SE] LA T e [epmmdey iyt |

FLFEEHT TV

FEHALTY HATHIL AFFRO
MR SAURE AP
FRISIURT @adlE

B IR ST, FTE.

ELC TN T

| Enmw |
: l 1I'l. Il-’ I'FT-' ' I-|"|: :il ’ I I"a: "r!h‘ Ilr'_- i!

Note that there is no value given for the keyword MIXED, thus the default (1.e-6)

will be used. This step is optional since the default pressure formulation is mixed,
discontinuous whenever the segregated solver is used.

3)  Click ADD at the bottom of the PRESSURE Command Form.

4) Check the Command History Window to confirm the change was made correctly.

—

PPROJECTION, KINEMATIC=500, SURFCONV=.001 } =
- PRESSURE{ ADD, MIXED, DISCONTINUOUS )

© Fluent Inc., April 11, 2001 3-18



FIDAP Tutoria 3: Curtain Coating

STEP 8: Definethe Relaxation Values

1) Since the SEGREGATED SOLVER has been chosen, the default relaxation
scheme isthe HYBRID type. The default values for each degree of freedom are
given in the FIPREP manual (.3 for velocity, .6 for pressure and .5 for free
surface). Inthisstep, the user will input a higher relaxation value (.975) for free
surface. Click RELAXATION on the Simulation Toolbar. The RELAXATION
Command Form is shown below.

[HELAl Camrgng |
(ML BN ERTERETR]

FLARATION ATV

SRR FALTOE

BAIATIIH FALTOR

WE Lin FPEETIGLE FACTON

TEMP.FYETIOLE FACTON

EPEC - PARTICLE FRCTON

ETHLCTHE TACTON

ERTEY ||

Al | HEFLACE | DELETE | m CDEFAULTE | CANCEL |

2) Click RELAXATION APPROACH and choose the HY BRID option. The
updated RELAXATION Command form is shown below.

[miLseanio Coroeged |
el L S i WL LB

W NELBSATION EPRDATH | ivaRE a
AUMIACE FaLToN

P T FralT OR
Wile- PRRTECLE FACTOR

TEMP. FARTICLE NACTOH
SFMC-FAATILD FRCTON
ATRCTWHE FALEOR
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3)

4)

© Fluent Inc., April 11, 2001

Click ADD at the bottom of the RELAXATION Command Form. The DATA
NEEDED button will appear at the top right of the GUI.

Y ou need to enter relaxation values for each of the degrees of freedom in the
order:
UX,UY,UZ P, Tand Free Surface

Move the cursor to the lower left wheat colored box and click in the box (or press
the F2 key). Input the following data and then hit the Enter key:
3.30.50.975

m.ajuju.ﬂﬁ

The DATA NEEDED button will not disappear because FIDAP is expecting 22
values. Because only 6 values were entered, the remaining relaxation values will
be given the default 0. Click onthe DATA NEEDED button to make it disappear.

Check the Command History Window to confirm the change was made correctly.

—

RELAXATION({ ADD, HYBRID }
4.2 .30.50 .97%
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STEP 9: Definethe Physical Properties

The stress-divergence form of the momentum equation and the three boundary conditions
are shown below. The user needs to input values for the properties. density (o), viscosity
(1) and surface tension ()), otherwise the default value 1 is used.

p[E% +ullu [H: —Op+0 Eﬁ,u(Du +Ou" )] <4 Stress Divergence Form of Momentum Equation

ulh =0 0.=-p +2) H 0, =t < Boundary Conditions
Kinematic Normal Stress Tangential Stress

In addition, the Navier Sip Condition is needed to alleviate the large local stresses near
the dynamic contact point. The user needs to specify the slip coefficient a.

o, :l(u -u®) @
a

Click Properties on the FIPREP Command Toolbar. The PROPERTIES Toolbar is shown
below.

PROPERTIES

CAPACITY
CONDUCTIVITY
DENSITY
DIFFUSIVITY
ELECTRICCOMDUCTIVITY
EMISSIVITY
EXTINCTFACTOR
FAN
HTRANSFER
LATENTHEAT
LIQUIDUS
MOBILITY
MOLECULARWEIGHTS
PERMEABILITY
POISSONCOEFFICIENT
REACTION
ROUGHHESS
SEGREGATIONCOEFFICIEN
SLIPCOEFFICIENT
SPECIFICHEAT
SPRINGCOEFFICIENT
SPTRANSFER
SURFACETENSION ———
THERMODIFFUSION
VAPORPRESSURE
VISCOSITY 44—
YOLUMEXPANSION
YOUNGMODULUS
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STEP 10: Definethe DENSITY

1)

2)

Click DENSITY on the PROPERTIES Toolbar. The DENSITY Command Form
is shown below.

I- I 5T EE R =T =i (7 ]
W MR P EIEETANT “ n

Fopscrie weas el b =ian

e R RS GaS Dol

FIMAATERE BEFT

T

W RFECEE BE YRR DY L e ]

[ 786 | BCTHETE | OERT |

ey [
ﬂuummwu

Click SELECT at the bottom of the DENSITY Command Form and choose
ALLENTRIES. The updated DENSITY Command form is shown below. Itis
important to note this requires that the DENS TY command in the .FIPREP file be
uncommented. Thisisautomatically donein GAMBIT versions 2.0 and later. If
an earlier version of GAMBIT was used to create the geometry, the DENSTY
command must be uncommented by the user. The same istrue for the VISCOSTY
command. Thiswas done if you used the file provided with this tutorial (Seethe
comment at the bottom of page 2: Files Needed for Tutorial 3).

IR 3 EEEH ‘=T u | Ml B
- LG T =T m-eE
B g S5 S el il sdig

T RS GAR DD ATANT
TEMPAETET 3P

R T i 1

SPEDES BT RO

R il .8
"l-u- _ |
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3)

4)
5)

Change the value of the keyword CONSTANT = 1to CONSTANT = 1.25.
The updated DENSITY Command is shown below.

| | 0L SET SUSECR N o
| | 0L TEPE (R - E |
IHRL S0 PR Bl

UNFR® 5 0 A TANT

TE HPE A LHE [TEP |

R T T T

UL LR AR

[ A | BEFALLTS ] CLLSR |

EWTRY "B A
[ a0k | REPLACE | DELETE | m DEFALLTS | CARZEL |

Click REPLACE at the bottom of the DENSITY Command Form.

Check the Command History Window to confirm the change was made correctly.

—

DENS {SET = "flwid", CONS = 1.0}

| DENSITY{ REPLACE, ENTRY="flwid", SET="fluid", CONSTANT= 1.25 }
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STEP 11: Definethe VISCOSITY

1)

2)

Click VISCOSITY on the PROPERTIES Toolbar. The VISCOSITY Command

Form is shown below.

o WODEL ST T - @ (1]
- U T W LR -

AL e

S LIS - LA L e

Fakinii ol seiidi

FERENL T OFTWE

ELLE ALY

FERRNE T GLOYY

FUISEE A HA TUEE

LGP TE P AR

BLLEY PPV E

Y || 7] |

Click SELECT at the bottom of the VISCOSITY Command Form and choose
ALLENTRIES. The updated VISCOSITY Command form is shown below.

| W SO ST TR E17] M (1]
| LT e -1

BIDETL DTG T

AECoaD- GROEEsEdEL TvPE

TUEHEI AL BN

TUEILIACE 1P

CILER e L

Tuksraiial OF Lar

A B TEEFEAAT U

LIS & FLWF] R TUNE

O LI FORTE

[T dal 1 | cabich |
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3)  Changethevalue of the keyword CONSTANT = 1to CONSTANT = 5.27.
The updated VISCOSITY Command is shown below.

LR TR B T [ 1]
W unDEL e OO ST [ BT

AR TRLAT IR Tl

SECONE- OFIER ML FerE

TUMBMERCT MOSEL

FLHELHFNLE SZIFFRII

BLHE sy

FUREULERE DECRY

BOLDEE TEHPTRATUNE

UTIARATE PEMPERATENE

TR POWER

4)  Click REPLACE at the bottom of the VISCOSITY Command Form.

5) Check the Command History Window to confirm the change was made correctly.

FIDAP Command History

VISC (SET = "flmid"., CONS = 1.0)
VISCOSITY{ REPLACE, ENTRY="flwid", SET="flmid", CONSTANT= 5.27 )

© Fluent Inc., April 11, 2001 3-25



FIDAP Tutoria 3: Curtain Coating

STEP 12: Definethe SURFACE TENSION

1) Click SURFACETENSION on the PROPERTIES Toolbar. The
SURFACETENSION Command Form is shown below.

oubracE bSO Copmaed |
W ML ST R =1 = 7]
W WG TVE o ian -
AL R
TLANT PHERSIEE
CPUTSTTY LAt T
W LT OF SInTY

T AMLE OF QRIS
aEHANY

EHIIF EE

2) Click SELECT at the bottom of the SURFACETENSION Command Form and
choose ALLENTRIES. Note the warning message in the FIDAP Command
History Window:

—

SURFACETENSTON{ SELECT, ALLENTRIES, SET=1. CONSTANT )}
**%k (1422} UNABLE TO SELECT "SURFACETENSION" (ALLENTRIES) -
E " SURFAGCETENSTION" NOT FOUND

Thiswarning error occurs because there are no SURFACETENS ON Commands
present in the current database.

3) Change the MODEL SET NUMBER from SET = 1 to SET = fluid. Y ou do not
need to typein the quotes. Input avalue of 30 for the keyword CONSTANT.
The updated form is shown below.
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4)
5)

1)

STEP 13: Definethe SLIPCOEFFICIENT
Click SLIPCOEFFICIENT on the PROPERTIES Toolbar. The
SLIPCOEFFICIENT Command Form is shown below.
P GE O Cornnea ]
i--unw|m1lu-l e « (1 [E]
iy | M=
1 - “
Iml.-.ll—n.d" i IEF 8 l:‘.i..‘alJ
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Click ADD at the bottom of the SURFACETENSION Command Form.

Check the FIDAP History Window to confirm the change was made correctly.

—

"SURFACETENSTON" NOT FOUND

*kx (14223 UNABLE TO SELECT "SURFACETENSION" {ALLENTRIES) -

4 SURFACETENSION{ ADD, SET="fluid", CONSTANT=30 }
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2) Changethe MODEL SET NUMBER: SET = 1to SET =dlip. Input avalue of .01

for the keyword CONSTANT. Click TANGENTIAL VELOCITY and input a
value of 200 for the keyword UT. The updated form is shown below.

HoiPcobrHCen) Commmarnd |
|| L ST R ar = [Fuigr (1]
; W MG TV Nanga i B
W TARGEMTIAL WELGETY T BES
LT

CRITEAL HPREER
_EILHE L

| EHTRY

| t"'-'-.l TR l I OEL i ] l E_I'I"_-"ulu 7 :'-I'I.'I'I "-l" "-:'-.

3)  Click ADD at the bottom of the SLIPCOEFFICIENT Command Form.

4) Check the FIDAP History Window to confirm the change was made correctly.

"SURFAGETENSION" NOT FOUND
SURFACETENSION{ ADD, SET="fluid', CONSTANT=30 )
4 SLIPCOEFFICIENT({ ADD, SET="slip", CONSTANT=.01, UT=200 )
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STEP 14: Modify the ENTITY Commands

Several modifications need to be made to the ENTITY Commands for the SURFACE and
SLIP types. The user needs to decide how the nodes on and below the SURFACE
entities: "lfree", "rfreel” and "rfree2" areto move. The user also needs to determine the
Sip Coefficient for the entity "dlip".

It has already been decided that the remeshing scheme is the mapped option, which is
determined on the ENTITY command under the option SPINE GENERATION.

The user additionally needs to decide
* how many nodes below the free surface are allowed to move
* how the nodes on the free surface are to move
» the contact angle at the end points of all SURFACE entity types if the endpoints
arenot fixed (UX=UY=0).

Secifying the DEPTH keyword determines how many nodes are allowed to move. The
value is either

e 0 (maximum depth)

e -1 (no spines are created)

» positive number (specifies the depth including the node on the free surface).

For the mapped approach the choices for determining how the nodes on the free surface
move are

* NORMAL (default)

* PREFERRED
If the PREFERRED option is chosen the direction is specified by the values of the
keywords PREFERRED DIRECTION -X, -Y and -Z.

The contact angle is chosen by specifying the angle the outward tangent of the free
surface makes with the positive x- axis. Itis only needed for nodes 14 and 27. (All of
the other endpoints: nodes 1, 2, 28 are fixed. (Refer to the diagram shown in Step 3 #4
for the node numbers). For 2-D problems there are two options for specifying the
contact angle.

* Usethe ANG1 or ANG2 keyword on the ENTITY command.

* Use the BCNODE command, specify the DEGREE OF FREEDOM to be
CONTACTANGLE and specify the NODE NUMBER at which the contact angle is
being prescribed.

In this tutorial we will use the first option to specify the contact angle at node 27 (Step 14
#8) and the second option to specify the contact angle at node 14 (Sep 15, #15). An
advantage of using the first option is that since the node number is not required, it would
be the preferred choice if the geometry needs to be remeshed (which would change the
node numbering). A summary of the correct modifications to the entity commands is
givenin Table 3-5.
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Table 3-5: Modification For FREE Entity Types

ENTITY | SPINE DEPTH | SURFACE Contact Contact
GENER- DEFORMATION Anglel Angle 2
ATION
"Ifree" MAPPED |0 PREFERRED, Not required | Use BCNODE
X=1 (Node=1) | (Node= 14)
"rfreel” MAPPED | -1 NORMAL (default) | Not required | Not required
(Node=15) | (Node=2)
"rfree2" MAPPED |0 NORMAL (default) | ANG1=0 Not required
(Node=27) | (Node = 15)

1) Click Entity on the FIPREP Toolbar. The ENTITY Command Form is shown

below.
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SRR . kL

| PERCTERE TR L
EETASTATY ML
FEAT TRAE TR [TEF
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Fai Al TEme i i,
FEEFCT TEHRON WOREL
LD BE ST WL
FLUT B ERAITY REEEL
Sl O PRl i
PRIV COPE T SR |
FEOas SR ERal
POETHE SRR TTATY

=11 [T 1
o

| - A CEEF. FRRRARLITY
M ECTEF . PR AT

THE s i 5k wiin
| | s B RpETaEY
LGRS | i
| EEmEE s
12 = p——

FrAY |

P T RET At TUTITIE ] GELECy JTRTaenTS | Cnre

2)

Click SELECT and choose ALLENTRIES
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. The updated form is shown below.
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The FIDAP Command History Window listsall of the ENTITY commandsin the
current database. Only the commands for the last four entities. "dlip", "Ifree",
"rfreel" and "rfree2" need to be modified.

|

ENTI (NAME
ENTI (NAME

"slip",

"1free",
"rfreel", SURF]}
"rfreel", SURF)

3) To modify the entity "Ifree": Click the ? at the bottom of the form and choose
"Ifree". The updated form is shown below.
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4)  Usethevertical slider bar in the Command Form and scroll down one third of the
way until you see the FREE SURFACE DEPTH. Click FREE SURFACE
DEPTH and input avalue of O for the keyword DEPTH. Click PREFERRED
DIRECTION -X and input avalue of 1 for the keyword X. Click SPINE
GENERATION and choose the MAPPED option. The updated form is shown
below.
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AR LEHETH
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AR AT [y a
HIRPACY DR TS
T SRR
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5) Move the cursor into the grey area, right click and choose REPLA CE(REPEAT).
Confirm the change was made correctly by checking the FIDAP Command
History Window.
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6)

7)

8)

© Fluent Inc., April 11, 2001

To modify the entity "rfreel": Click the ? at the bottom of the form and choose
"rfreel". Use the vertical dider bar in the Command Form and scroll down until
you see the FREE SURFACE DEPTH. Click FREE SURFACE DEPTH and
input avalue of -1 for the keyword DEPTH. The value -1 (no spine generation) is
used here because the maximum depth has already been specified for "lfree".
Click SPINE GENERATION and choose the MAPPED option. The updated form
is shown below.
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FRCE FISTACE OFTe0E
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W G GlhEl T AP [¥]
T T OO L T
CLFTET SIFACE
T i
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G SeE LEe
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| rrmy [Frieen” EE
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Move the cursor into the grey area, right click and choose REPLA CE(REPEAT).
Confirm the change was made correctly by checking the FIDAP Command
History Window.

To modify the entity "rfree2": Click the ? at the bottom of the form and choose
"rfree2". Use the vertical dider bar in the Command Form and scroll down until
you see the FREE SURFACE DEPTH. Click FREE SURFACE DEPTH and
input avalue of O for the keyword DEPTH. Click SPINE GENERATION and
choose the MAPPED option. Click CONTACT ANGLE 1 and retain the default
value zero for the keyword ANG1. The updated form is shown below.
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9) Move the cursor into the grey area, right click and choose REPLA CE(REPEAT).

Confirm the change was made correctly by checking the FIDAP Command

History Window.

10) InSep 13, the SLIPCOEFFICIENT was defined with the SET = "dlip". The

proper association with the corresponding entity must be performed. Recall that
the SET on the SLIPCOEFFICIENT command must match the PROPERTY on the

ENTITY command. To modify the entity "slip": Click the ? at the bottom of the
form and choose "dlip". Click PROPERTY TY PE and click the ? to the right of
"fluid" to select dlip. The updated form is shown below.

HEAT TRANRITH CTRF,
SASF ERT TR R BET.
AEEFATE TEHENIE ST L
AOL I BT Wi
FLUNG BRI WO
AL COEFTIOE BT S
FIREE APRIITY U
PP ST AT
ST COHRI TTETTY

A CEET. PR ALY

H TP . PR UTAR ETE
THEF ST S 4 MO0
EHEIOLAE STEIHTE

-----------------
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11) Click REPLACE at the bottom of the form. Confirm the change was made
correctly by checking the FIDAP Command History Window.

STEP 15: Define the Boundary Conditions

1)

2)

Click Boundary C. on the FIPREP Command Toolbar. The BOUNDARY C.

Toolbar is shown below.

BOUMDARY C.

BCFLUX
BCHODE
BCPERIODIC
BCSYSTEM

Click BCNODE on the BOUNDARY C. Toolbar. The BCNODE Command

Form is shown below.

W oiErEE O RO L [ 1]
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W CNAEE GERFREMTE RV LT B -
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R COIRSGE NT
OTHETA SO WPFTIENT
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7

LAl | WEMACE | DELES .m L DETRIRT i:.'-'"--!

Table 3-6 describes the boundary conditions to be applied for the velocity degrees
of freedom. Recall that the specific node numbers (needed for boundary
conditions #6-#9) were determined in the FI-BC module in Step 3. It isimportant
that boundary conditions #6-#9 are applied after boundary condition #1. The
reason is that the tangential velocity at the dynamic contact point and the next
closest nodes be free so that the Navier slip boundary condition will be applied at
those nodes. If the order is reversed then the boundary condition #1 will
overwrite boundary conditions #6-#9 and it is likely that convergence will not be

achieved.
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3)

Table 3-6 Boundary Conditionsfor Velocity Components

B.C.# | REGION SELECTION D.O.F. |VALUE
1 ENTITY ="dip" uT 200

2 ENTITY ="dip" UN ZERO
3 ENTITY ="inlet" UXx ZERO
4 ENTITY ="inlet" Uy -200

5 ENTITY ="outlet" uy ZERO
6 NODE = 14 UXx FREE

7 NODE = 156 UXx FREE

8 NODE = 136 UXx FREE

9 NODE = 155 UXx FREE

© Fluent Inc., April 11, 2001

Although the node numbers can be determined in FI-BC (or GAMBIT or
FIPOST), this approach may become awkward if the geometry needs to be
remeshed and the node numbers change. Note that the number of nodes to which
the Navier dip condition is applied is generally 3-5. This method has the
flexibility that the user can easily add (or delete) more boundary conditions of the
type #9 after determining the correct node numbersif convergenceis a problem.

A different approach would be to split the edge "dlip" into two edges. "dip-1"
and "dlip-2". This is done in GAMBIT. The Navier dip condition would be
applied to the entity containing the dynamic contact point: "dlip-1". The
boundary condition UT=200 would be applied to "dip-2". If convergence is a
problem, the user would need to go back to GAMBIT to change the length of the
entities.

For Boundary Condition #1: Change the DEGREE OF FREEDOM from UX to
UT. (For SLIP type entities, UT isan aliasfor UX). The convention used in
FIDAP isthat the tangential direction is counter clockwise from the normal
direction. (Seethe FIPREP manual, Chapter 7.4, (3) for more details.) Sincethe
normal isin the - y direction, the tangentia direction isin the + x direction.
Change the REGION SELECTION keyword from NODESto ENTITY. Click
on the ?to theright of ENTITY and choose dlip. Input avalue of 200 for the
keyword CONSTANT. The updated BCNODE Command form is shown below.
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4)

5)
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Right click in the grey areain the BCNODE Command form and select
ADD(REPEAT). Confirm the change was made correctly by checking the
FIDAP Command History Window.

For Boundary Condition #2: Change the DEGREE OF FREEDOM keyword from
UT to UN. (For SLIP entities, UN isan aliasfor UY). Change the value of the
VALUE GENERATION keyword from CONSTANT to ZERO. The updated
BCNODE Command form is shown below.

W G 0 PR e (] [1]
B0 SELE CThis FHTITY - . [¥]
W R ERATIOH S [ 1]
sl FUHCTIOH CLPRT
TR FLBEC 11D B 0
ORI EEARAT ST B
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TR T TLEG
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6)  Right click in the grey areain the BCNODE Command form and select
ADD(REPEAT). Confirm the change was made correctly by checking the
FIDAP Command History Window.

7) Continue to apply boundary conditions #3, #4, #5 described in Table 3-6.

8) Right click in the grey areain the BCNODE Command form and select
ADD(REPEAT). Confirm the change was made correctly by checking the FIDAP
Command History Window.

9) For Boundary Condition #6: Change the DEGREE OF FREEDOM to UX.
Change the REGION SELECTION to NODES. Input avalue of 14 for keyword
NODES. Changethe VALUE GENERATION TO FREE. The updated
BCNODE Command form is shown below.

HCMOUE Commanne |
W o eHEE O FHR R R [ ] “
® RECA0E SELECTEH [TTEE] i -H
L LTRSS T T ] THEE u
T FURCTION OO
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EHIFY ||

MDD | NEPUACE | OELEAE | SELEET || LEFALLTE | CARCEL |

10) Right click in the grey areain the BCNODE Command form and select
ADD(REPEAT). Confirm the change was made correctly by checking the
FIDAP Command History Window. Repeat this procedure for boundary
conditions #7, #8 and #9 described in Table 3-6.

11) FIDAP does not compute a physically correct normal direction at the corner
nodes in the model. For further details, please refer to the FIPREP manual,
Chapter 7.4, (2) for an explanation on how to apply physically correct normals
using the COORDINATE degree of freedom and specifying the node number.
Table 3-7 shows the Boundary Conditions for the COORDINATE DEGREE OF
FREEDOM.
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Table 3-7: Boundary Conditionsfor
DEGREE OF FREEDOM = COORDINATE

B.C. # REGION SELECTION D.O.F.

10 NODE =1 COORDINATE
11 NODE = 2 COORDINATE
12 NODE = 14 COORDINATE
13 NODE = 27 COORDINATE
14 NODE = 28 COORDINATE

For Boundary Condition #10: Change the DEGREE OF FREEDOM to

COORDINATE. Input avalue of 1 for the keyword NODES. Click off VALUE
GENERATION. The updated form is shown below.
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12) Right click in the grey areain the BCNODE Command form and select
ADD(REPEAT). Confirm the change was made correctly by checking the FIDAP
Command History Window. Repeat this procedure for boundary conditions #11,
#12, #13 and #14 described in Table 3-7.

13)

Boundary Condition #15: Change the DEGREE OF FREEDOM to SURFACE.

Table 3-8: Boundary Conditionsfor

DEGREE OF FREEDOM = SURFACE

The final two boundary conditions are needed to fix the free surface position at
nodes 1 and 2. Table 3-8 shows the Boundary conditions needed for the
SURFACE DEGREE OF FREEDOM. By specifying a ZERO Value for the
SURFACE D.O.F. means that the node is fixed.

B.C.# | REGION SELECTION | D.O.F. VALUE
15 NODE=1 SURFACE | ZERO
16 NODE =2 SURFACE | ZERO

Input avalue of 1 for the NODES keyword. Click VALUE GENERATION and
choose the keyword ZERO. The updated form is shown below.
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14) Right click in the grey areain the BCNODE Command form and select
ADD(REPEAT). Confirm the change was made correctly by checking the
FIDAP Command History Window. Repeat for boundary condition #16
described in Table 3.8.

15) Thevalue of the contact angle at node 14 is generally determined from
experiment. Change the DEGREE OF FREEDOM to CONTACTANGLE. Input
avalue of 14 for the keyword NODES. Changethe VALUE GENERATION
keyword from ZERO to CONSTANT. Input avalue of -20 for the keyword
CONSTANT. Input avalue of 1 for the keyword X (after the option X/ZC
COMPONENT) to force the movement to be in the horizontal direction. The
updated form is shown below.

# BLGEELD 0F drE [ it TR |
§ EoGa0s Sk CThos [ -
W mh  ETATI [ELL LRl - -m
sl FUHCTIOH CLPRT
TR FLBEC 11D B 0

FIFEEATE EVAINE
FEFIRILLHT Ik
FEPRIENT L IR

B ST ORI B

LR R S LT ] ki

8 AT Rk T O |
TR T TLEG

| i) | REPLACE | D] ;i"'rr.'.|.';|_"|||.]|.--".:!

16) Click ADD at the bottom of the form. Confirm the change was made correctly by
checking the FIDAP Command History Window.

© Fluent Inc., April 11, 2001 3-41



FIDAP Tutoria 3: Curtain Coating

STEP 16: Apply theInitial Conditions

The default initial condition is zero for all degrees of freedom. Typically a nonzero
initial condition helpsto prevent divergence or improve convergence.

1) Click Initial C. on the FIPREP Menu Toolbar. The ICNODE command Form is

shown below.
SO0 Commmart ]
B [EOMEE [ PP :l-“ n
WL, TNTE mn n
B NEITH ELECTHN S -1
i i
2T ) T
WENT CTHSSIN)

2) Change the DEGREE OF FREEDOM keyword to UY . Changethe |.C. TYPE
keyword from ZERO to CONSTANT and input a value of -200. (Y ou could have
also specified UX = 200). Change the REGION SELECTION keyword from
NODESto ENTITY and select fluid. The updated ICNODE Command Formis
shown below.

| W EEGEE D MR e

N L TeF COHTRRMT n = ol
| | = memon seecTion EWTIT [ - " [ 7]
[ W ELEATT TR IT i b
I WA E] AT Tl T
Ll L iHen
TAHIE ELIPLI 1T
IITEF & CTROE T
BOLRhARY TG

BRI T i
| 200 | MEFLACE | DELEEE | !'ﬂ.’.‘i. D ALLTS | CAMCEL |
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3) Click ADD at the bottom of the ICNODE Command Form. Confirm the change
was made correctly by checking the FIDAP Command History Window.

STEP 17. Scalethe Geometry

The actual curtain thicknessis.06 cm. To make the geometry easier to createin
GAMBIT, the curtain thickness was created to be 1. Therefore, the entire geometry needs
to be scaled by a factor of .06, which can be easily donein FIPREP. A scale command
can be used to multiply all the dimensionsin GAMBIT by any factor.

1) Click Mesh Dataon the FIPREP Menu Toolbar. The MESH DATA Command
Form is shown below.

COORDINATE
ELEMENTS

NODES
ORIGIN
RENUMBER
SCALE_

2) Click SCALE on the MESH DATA form. The SCALE Command Form is
shown below.

FCAl | Cammandd

LEHETE SLALE FRCTORE
BIrE A0ALF FACTOR

WiRC GEALE FelTOR
FEOALL FACTON

VELOOITY ECAUE FRaTO
FHESSUST SLALD FRCTOR
Tkl Aiaif Falling
EUNEGIE SR FRCTON
FIHETIC SOALE FACTOR
ST A0 F FACToR

[AFEOE] Al Brywrds |
LN T el — L.

SR CIES PN
EFLOEE SCALE BiTON

[ KB | BCFRULTN | CIEAH |

sy [T

m I I'I'IITE . I JlLE 'ti . -1 T I'r'] t '1'5't ] I-"'"-"I’

3) Click LENGTH SCALE FACTOR and enter avalue of .06 for the keyword
VALUE. The updated form is shown below.
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| B LEHGTHE BOSLE FRCTOR Taml o e
| I ACALF FACTOR

Wikl HEALE FRCTOR

FEOALL FACTON

VELOOTY ECALE FRCTTN

MHESESUST SLALL FRITOR

Thki#, SCaLF FALI0R

EUNAIE SOALE FRCTON

FIHETIC SOALE FACTOH

s TN A0 F FRCTOR

| e e

R CIES FOn
EFECIEE SCALE FlTOR

Eniiy ||
Pt | eriacs [ OIen |

4) Click ADD at the bottom of the form. Confirm the change was made correctly by

checking the FIDAP Command History Window.

STEP 18: End out of the FIPREP Module

Click END on the FIDAP Command Toolbar.

STEP 19: Createthe FISOLV Database

1)  Click CREATE on the Main Module Toolbar. The Create Toolbar is shown
below.

" Retum

2)  Click Create on the Create Toolbar. The CREATE Command Form is shown
below:

o E Ty TaaGi (1]

A0 D05 el IS
TRITPUT P RPATY

The default FILE TYPE is FISOLV.
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3)  Click ACCEPT at the bottom of the CREATE Command Form. The FIDAP
Command History Window will show the following message:

- LILACHIN EMIETT IATR
FLEFIHT DTN,
BT DIRITIN [R1E
- DATLA COEBITDE DRIE
== EEAELETEHLY SRl

aee EITISVT OCTIHEL ATHEEERD DASF
#== GHCAIV TEELY BT Dk

S TIFIL Y AMIT Ml SETTENSFEEYT FFEFETm

At the beginning of thistutorial, the .FIPREP file wasread and a model
database was created. This step updates that model database to also include the
problem specifications. problem type, boundary conditions, physical properties,

Before attempting to run the simulation, you need to check that the following
message is reported in the FIDAP Command History Window:

***F SOLV | NPUT DATA SUCCESSFULLY CREATED

If you get error messages, you can NOT proceed to STEP 20: Run the Simulation.
To find the source of error you can go back into FIPREP and check the database
or you can check the .FIINP file that you create next.

4) Click Create on the Create Toolbar. Change the FILE TY PE from FISOLV to
FIPREP. Click FILE OPEN STATUS and select the keyword DELETE (to
overwrite any preexisting .FIINP file). The updated CREATE Command Form is

shown below.
W Fup T [T
i FEP OFH STaFE FELFTE

PRy [0S A0 TS
QUTFUT FLEBEHTS

ACETrT | DUTANTE | CACE

5)  Click ACCEPT at the bottom of the CREATE Command Form.

The file created is named ccoat.FIINP (see Appendix B ). This file contains a
clean set of commands and is very useful for diagnosing problems should
convergence problems or inaccurate solutions arise. If the database was not
created in the last step, this file should be checked for errors.
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STEP 20: Run the Simulation

1) Click RUN on the Main Module Toolbar and select FISOLV. The RUN
Command Form is shown below.

L] e

W IEEHTORE R nasli mrEnmen o | Mt [Pl ]
FRATITION FIE
PAVEILEL FLAs
ATl T UE
VR L
| RESTRAT MK
W POAERACKGTHATMD nsmonG

Sra ey ¢ w0 SR
A MSIELFILAD SN LT n =
W PR T Wi -
CIIHEES
FRIAF HIRST BIEE CTUKY
SERTCH MRECTERY
(it s TalpEre Ny
FEaDL Y Cof EUTAIILE
TEAAF el DT
FISTAY WE LTy
W MATERASE CTIMPRETEION  (COuMHESS [ 1]

2) Change the RUN keyword from BACKGROUND to FOREGROUND. The
updated RUN Command Form is shown below.

[ |
W iR o 1|
ENETTEE TR IE mEEnnEn = Myrnal [
PRATITIA FRE
PRAALEL Fuss
TATAIRIE TN LRk
[CEOREE
LIS REVINE B
[ Qarid L bt o] FORE AR u
SIS ¢ 0 L b T
TSP DT AR TN ET T EER 1S
B DR T
O FLE
FEAAF DD DR CTO Y
SORATOH DERCTOTY
FILLF EWE O RRL |
FIRa Y CEE CUTRE
FIAF BRI
FERTH N WE T
W ATARRSE COMPREAE O n

If you run the simulation in the background, the simulation will continue to run,
even if you exit the FIDAP GUI. If you run the simulation in the foreground, you
may display convergence data during the run (via the MONITOR option).

3)  Click ACCEPT at the bottom of the RUN Command Form. The
FOREGROUNDTASK IS RUNNING Form is shown below.
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FOREGROUIKD TASE 15 AUHNMNG

_—————
Mement Please. FISOLY i3 renning...
0

PROCESS G FIS00Y TASE 25EK | STOR |

FEETAN MORITOH ELLIN

STEP 21: Monitor the Convergence

1) Click SOLUTION MONITOR at the bottom of the FOREGROUND TASK IS
RUNNING Form. The SOLUTION MONITOR Form is shown below.

SOLUTIO M A DT O
SOLLITICH
WGENT Frosal m
DIRECTORY = []
MEGREES OF FREEDOK
. ux P S § BPECS 1)
Wy HPECEES T EPFLTES 17
Uz SPECES 4 | SPECIES 13
W PRESSURE APECER G | SPECIES 14
TEMPEITURE _ SPECES 6 | BPECIES 15
W JUAFACE HPEDEET
EIRSETIL HPECEE D | B
DR IPATROR APECIES 3 1%,
BPECIES | APEDE S 1
SOLLTION VARMELE
HESIUE [HRMOHE DR EEHCIE
AROEE | @ SOUUTION PO CE
HE '-'I IIT'bl". i 'I.I. I bl! :-" li! E’ I-l' 'F"I [ !I

2) The FIDAP Command History Window will display the first message:

*** RUNNING FISOLV IN THE FOREGROUND WITH IDENTIFIER “ccoat”

Wait for the following message to appear before proceeding to the next step.

If you click START MONITOR too soon, you will get
the error message in the FIDAP Command History Window:

Solution has not yet begun reporting convergence information.
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3) Click START MONITOR at the bottom of the SOLUTION MONITOR Form.
The Convergence Form is shown below. A discussion of the convergence plot
will be givenin STEP 23.

L o Mlagl® Wicgl o Sywbeind @ iinaad ® K Gridd @ Y Grid |

"':; B pgren) @ Frerir| o faim Hake

4) When the solution reaches convergence (735 iterations), click DONE at the
bottom of the Convergence Form.

coagswpsl in TIE itsjetioes,

- Mgl ® Vicgl o Sywdeind @ dinaa) ® 0 Gridd m Y Grid |

"':; @ | pgrad) @ L] o | o faima Haks
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STEP 22: Reconnect the GUI to the database

FIDAP (where postprocessing is done) and FISOLV (where the solution is computed) are
separate processes, so after running the ssmulation it is necessary to reconnect the GUI
to the FIDAP database to postprocess the results.

1) Click IDENT on the Main Module Toolbar. The IDENTIFIER Command Form
is shown below.
MAME = |Fecoat’

DATABASE -~ NEW
i@ OLD

PREVIOUS (# SAVE
DATABASE 1 HOSAVE

2)  Click ACCEPT at the bottom of the IDENTIFIER Command Form.

STEP 23: Postprocessthe Results

1) Click FIPOST on the Main Module Toolbar. The FIPOST Command Form is
shown below.

FDPOST FILE MARE

l'-‘-:iill :i"l Ill I-'"'-:I

If you do not specify any FDPOST FILE NAME, the default file ccoat. FDPOST
will be used. If you want to specify a file other than the default file, you will need
to click the box to the left of FDPOST FILE NAME in the FIPOST Command
Formand enter the file name of the results database.

2)  Click ACCEPT at the bottom of the FIPOST Command Form. The FIPOST
Menu Toolbar is shown below.

) Contour ) Vector ) Convergence| |

) Computation | | Display ) Utility ) Environment | | Status
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3)

Check the Convergence. Click Convergence on the FIPOST Menu Toolbar. The
CONVERGENCE Command Form is shown below.

CONYERGENCE Command

W GEGREEE OF FHEEDDE

L B
B CONVERGEHCE NORK

ETIE N 1]
W Ao SCALE

LINERR 't |

ChangetheY AXIS SCALE keyword from LINEAR to LOG. The updated

CONVERGENCE Command is shown below.

CONVERGEMNCE Command

¥ DEGREE OF FREEDOM

ALL 1|

® CONVERGENCE NORM

SOLUTION “

M ¥ AXIS SCALE

LOG 1|
ACCEPT | DEFAULTS || CAMCEL

Click ACCEPT at the bottom of the form. The Convergence Plot is shown below.

The stairstep nature is typical of free surface convergence histories using the

segregated solver in which the velocity field is solved until convergence, and then

the free surface is updated, after which the velocity field must be solved again

with the new free surface. This sequenceis continued until both velocity and free

surfaces are converged.

o, 19009 §

-o.95082- &

MHORM

—2.939174+

LoG
[l

-3.232654

-4.37357

-5 51448+

B.01690  1.47800  2.94000 4.41400 5.58208 7.35000
ITERATION NQ.Cxl@+r 23

CONVERGENCE
HISTORY PLOT

R

COWE
[

EL.ERROR VEL

'
[ I

FIDAP 8.60
25 Apr B
14:16:38

Figure 3-3: Convergence History
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4)

5)

© Fluent Inc., April 11, 2001

To specify atitle for the plots, click on All in the FIPREP toolbar and select
TITLE.

Click ACCEPT on the TITLE Command Form. The DATA NEEDED button
will appear and you will be prompted to enter data. Pressthe F2 key and typein
the Command Prompt Window:

Curtain Coating: Re = 2.85, Ca= 35.13

Press the Enter Key.

Even though the solution has converged, it is a good idea to verify that the
boundary conditions have been correctly applied. Thiscan be donein the
FIPOST module, however it isonly a qualitative check. This step could have
also been done after Step 19: creation of the DATABASE and before Sep 20: run
thesimulation. It isalso a good trouble shooting strategy if convergenceisa
problem. Click Mesh on the FIPREP module. The MESH Command Form will
appear. Click NODAL D.O.F. and change the keyword from VELOCITY to UX.
Click ADD inthe MESH Command form. The updated MESH Command Form
is shown below.

KESH Coinmmand

HODOE EAREL

B ERME AT LAREL

i T

ACHLE FACTOR

GROUE DEFIHITON

PARTITEIH FILE WAk

W FLOTTED BFOSAnT I 08

BIRODE [+ ]
W RO0AL ILF.
e a
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Click ACCEPT in the MESH Command form. Slide the PAN/ZOOM bar
(located in the Graphics Control Window) to the left dlightly to better view the
entire model. The boundary conditions will be designated by arrows pointing to
the right or upwards (indicating a positive boundary condition), arrows pointing
to the left or downwards (indicating a negative boundary condition) or zeros
(indicating a zero boundary condition). Arrowswill be colored fromred (largest
magnitude) to blue (smallest magnitude). In the figure below, you will see red
arrows pointing to the right at all of the nodes on the entity "dlip", except for the
first four nodes (indicating a positive ux boundary condition). There are zeros
on all of the nodes at the "inlet" (indicating a zero UX boundary condition).

Curtain Coating: Re= 2.85, Cao= 35.13 ELEMENT
TG MESH PLOT

BCNODE - U

SCREEN LIMITS
XMIN —.487E-Q |
XMAX @ 40GE+00
YHIN —.121E-@2
¥MAX @45 E+aB
FIDAF &.60
25 apr B
14:16:38

|
I
|
i
I

I

i
I I
i ]
L 1

Figure 3-4: Mesh Plot and UX Boundary Condition.
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Performing asimilar check on the UY boundary conditions gives the plot shown
below. There arered arrows pointing to the left at the "inlet” (indicating alarge
negative boundary condition for UY). There are zeros on all nodes on the "outlet"
and "dlip" (indicating a zero UY boundary condition).

Curtain Coating: Re= 2.85, Cao= 35.13 ELEMENT
MESH PLOT

BCNODE - v

e e e e e

]

.

s

e
o5 o
"" Zrs AMIN — . 487E-@|
Loz WA SR
. ""//"IIII ] YMAX @ 48| E+@@
T U’UU/U DO PO oo 000 0 B‘i Ufi L) U/ L1} lf |1J‘| Fg?zi?% 'Sg.éa@

Figure 3-5: Mesh Plot and UY Boundary Condition.

6)  Plot the free surface movement. Click FREE on the All Menu and click
ACCEPT. Theoriginal shapeiswhite. Thefinal free surface shapeisshownin
green. The left free surface bulges to the left creating a small hesl.

Curtain Coating: Re= 2.85, Cao= 35.13 FREE
SURFACE PLAT

Original Surface (white)

Free Surface (green)

SCREEN LIMITS
XMIN —.487E-Q |
XMAX @ 40GE+00
YMIN —.121E-@2
¥HAX @48 E+aB

FIDAP 8.60

25 Apr B
14:16:38

>

=

Figure 3-6: Movement of Free Surface
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7) Plot the streamline contours. The Plot shows smooth contours in the entire
region. There are no recirculation zones (closed contours) in the heel region.

Curtaoin Cogting: Re= 2.85, Ca= 35.13

STREAMLINE

HRGHT

CONTOUR PLOT

LEGEND

- —.980GE+@1
- -.86eBE+a1
- —.74EBE+@1
- —.G2B5E+01
- —.SEESE+el
- —.380%E+01
- —.2665E+01
- —.l465E+@1
- —.2652E+00
- ©.9343E+08

TIX CHIOTMMOOm>

SCREFM LIMITS
*MIMN — 487E-@]
*KMax @ 405E+Q0
YMIN - 1ZIE-@2
YMAX (481 E+@0

-

FIDAP .60
25 Apr O
14:16:38

Figure 3-7: Streamline Contours

8) Create a Vector Plot: Click Vector on the FIPOST Menu Toolbar. Click
ACCEPT on the bottom of the VECTOR Command Form. The Vector plot is
shown below. You may need to use the PAN/ZOOM dlider bar in the Graphics

Control Window to scale the plot to fit.

Curtain Coating: Re= 2.85, Cao= 35.13

VELOCITY,
VECTOR PLOT

SLALE FACTOR
.5080E+a2
REFER. VECTOR
—ii  2BBRE+A3
MAX WEC.PLOT D
@.2008E+a3
AT NODE 154

S

SCREEM LIMITS
XMIN — . 487E-d]
XMax @ 4C0EE+QQ
TMIN - 121E-G2
YHAX @481 E+0@

FIDAP 8.50
25 apr B

14:16:39

Figure 3-8: Vector Field
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9) Plot the pressure contours. Note the spike in the pressure in the heel region. This
is due to the velocity discontinuity at the dynamic contact point.

Curtain Coating: Re= 2.85, Co= 35.13 PRESSURE
CONTOUR PLOT
LEGEMD
A - —. | |BGE+ES
B - -.S441E+84
C - @a.17394E+Q3
D - 29.9500E+04
E - @.1142E+05
F - B.1784E+85
[}
H
I
J

- B.226BE+85
- @.2528E+@5
- @.3390E+05
- B_3952E+05

MINIMUM
—-B. 1387 2E+65
Max THMUM
0. 42332E+05

SCREEM LIMITS
XMIN — . 487E-d]
XMax @ 4C0EE+QQ
YMIN - 1z21E-@2
YHAX B 481 E+0@

FIDAP £.68

26 Apr B
14:16:39

Figure 3-9: Pressure Contours

STEP 24: Exit the FIPOST module

Click END on the FIDAP Command Toolbar to end out of the FIPOST module
and return to the FIDAP root level.

STEP 25: Exit FIDAP

Click END on the FIDAP Command Toolbar to end out of FIDAP. Click YES at
the EXIT PROMPT Form.
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SUMMARY:

In this tutorial the ratio of the speeds of the falling curtain and the moving substrate are
equal. When the Reynolds number is low, FIDAP predicts a small heel formation. This
Is consistent with previously published results (1). The user can easily change the values:
width and speed of the falling curtain, speed of the moving substrate, density, viscosity,
and surface tension of the fluid for a new set of conditions. The recommended approach
is to edit the file ccoat.FIINP (which was created in Step 19, #4) by uncommenting out
some of the commands, inserting the necessary parameters and adding some commands.
For more details on this procedure, please refer to Lecture 5 of the FIDAP Introductory
Lecture Note. Thebasic steps are:

1. Copy the file ccoat.FIINP to the file ccoat_p.FDREAD and make the following
changesto thefile ccoat_p.FDREAD.

2. Uncomment out the 3 lines:
FI CONV( NEUTRAL, NORESULTS, | NPUT)
| NPUT( FI LE=" ccoat . FDNEUT")
END

3. Insert the parameterized values. An example of just one of the valuesis given by:
$vel _c¢ = 200

4. REPLACE the necessary FIPREP commands with the parameterized values.
Change from
BCNO(UY, ENTI("inlet", CONS
to
BCNO(UY, ENTI="inlet", CONS = -$vel c)

-200.)

5. After the command PARAMETER (LIST), add the RUN Command:
RUN( FI SOLV, FORE)

6. Insert the POSTPROCESSING commands:
| DENT( NAMVE = "ccoat _p")
FI POST
DEVI ( XW N)

CONVERGENCE ( ALL, LOG)
VESH( BCNO, UX)

VESH( BCNQ( UY)

FREE

CONT ( STREAMLI NE)
VECTOR

CONTOUR ( PRES)

END

An example input file (named ccoat_p.FDREAD) is provided in Appendix C.

REFERENCES:
1. Kistler, Stephan F. and Schweizer, Peter M. (1997), Liquid Film Coating: Scientific
principles and their technological implications, Chapman and Hall, London.
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APPENDIX A: ccoat.FIPREP

EE IR I kS R I I S I R R R I R I R I R R I I I I R O

/
/| Disclainmer: This file was witten by GAMBI T and cont ai ns

/ all the continuum and boundary entities and coordi nate systens

/ defined in GAMBIT. Additionally, sone frequently used FlI PREP

/ commands are added. Modify/ Add/ Uncomment any necessary comands.
/| Refer to FIPREP docunentation for conplete listing of comuands.

/
/
/
/

EE IR R I Ik S R I I S S I R R R R R I R R R R I Ik O I I O

CONVERSI ON OF NEUTRAL FI LE TO FI DAP Dat abase

FI CONV( NEUTRAL )

| NPUT( FI LE="ccoat . FDNEUT" )
OUTPUT( DELETE )

END

/

TI TLE

ccoat

/

FI PREP

/

/ PROBLEM SETUP

/

PROBLEM (2-D, LAM NAR, NONLI NEAR, | SOTHERMAL)
EXECUTI ON( NEWIOB )

PRI NTOUT( NONE )

DATAPRI NT( CONTROL )

/

/ CONTI NUUM ENTI TI ES
/

ENTITY ( NAME = "fluid", FLU D, PROPERTY = "fluid" )
/

/ BOUNDARY ENTI TI ES

/

ENTITY ( NAME = "inlet", PLOT )

ENTITY ( NAME = "outlet", PLOT )

ENTITY ( NAME = "slip", SLIP )

ENTITY ( NAME = "Ifree", SURFACE )

ENTITY ( NAME = "rfreel", SURFACE )

ENTITY ( NAME = "rfree2", SURFACE )

/

/ LOCAL COORDI NATE SYSTEMS DEFI NED

/

/ COORDI NATE ( SYSTEM = 2, MATRI X, CARTESI AN )

/0. 000000 0.000000 0.000000 1.000000 0.000000 0.000000 0.000000
1. 000000 0. 000000 0.000000 0.000000 1.000000

/
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/ SOLUTI ON PARAMETERS

/

/SOLUTION( S.S. = 10, VELCONV = .01, RESCONV
/ PRESSURE( PENALTY = 1.E-6, DI SCONTI NUCUS )

/ OPTIONS( UPW NDI NG, , , )

/| SCALE( VALUE = 1)

/ TI MEI NTEGRATI ON(  BACKWARD, NSTEPS = ,DT = 0,,, )
/ POSTPROCESS( NBLOCKS = )

/

/ MATERI AL PROPERTI ES

/

/ Partial list of Material Properties data

/

.01, ACCF =

0)

/ The following lines were uncommented. This step will not be necessary

/in GAMBIT versions 2.0 and | ater.
DENSI TY( SET = "fluid", CONSTANT = 1)
VI SCOSI TY( SET = "fluid", CONSTANT = 1)

/ CONDUCTI VI TY( SET = "fluid", CONSTANT = 1)
/ SPECI FI CHEAT( SET = "fluid", CONSTANT = 1)
/

/ I NI TI AL AND BOUNDARY CONDI TI ONS
/

/1 CNODE( , CONSTANT = 0, ALL )

/

/ BONODE( , CONSTANT = 0, ENTITY = "inlet" )
/ BONODE( , CONSTANT = 0, ENTITY = "outlet" )
/ BONODE( , CONSTANT = 0, ENTITY = "slip" )

/ BONODE( , CONSTANT = 0, ENTITY = "Ifree" )
/ BONODE( , CONSTANT = 0, ENTITY = "rfreel" )
/ BONODE( , CONSTANT = 0, ENTITY = "rfree2" )

/

END

/

CREATE( FI PREP, DELETE )
PARAVETER( LI ST )

CREATE( FI SOLV )

/ RUN( FI SOLV, FOREGROUND )
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APPENDI X B: ccoat.FIINP

/

[ FI CONV( NEUTRAL, NORESULTS, | NPUT)
/" INPUT(FI LE= "ccoat . FDNEUT")

/' END

/

TITLE

/

FI PREP

PROB (2-D, STEA, INCO, LAM, NONL, NEWF, MOVE, |SOT, FREE, SING

PRES (M XE, DI SC)

EXEC ( NEW)

SOLU (SEGR = 100, VELC = 0. 100000000000E- 03, SURF = 0. 100000000000E- 02,
PREC = 21, KINE = 500)

DATA ( NONE)

RELA ( HYBR)
0. 3000000000E+00, 0. 3000000000E+00, 0. 0000000000E+00, 0. 5000000000E+00,
0. 0000000000E+00, ~ 0. 9750000000E+00, 0. 0000000000E+00, 0. 0000000000E+00,
0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00,
0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00,
0. 0000000000E+00, ~ 0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00,
0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00,
0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00, 0. 0000000000E+00

PRI N ( NONE)

SCAL (VALU = 0. 600000000000E-01)

ENTI (NAME = "fluid", FLU, PROPERTY ="fluid")

ENTI (NAME = "inlet", PLOT)

ENTI (NAME = "outlet", PLOT)

ENTI (NAME = "slip", SLIP, PROPERTY = "slip")

ENTI (NAME = "I free", SURF, DEPT = 0, X = 1.0, MAPP)

ENTI (NAME = "rfreel”, SURF, DEPT = -1, MAPP, NORM)

ENTI (NAME = "rfree2", SURF, DEPT = 0, MAPP, NORM ANGL = 0.0)
DENS (SET = "fluid", CONS = 1.25)

VISC (SET = "fluid", CONS = 5.27)

SURF (SET = "fluid", CONS = 30.0)

SLIP (SET = "slip", CONS = 0.100000000000E-01, UT = 200. 0)
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FIDAP Tutoria 3: Curtain Coating

BCNO (UT, ENTI
BCNO (UN, ENTI
BCNO (UX, ENTI
BCNO (UY, ENTI
BCNO (UY, ENTI

"slip", CONS = 200.0)
"slip", ZERO)

"inlet", ZERO
"inlet", CONS = -200.0)
"outlet", ZERO)

BCNO (CONT, CONS = -20.0, NODE = 14, X =1.0, Y = 0.0)

BCNO (UX, NODE = 14, FREE)
BCNO (UX, NODE = 156, FREE)
BCNO (UX, NODE = 136, FREE)
BCNO (UX, NODE = 155, FREE)
BCNO (COOR, NODE = 1)

BCNO (COOR, NODE = 2)

BCNO (COOR, NODE = 14)
BCNO (COOR, NODE = 27)
BCNO (COOR, NODE = 28)
BCNO ( SURF, NODE = 1, ZERO)
BCNO ( SURF, NODE = 2, ZERO)
I CNO (UY, CONS = -200.0, ENTI = "fluid")
END

[ *** of FIPREP Commands
CREATE( FI PREP, DELE)
CREATE( FI SOLV)

PARAMETER( LI ST)
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FIDAP Tutoria 3: Curtain Coating

APPENDIX C: ccoat_p.FDREAD

/ ccoat _p. FDREAD

/I This is a paraneterized file for a curtain coating problem

/I This file both runs the simulation and postprocesses the results.
/To run this file type the conmuand:

/fidap -id ccoat_p -in ccoat_p. FDREAD - new

/Note: The file ccoat. FDNEUT nust al so be in your working directory.
/

FI CONV( NEUTRAL, NORESULTS, | NPUT)

| NPUT( FI LE= "ccoat . FDNEUT")

END

/

/units are CGS

/

/scal e geonetry in GAMBIT so that characteristic length at outlet
/ is .06 cm

/length units are cm

$length = .06

/ scal e factor
$scfac = $length

/density units are g/ n8
$density = 1.25

/viscosity units are g/(cms)
$viscosity = 5.27

/surface tension units are g/s2
$surftens = 30.0

/velocity units of falling curtain and nmoving substrate are cm's
$vel ¢ = 200
$vel s = 200

/'slip coefficient
$slipcoef = .01

/contact angle units are degrees
$contangle = 20

/ Reynol ds nunber and Capillary nunber at "outlet”

$Re = $density * $vel s * $length / $viscosity

$Ca = $viscosity * $vel _s /| $surftens

/ Rel axation values for velocity, pressure and free surface d.o.f.
$vel _rel = .3

$pre_rel = .5

$sur _rel = .975
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FIDAP Tutoria 3: Curtain Coating

/title information

$fr = 100

$fc = 100

$Rel = 100 * $Re
$Re2 = INT ($Rel)
$Re3 = ($Re2/ $fr)
$Cal = 100 * $Ca
$Ca2 = INT ($Cal)
$Ca3 = ($Ca2/ $fc)

$head = "Curtain Coating:"
$rtitle Re =" + NTCS ($Re3)
$ctitle Ca =" + NTOS ($Ca3)

TITLE (String)
($head + $rtitle + $ctitle)

FI PREP
PROB (2-D, STEA, INCO, LAM, NONL, NEW, MOME, |SOT, FREE, SING
PRES (M XE, DI SC)

EXEC ( NEW)

SOLU (SEGR = 100, VELC = 0.1E-03, SURF = 0.1E-02, PREC = 21, KINE =
500)

DATA ( NONE)

RELA ( HYBR)

/ U \% w P T

$vel rel $vel rel 0 $pre_rel 0 $sur_rel

PRI N ( NONE)

SCAL (VALU = $scfac)

ENTI (NAMVE = "fluid", FLU, PROP = "fluid")

ENTI (NAME = "inlet", PLOT)

ENTI (NAME = "outlet", PLOT)

ENTI (NAME = "slip", SLIP, PROP = "slip" )

ENTI (NAME = "Ifree", SURF, DEPT = 0, MAPP, X = 1.0)

ENTI (NAME = "rfreel", SURF, DEPT = -1, MAPP, NORM

ENTI (NAMVE = "rfree2", SURF, DEPT = 0, MAPP, NORM ANGL = 0.0)
DENS (SET = "fluid", CONS = $density)

VISC (SET = "fluid", CONS = $viscosity)

SURF (SET = "fluid", CONS = $surftens)

SLIP (SET = "slip", CONS = $slipcoef, UT = $vel _s)
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FIDAP Tutoria 3: Curtain Coating

BCNO (UT, ENTI
BCNO (UN, ENTI
BCNO (UX, ENTI

"slip", CONS = $vel _s)

"slip", ZERO

"inlet", ZERO

BCNO (UY, ENTI "inlet", CONS = -$vel _c)

BCNO (UY, ENTI "outlet", ZERO

BCNO (CONT, CONS = $contangle, NODE = 14, X = 1.0, Y = 0.0)

BCNO (UX, NODE = 14, FREE)
BCNO (UX, NODE = 156, FREE)
BCNO (UX, NODE = 136, FREE)
BCNO (UX, NODE = 155, FREE)
BCNO (COOR, NODE = 1)

BCNO (COOR, NODE = 2)

BCNO (COOR, NODE = 14)
BCNO (COOR, NODE = 27)
BCNO (COOR, NODE = 28)
BCNO ( SURF, NODE = 1, ZERO)
BCNO (SURF, NODE = 2, ZERO
I CNO (UY, CONS = -$vel c, ENTI = "fluid")
END

CREATE( FI PREP, DELE)
CREATE( FI SOLV)
PARAVETER( LI ST)
RUN( FI SOLV, FORE)

| DENT( NAME="ccoat _p")

FI POST
DEVI ( XW N)
CONVERGENCE( ALL, LOG)
MESH( BCNO, UX )

MESH( BCNO, UY )

FREE

CONT( STREAMLI NE)
VECTOR( )

CONTOUR( PRES )

END
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