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+ Which problems can be solved with VOF model?

¢ Settings
o Multiphase Model
e Solver Settings:
= Discretization and URF
= ITAVSNITA
o Boundary Conditions
= open channel
o Initial conditions: smooth interface

o Example setup: sloshing tank
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Which problems can be solved with VOF model?

¢ VOF is exact multiphase

model minn Ilustration of mixture density
9.65e+02
o Based on first principles Sesels: SLlCEl
g.32e+02
e Solves one set of momentum faeios
equations for single “mixture” 8.99¢402
- f.33e+02
fluid 2ot
a2.33e+02
o Turbulence and other models 30010
are the same as in single L
hase flows 30002
P Pr = Piq g =1 s =0
o Becomes impractical if length 7002
scale of the interface is I s Density of the gas-liquid mixture fluid
comparable to cell length ot
Scale Pm = aliqpliq + agaspgas
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Settings: Multiphase Model

>¢ Multiphase Model

o Most free surface flows are

kModel Mumber of Phases
unsteady on o A
e Explicit vs implicit means how 4 Volume of Fluid
mass conservation equation is  Mixture
discretized in time « Eulerian

o et Sioam

e Explicit method advantages
= Small CPU effort per time step

YOF Parameters

. . YOF Scheme
= Accurate interface tracking & Explicit
scheme ensures interface .
. . ) ~ Implicit
thickness is one cell thick

Courant Mumber

o Explicit method disadvantages o oe
= Restriction in time step size | Open Channel Flow
= High grid quality requirement
for default Geo scheme

Body Force Formulation

7 Implicit Body Force

QK Cancel Help
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Settings: Multiphase Model

o Explicit (cont.) — 4 discretization Solve...Controls...Solution
methods for VOF equation Voltme F P
: ti — truct
e Geo — default. Most accurate interface SUMEHaeHe mee
tracking without numerical diffusion. [Geo—Reconstruct |
o Cases where Geo-Reconstruct may fail EI'E d?’i'i‘?:; e
or require too small time steps include aLIck

= Skewed or high aspect ratio mesh —
create high quality mesh in regions of
the domain where interface is expected
or use Explicit scheme can be still
used with Modified HRIC to
minimize numerical diffusion

= Very large velocity difference between
phases (gas assisted atomization) — use
implicit scheme with high resolution
discretization for VOF (Modified
HRIC)
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Settings: Multiphase Model

+ Explicit (cont.) — 4 discretization Solve...Controls...Solution
methods for VOF equation

= High viscosity ratio of phase material
(molten plastics at low temperature)

Volume Fraction Geo-Reconstruct

Geu—Hecunstruct

: CICSAM
= As the alternative a CICSAM scheme Modified HRIC
can be used — it can handle high QUICK,

viscosity ratio or lower viscosity can
be increased so viscosity ratio is below
le-5

= QUICK scheme is not recommended
to use — Modified HRIC is preferred
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Settings: Multiphase Model

« Implicit — all discretization schemes Solve...Controls... Solution

. g . . Volume Fraction| First Order Upwin
except Modified HRIC will most likely R eI

produce significant numerical diffusion Second Order Upwind

Modified HRIC
so HRIC should be used auIcK

+ Implicit scheme also allows for steady ' |
state solver — however we recommend to
solve even steady state problems with
unsteady implicit scheme
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Solver Settings: Discretization and URF

¢ Default single phase settings Solve...Controls...Solution
should be corrected for both — EsEiEiiE _
. . - - . Equations g = Under-Relaxation Factors_
explicit and implicit solvers pressure & ||
+ Untoggle Skewness- Density [~
Neighbor Coupling if mesh Body Foraes|
- Momentum 0.9
IS skewed I
. Pressure—Velocity Coupling l
+ For compressible VOF nso g | poommen
Pressure 1
prObIemS use SI MPLE C Skewness Corre:tion v : }PRESTO' Iﬂ
. I OMENUM| Third-Order MUSCL ¥
InStead Of PISO 1- '- Volume Fraction
Meighbor Correitlon ‘ Geo—-Reconstruct |ﬂ
+ Momentum URF can be E v
. 7 Skewness—MNeighbor Coupling
Increased

OK | Defaultl Cancell Help |

Conservative numerical settings for
typical VOF model with good mesh
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Solver Settings: Discretization and URF

+ Implicit — default singe phase Solve...Controls...Solution
S@ttings may not be Correct >¢ Solution Controls
. Equations = Under-Relaxation Factors »
+ PRESTO is recommended Pressure] o 5 [3
pressure discretization Density| 4
Body Forcesli—
Momentuml?
Pressure-Velocity Coupling volume Fraction | 0.25 4
Discretization
SIMPLE |j Pressure‘ PRESTO! ‘j &
Momentum‘ QUICK ‘j
Volume Fraction‘ Modified HRIC ‘E
QK | Defaultl Cancell Help |

Conservative numerical settings for
typical VOF model with good mesh

© 2006 ANSYS, Inc. All rights reserved.
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Solver Settings: ITAvs NITA

o Non lterative Time Define...Models...Solver
Advancement — reduces Translent Controls
Computatlonal effort per t|me ‘ll_ Non-lIterative Time Advancementl
step in comparison with iterative -
SChemeS (SIMPLE1 PISO) Non_lterﬂtivehj::l:erContrZI:rrection Residual Relaxation 4
Corrections Tolerance Tolerance Factor
¢ Can be used with VOF model Pressure [5 | 4 [0.25 [1e-04  [0.7
however convergence problems onmanl[+ |y foos e T
may happen — use variable time Prossure-Velooty Couptng | .
step and reduce Max. COMrections | mewemmm [ seesse sonracvmges o [
I2 4 Momentum| First Order Upwind
number for Momentum and ' Yolume Fraction Geo-Reconstruct Iﬂ
reduce Relaxation Factor for
pressure oK | Defautt| [cancel] Help |

Conservative numerical settings for
typical VOF model with good mesh
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Boundary conditions

+ Volume Fraction needs clear specification of interface location via initial
and boundary conditions

e Initial phase location is specified via marking cells in Adaptation and
subsequent patching of VVolume Fraction if needed

o Inlet or outlet BC must be setup such that only one phase can enter or exit
domain

= For velocity inlet, the incoming Volume Fraction of one phase must be 1 and
all others must be zero

= For mass flow inlet, the mass flow rate of only one phase can have a non-
zero value

= For pressure outlet, the back flow value of VVolume Fraction of only one
phase must be 1, all other Volume Fractions must be zero

= Outflow BC must never be used in any multiphase model including VOF

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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FLUENT
Boundary conditions: Open channel

+ Applicable to flows where inertia and gravity are dominant with known
depths of the liquid at the inlets or outlets

o Example — destroyer moving through the sea at depth y;, at speed V,,
o Prescribey, and V,, atinletandy,, at the outlet

o IfFr=V; *(gy,,)>>1, then choice of y_, does not matter — flow supercritical, if
Fr<1, then choice of y,, influence solution (subcritical flow)

+ One can specify either y;, and V;, (convection driven) or height difference
(gravity driven) between y;,and y,

Yout

l.n

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary



&
Fluent User Services Center ANS i S

www.fluentusers.com FLUENT "

Initial conditions: smooth interface
+ Default initialization of interface through patching creates sharp interface —
often leads to divergence

+ Smoothing interface can be accomplished by typing the following TUI
command before initialization (rpsetvar ‘patch/vof? #t)

o To return back to default sharp initialization type (rpsetvar ‘patch/vof? #f)
+ Works only per one initialization register created in ADAPTATION panel

(rpsetvar ‘patch/vof? #t)

(rpsetvar ‘patch/vof? #f)

ANSYS, Inc. Proprietary
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Example setup: sloshing in the tank

+ Swaying motion of the partially filled tank is approximated as non-
stationary body force using User Defined Function (UDF)

Foay = apma)2 Sin(a)t)

o UDF uses DEFINE_SOURCE Macro to prescribe force per unit of volume
In horizontal component of momentum equation

Sway
Gas 1 5 Roll Eﬂ

Liqud

—P3
— P2

P1
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Example setup: sloshing in the tank

¢ VOF model and solver definition

¥¢ Multiphase Model

. Model Mumber of Phases
Solver Formulation A
I 2
“ Pressure Based “* Implicit v off i
-~ Density Based  Expliei “ Volume of Fluid
Space Time v Mixture
490 - Steady ~~ Eulerian
~ Axisymmetric “» Unsteady W HiEl Bieam
v Axisymmetric Swirl Transient Controls VOF Parameters
3
- _| Mon-Iterative Time Advancement VOF Scheme
I Frozen Fhoobormutation ~ Explicit
Yelocity Formulation Unsteady Formulation ~ Implicit
4 Absolute ~ Explioi c t Numb
ouran umber
~ Relative “ 1st-Order Implicit
. 0.25
+ 2nd-0Order Implicit
Gradient Option Porous Formulation -| Open Channel Flow
4 Green-Gauss Cell Based “ Superficial Velocity Body Force Formulation
+ Green-Gauss Mode Based ~» Physical Velocity w Implicit Body Force
~~ Least Squares Cell Based
oK | | Cancel I Help | Ok Cancel Help
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»¢{ Primary Phase

Mame

Example setup: sloshing in the tank

+ Definition of phase materials and phases

FLUENT"

air

Phase kMaterial

Fir

v o

OK

Cancel

Help |

Mame

»¢ Secondary Phase

water-liguid

Phase Material| water-liquid

v| Edit..|

_OK |

Cancel

Help |

© 2006 ANSYS, Inc. All rights reserved.
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Example setup: sloshing in the tank
o UDF hookup

fone Mame

Phase

mixture

fluid

_| Porous fone

—_— 7 Source Terms
¢ User-Defined Function Hooks

_| Fixed Values

Initialization | none Ergif

Motion | Faoraus Zone l Hpagtion l Source Terms l Fhoeed Waltips

Adjust | OmgOmgdot::1ib  Edit..

A
% Momentum (nfm3]| 1 source Edit...
Execute at End | nore £ Y Momentum (nfm3]| 1 source Edit...l

»¢< X Momentum (n/m3) sources

Mumber of X Momentum (n/m3) sources | 1 #

=

Ldf xmom_source j

© 2006 ANSYS, Inc. All rights reserved.
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Example setup: sloshing in the tank

+ Numerical settings

»¢ Solution Controls

Equations g o Under-Relaxation Factors
Flow Pressure| - = |
- 0.5
olume Fraction
Density | ;.

Body Forces | |

Momentum 0.3

Pressure-Velocity Coupling £
Discretization
PISO [
j Pressure PRESTO! j /]
Skewness Correction
q # Momentum| quick j
Meighbor Correction Volume Fraction| Geo-Reconstruct j
1 s
¥
T Skewness-MNeighbor Coupling 7]
Ok Default Cancel Help
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Example setup: sloshing in the tank

o Choice of time step — order of magnitude estimation Grid...Check
e Two velocity scales are present >4 FLUENT@supl31 [2d, dp, pbns, vof, lam, unsteady]
= gravitational velocity scale File Grid Define Solve Adapt Surface |

da
dx

Domain Extents:
x—coordinate: min (m)
y-coordinate: min (m)

Yolume statistics:
minimum wolume (m3 :|3.0148?4e—05 |
maximum wo m3): 2.6d5313e—04

volume (m3): 7.200000e-01

PYg
=pg =>U, =29Ax =3m/s
2 —f.000000e—C

—3.0000009173

= oscillation velocity scale

w
U,=a—=0.03Im/s
2 ~ T
¥ Iterale
Time Variable Time Step Parameters

Time Step Size (s) Global Courant Number | 2
Mumber of Time Steps | 10000 = Ending Time (s) | 10

I Time Stepping Method Minimum Time Step Size (s) | 0.001

At = ‘(_) =0.01sec e
MAX U g? U o o Maximum Time Step Size (s) | 0.01
v Adantive

= cell length scale | =0.03m
= for inertia dominated flows Courant number = 1 so

. . . . A Yariabie Minimum Step Change Factor| 0.5
= Variable time step was chosen where maximum time || opons e C—
Step WaS 0.0l SeC ‘ BDemsanpingorIimesnlatics Number of Fixed Time Stepslﬁ#

-

Iteration User-Defined Time Step J
Max lterations per Time Step | 5

Reporting Interval | 20
UDF Profile Update Interval | 10

Iterate| Apply| Close Help |

A A
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Example setup: sloshing in the tank

27w

¢ Results — VOF at different oscillation periods 1 = =1.94sec

0
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Example setup: injection generic problem

+ Explicit scheme with PISO algorithm and Secondary phase inlet:

Geo scheme velocity or inlet pressure BC
PRESTO discretization for pressure

Time step size from the cell length and
Inlet velocity of red phase

« Surface tension can be turned on if deemed I ‘
Important Constant pressure outlet BC
.. ) ) with backflow volume fraction of
+ Velocity inlet includes velocity and volume white phase 1

fraction 1 of red phase
Constant pressure outlet BC

« If turbulence and non-isothermal case - with backflow valume fraction of
make sure that back flow turbulence and red phase 1
temperature values are reasonable

S S S S S S
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Example setup: injection with compressibility

+ White (primary phase) — compressible gas, Secondary phase inlet:

+ Red - secondary phase with constant mass flow o inlet pressure
density and non-Newtonian Bf Primary phase inlet:
+ Implicit scheme with HRIC discretization / masjefs'g:‘r’eoég"et
for volume fraction, PRESTO or \ / P
STANDARD discretization for pressure
¢ PISO or SIMPLE pressure-velocity
coupling \ /
+ Time step from cell length scale and red
phase velocity scale Constant pressure
+ Turn off solution of energy equation for —onese |
first 10 time steps of temperature jumps are volume fraction of
seen white phase 1

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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Example setup: tank filling application

+ White (primary phase) — incompressible oressure outlet with

gas, white phase Secondary
. - backflow volume phase inlet:
¢+ Red - liquid secondary phase with constant fraction 1 velocity or
density mass flow inlet
: : l BC
¢ Create a uniform mesh and modify the |
mesh only in regions where mesh g —

refinement is absolutely necessary

¢ Extrude 1-2 prism layers at the filling inlet. — wall ——1
These cells will be part of a separate fluid
volume, which is patched during
Initialization with a volume fraction of 1
(i.e. these cells are filled with filling fluid)
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Example setup: tank filling application (ctd.)

o Examples of good and bad mesh practices in real geometry and
example if inlet meshing

Good Bad
Inlet prism layer to be filled
by secondary phase at
initialization
Good Bad

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary
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FLUENT

Example setup: tank filling application (ctd.)

Geo reconstruct scheme should be used together with PISO

o 0 iterations for Skewness Correction

o 1literation for Neighbor Correction

e  Turn ON Skewness-Neighbor Coupling option

The under relaxation factors should have the following values;
e Pressure 0.7

e Momentum 0.8

e Density1

e Body Forces 1

If NITA is used set Pressure under relaxation factor to 0.7

Time step size is usually determined by inlet velocity and mesh
scale

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary



&
Fluent User Services Center ANS i S

www.fluentusers.com

FLUENT

Additional training resources

¢ Several tutorial are available on the Learning CFD center

http://www.learningcfd.com/login/index.htm

e Choose a Course
= FLUENT
. Intermediate Tutorials
—  Tutorials with a Focus on Multiphase Flow Applications
+Advanced Tutorials

© 2006 ANSYS, Inc. All rights reserved. - ANSYS, Inc. Proprietary



