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S« - Examples of multiphase Flows

General multiphase flows

boiling water flow: two-phase flow

air-water flow: two-fluid two-phase flow

water-oil flow: immiscible two-liquid flow
gas-aerosol/gas-droplet flow: two-fluid two-phase flow

fluidised bed: multicomponent two-phase flow

. In—containment multiphase flow

water spray in a containment

flashing water during a LOCA

condensate film flow on a containment wall
steam-fog/fission-aerosol in a containment atmosphere
molten corium jet-fragmentation, spreading

molten corium-concrete interaction

debris cooling in a cavity



water two-phase flow

=

(e) Amival on the Lower Head

{c) Pool Il)ischarge (d) Melt Relooation

melting-solidification « Classical representation »

Metal layer
H0xide debiisioicrist

Oxide pool

T Examples of multiphase Flows

In-vessel

« MASCA Observation »

Oxide pool

Metal pool

Source: https://inis.iaea.org/collection/NCLCollectionStore/_Public/49/066/49066570.pdf
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Examples of multiphase Flows
in-containment
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=Multiphase Flows (physical point of view)
it -2
.zMuItiphase flow

« Flows of immiscible fluids — fluid interface
« different phases: gas phase, liquid phase and solid phase
« immiscible fluids: such as water-oil flow

« miscible fluids
« Multispecies mixture

Types of flows

« Single -phase two-fluid: water-oil flow
« Two-phase single-fluid: steam-water flow

« Two-phase two-fluid: air-water flow

what happens on an interface

 pressure jump by surface tension

« Mmass, energy and momentum transfer

Interface scale

« large scale interface: separated/segregated flow

« small scale interface: two-phase mixture flow (homogeneous/inhomogeneous mixture)
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Aultiphase Flows (Numerical point of view)
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« Multiphase flow

« interface of phases

« macroscopic interface (larger than cell-size)

« interface capturing/tracking/fitting/representation: VOF, level-set, SLIC, PLIC
« air-water flow with macroscopic interfaces: free surface flow

« microscopic interface (smaller than cell-size)

« partly occupying each mesh cells: Euler-Euler approach
. air-water flow with microscopic interfaces: bubbly flow

« comparatively small volumes occupied by a dispersed phase: Euler-Lagrange approach
« air-water flow: droplet flow, aerosol flow

o large-volume particle flow: Euler-DEM approach

« mixed with macro- and micro- interfaces
« VOF-Lagrange: VOF for macro, Lagrange for micro interface
o VOF-Euler: VOF for macro, Euler for micro interface

« examples of flows: liquid jet breakup, slug flow,

Q

Mk
Ok
fujo

0|&

Ot

FARAS L RS ol



Numerical approach for multiphase flows

« Eulerian approach

« VOF
« 1-set of conservation equation (M-M-E)
« application: large-scale interface capturing

« cells on the interface have properties of two-fluid mixture

« Homogeneous equilibrium mixture
« 1-set of conservation equation (M-M-E)

« application: micro-scale interface modeling (size-model with interfacial transport)

« Inhomogeneous mixture
« So-called two-fluid or 6-egs. model

« time-volume-ensemble averaging of the governing equations



% Structure of OpenFOAM for Multiphase
g Simulation
« Code structure: applications + libraries

« Applications

« solver and type

o Homogeneous-mixture, VOF, Euler+Euler, Euler+Lagrage

o hybrid (VOF+Euler, VOF+Lagrange)

o Libraries
« transport properties for multiphase mixture
« Mixture properties by mixing phasic properties
« phaseSystems

« basic type: twoPhaseSystem, multiphaseSystem
« purpose: managing phases and modeling interfacial transports

« phaseModels
« phase itself
« calculating phasic properties and transport

« phasePair

« iInterfacial models

172 mndel



l«- - Multiphase solvers in Of v2006

Soi\ier: 17 solvers

« VOF solver: 10 solvers
« twoPhaselnter: interFoam, interlsoFoam,
. cavitatingFoam, interPhaseChangeFoam, interCondensatingEvaporatingFoam
« compressiblelnterFoam, MPPICInterFoam
« multiPhaselnter: multiphaselnterFoam, compressibleMultiphaselnterFoam.

« IcoReactingMultiphaselnterFoam

« Euler solver: 5 solvers
« TwoPhaseEuler: twoPhaseEulerFoam, reactingTwoPhaseEulerFoam,
« chtMultiRegionTwoPhaseEulerFoam: CHT + reactingTwoPhaseEulerFoam

« MultiPhaseEuler: multiphaseEulerFoam, reactingMultiphaseEulerFoam

o Mixture: 2 solvers

o driftFluxFoam, twoLiquidMixingFoam



OpenFOAM -8 VS OpenFOAM-v2012

. OF-8

« twoPhase is merged to multiphase

« reacting is generalized as a multiphase phase model.

OF-v2012 OF-8
twoPhaseEulerFoam
multihaseEulerFoam

reactingTwoPhaseEulerFoam multiphaseEulerFoam

reactingMultiphaseEulerFoam



Phasic classes for Eulerian multiphase modeling

[0 Purpose
= Generalized multi-phase Eulerian modeling

= [egacy approach: fixed number of phases
» 2 phase: dispersed-gas and continuous liquid
» 4 phase: dispersed/continuous-gas and dispersed/continuous liquid

[0 Key classes for Eulerian multiphase modeling
= phaseSystem : phaseModel : phasePair
[0 phaseSystem

= container class for phases. It construct phaseModels

= |t calculates interfacial transfer of mass, energy and momentum

O phaseModel
= phaseModel is a phase

= base is alpha (volume fraction of volScalarField)
O phasePair

* manage interfacial transport modeling between 2 phases
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g AL

J=«: _ - Phase systems for Euler solvers

« Base class: phaseSystem (inheriting 10dictionary)

« container of phases (phaseModelL.ist)

has subL.ist of phases (movingPhaseModels_, stationaryPhaseModels_, anisothermalPhaseModels_, multi
ComponentPhaseModels )

« has phasePairs (phasePairTable),

« iIncludes virtual functions to calculate interfacial transfer sources

momentumTransfer(), momentumTransferf(), phiFs(), phiFfs(), heatTransfer(), massTransfer()

« Construction of phaseSystem

construct phase list, sub phase list,

generatePairsAndSubModels() add phasePair and create transfer model list

surfaceTension, aspectRatio (from phaseSystem)

drag, virtualMass, lift, wallLubrication, turbulentDispersion (from MomentumTransferPhaseSystem)
heatTransfer (from TwoResistanceHeatTransferPS (pair) or oneResistanceHeatTransferPS)
phaseTransfer (from PhaseTransferPhaseSystem)

massTransfer (from InterfaceCompositionPhaseChangePhaseSystem) (Pair)

hash table (phasePairKey, model Type)



ng blocks to construct phaseSystems

« File structure

o directory: multiphaseSystem/PhaseSystems

. template phaseSystem: building blocks for real phaseSystems

template phaseSsyeme featrue
InterfaceCompositionPhaseChangePhaseSystem massTransferTable
MomentumTransferPhaseSystem momentumTransferTable for all moving phases
OneResistanceHeatTransferPhaseSystem heatTransferTable for all phases
TwoResistanceHeatTransferPhaseSystem heatTransferTable for all phases
PopulationBalancePhaseSystem massTransferTable for all species
ThermalPhaseChangePhaseSystem massTransferTable for all species
PhaseTransferPhaseSystem massTransferTable for all species

phaseTransferModelTable



,.,, o T Template phaseSystems (1)

[0 MomentumTransferPhaseSystem

= Class which models interfacial momenum transfer between a number of phases. Drag, virt
ual mass, lift, wall lubrication and turbulent dispersion are all modelled.

[ OneResistanceHeatTransferPhaseSystem

= Class which models interfacial heat transfer between a number of phases. A single heat tra
nsfer model is used for each interface

[ TwoResistanceHeatTransferPhaseSystem

= Class which models interfacial heat transfer between a number of phases. Two heat trans
fer models are stored at each interface, one for each phase. This permits definition of an int
erface temperature with which heat transfer occurs

L1 phaseTransferPhaseSystem

= Class which models non-thermally-coupled mass transfers; i.e., representation changes, r
ather than phase changes



Template phaseSystems (2)

[0 ThermalPhaseChangePhaseSystem

= Class to provide interfacial heat and mass transfer between a number of phases
according the interfacial temperature approximated by the saturation temperature

L1 PopulationBalancePhaseSystem
= Class which provides population balance functionality

O InterfaceCompositionPhaseChangePhaseSystem

= Class to provide interfacial heat and mass transfer between a number of phases according to
a interface composition model



Phase systems for multiphase

0 multiphase sytems for object creation

= pasicMultiphaseSystem
« PhaseTransferPS<OneResistanceHeatTransferPS<MomentumTransferPS<multiPS>>>

» interfaceCompositionPhaseChangeMultiphaseSystem

« InterfaceCompositionPhaseChangePS<PhaseTransferPS<TwoResistanceHeatTransferPS<MomentumTr
ansferPS<multiPS>>>>

» thermalPhaseChangeMultiphaseSystem

« ThermalPhaseChangePS<PhaseTransferPS<TwoResistanceHeatTransferPS<MomentumTransferPS<mu
[tiPS>>>>

= populationBalanceMultiphaseSystem

« PopulationBalancePS<PhaseTransferPS<OneResistanceHeatTransferPS<MomentumTransferPS/multiPS
>>>>

» thermalPhaseChangePopulationBalanceMultiphaseSystem

« ThermalPhaseChangePS<PopulationBalancePS<PhaseTransferPS<TwoResistanceHeatTransferPS<Mo
mentumTransferPS<multiPS>>>>>



s o Phase Model

 phaseModel volScalarField

. base class of phases

. phase object created by phaseSystem’s constructor

. phaseModels_(lookup("phases"), phaseModel::iNew(*this)) phaseModel

o List of the derived template classes (unusable, capitalized)

. heat transfer: IsothermalPhaseModel & AnisothermalPhaseModel

species: PurePhaseModel & MultiComponentPhaseModel

reaction: InertPhaseModel & ReactingPhaseModel

flow: StationaryPhaseModel & MovingPhaseModel
ThermoPhaseModel



ThermoPhaseModel

. provides access to the thermodynamic variables

IsothermalPhaseModel

« Class which represents temperature (strictly energy) remains constant

« AnisothermalPhaseModel

« construct phasic energy equation without interfacial transprot

StationaryPhaseModel

« Class which represents a stationary (and therefore probably solid) phase

« momentum related member functions return zero fields

MovingPhaseModel

« Class which represents a moving fluid phase. Holds the velocity, fluxes and turbulence model
and can generate the momentum equation.

« return the phasic momentum equation without interfacial transport



& - - Phase Model (3)

=

PurePhaseModel

« Class which represents pure phases, i.e. without any species. Returns an empty list of mass f
ractions.

MultiComponentPhaseModel

. Class which represents a phase with multiple species. Returns the species' mass fractions, an
d their governing equations

« InertPhaseModel

. Class which represents an inert phase, with no reactions. Returns zero reaction rate and heat

ReactingPhaseModel

« Class which represents phases with volumetric reactions. Returns the reaction rate and heat



Phase Model (4)

« phaseModel type for object creation (phaseModels.C creats these real classes)

purePhaseModel: To consider momentum-energy transport
« AnisothermalPM<PurePM<InertPM<MovingPM<ThermoPM>>>>

pureStationaryPhaseModel: To consider energy transport
« AnisothermalPM<PurePM<InertPM<StationaryPM<ThermoPM>>>>

purelsothermalPhaseMode: To consider momentum transport
« IsothermalPM<PurePM<InertPM<MovingPM<ThermoPM>>>>

pureStationarylsothermalPhaseModel: Nothing to consider
« IsothermalPM<PurePM<InertPM<StationaryPM<ThermoPM>>>>

multiComponentPhaseModel: To consider species-momentum-energy transport
« AnisothermalPM<MultiComponentPM<InertPM<MovingPM<ThermoPM>>>>

multiComponentlsothermalPhaseModel: To consider species-momentum transport
« IsothermalPM<MultiComponentPM<InertPM<MovingPM<ThermoPM>>>>

reactingPhaseModel: To consider reactive-species-momentum-energy transport

« AnisothermalPM<ReactingPM<MovingPM<CombustionModel>>>>
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0= = phasePair

« What is?: manage interfacial transport modeling between 2 phases

» Structure

« phasePair<phasePairKey<Pair<
« Pair is inheriting fixedList<T, 2>

o Pair<word> Pair< word >
. members: first(), last(), second(), other(), flip(), ?

. phasePairKey (name only)
« Pair + ordered_( default is false) + hash() phasePairKey
. if “and” ordered = false
. for phasePairKey it has two names of phases

« phasePair (including 2 phaseModels) phasePair
« contains 2 references of phaseModels
« phasel(), phase2() T

name() returns first() + "And" + name2
« otherName() returns Second() + "And" + namel

« orderedPhasePair
« phasel is fromPhase, phase2 is toPhase
« name() returns first() + "In" + name2
« otherName() returns fatal error
o dispersed() == phasel(), continuous() == phase2()

QEEZ 0|83 AYAE NS B)A
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« - - Blending of interfacial transport

[1 Phase inversion
= gas-water two-phase flow: phase inversion from bubbly flow to droplet flow
= bubbly flow: dispersed gas in continuous water
= droplet flow: dispersed doprlet in continuous gas

« Method 1: 4-field model (nphase code by Podoski-Antal-Kunz)
« dispersed/continuous gas fields and dispersed/continuous liquid fields

« Method 2: blending (OpenFOAM)
« Dblending of dispersed-gas/continuous-liquid flow and dispersed-liquid/continuous-gas flow

« K=0 - fi—-f)Kiz + fiKiz + [2K»

[0 OpenFOAM'’s blending method

= blending method: noBlending, hyperbolic, linear

= FullyContinuous = continuous phase, PartlyContinuous = dispersed phase

default

{
type
linear ;

minFullyContinuousAlpha.gas 0.7;
minPartlyContinuousAlpha.gas 0.5;
minFullyContinuousAlpha.liquid 0.7;
minPartlyContinuousAlpha.liquid 0.5;

= L=
O =r
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gg.?*, _ Blending of interfacial transport (2)

[0 BlendedInterfacialModel

« MinFullyContinuousAlpha (a,,) : Minimum fraction of phases which can be considered fully continuous

« MinPartlyContinuousAlpha (apan): Minimum fraction of phases which can be considered partly continuous

Blending method 0<f andf, <1
hyperbolic f, = 12[1+tanh(4/oy (0, — 0 )] F, = 1/2[1+tanh(4/ay (0 — a0 0))]
linear fl = (0‘2 o 0Lpart,Z)/(Oqull,Z o OLpart,Z) d f2 - (al - apart,l)/(afull,l - 0Lpart,l)
none f, = (phase2.name() == continuousPhase), f, = (phasel.name() == continuousPhase)
12 1.2
: I hyperbolic model
linear model 0% yP
~ 0.8 e~ O
506 s 0.6
=04 T 04
0.2 0.2
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

alpha.air alpha.air



Multiphase flows in NPP Containment
And
Simulation by OponFOAM
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Melt spreading in a reactor cavity

O Large-scale Underwater Melt Phenomena Spreading Experiment
(LUMPS)
O ROSAUZH|ZSHTROH A= LUMP (large-scale underwater melt spreading
experiment) 2 & X| & 0| 5l E8F0| dZ+ LM m{E §H S A=
A
o T4
>

= M8 %X (melt generator)

»

0 ol olo

A
= M EEX|(melt accumulator)
A

» |0] E (gate)

El
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> >

o H'& (spreading channel)
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2~ Melt spreading in a reactor cavity
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-

d LUMPS analysis
Q Pre-test analysis of LUMPS

Q modeling for OpenFOAM analysis

» solver: icoReactingMultiphaselnterFoam
» surface tension considered

» temperature-dependent melt viscosity
» 3 phases: gas, melt, water




6 - T Pre-Test Analysis of LUMPS

i -
« OpenFOAM soler

« icoReactingMultiphaselnterFoam
« VOF for interface capturing with temperature-dependent viscosity model

« air-water-melt three phase flow

type massTransferMultiphaseSystem;
phases (gas water melt);

as
? type pureMovingPhaseModel;
Yater
} type pureMovingPhaseModel ;
?elt
} type pureMovingPhaseModel;
?urfaceTension
gas and water)
t tant;
} s¥bma 670%43"
fgas and melt)
type onstant;
sXSma 8.65;
water and melt)
type onstant;
sxgma 8.63;




EU-APR1400 Core catcher

1 PECS (Passive Ex-vessel Corium Retaining and Cooling System)

QO Corium cooling device to prevent MCCI

QO Cooling of corium spread on the dry corium catcher

REACTOR
VESSEL
=
T
z r Convoluted 2
o flow path for 7 T/LINER -
§ steam vent to % fEL-130’—O"
containment % 22, H
- %%////7//5 T/LINER [
EZ !
/ /f//,,// v [EL.iM'—G" . ;
0 O . &
Ty Downcomer
/ i Sacrificicl concrete s
£L.100'-0" ;,/’ HOLD-UP P €30cm) —— Refractory
4 é;//////’w/(///ﬁé VOLUME EL. 100"-0" 3 rmaterial layer
= Z TANK Carbon steel — .
[EL,BQ'-B" G V. ASem
EL.53-0" r‘_l Steel line
i R 0.6cm Stud
\ (10cmX10cmX10cm)
’ "
r ~ EL.80'-0
\l.&/\ “i EL. 65'-0"
eSS\ ) I EL.62'-0"

EU-APR1400 core catcher

ref. KAERI/TR-5813/2014



EU-APR1400 Core catcher

O Simulation of natural circulative flow in the PECS flow system
O PECS flow system: Upper pool =& downcomer = channel = upper pool
d OpenFOAM modeling

QO Solver: chtMultiRegionTwoPahseEulerFoam

» solids (catcher, stud, corium crust) heat transfer + boiling two-phase flow
» multi-component gas mixture (air + steam)

Time: 910s

Liquid velocity
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P - Steam Sparging to

SR R

O FCVS: Filtered containment vent system
Q Analysis of pool behavior condensing steam

Q OpenFOAM modeling

» solver: reactingTwoPhaseEulerFoam

— multi-component gas/liquid two phase solver with phase change
» Simplified FCVS modeling

— sparger inlets: simple square channel

— gas injection: steam and air injection with specified mass flow

FCVS



Steam Sparging to FCVS

O FCVS: Filtered containment vent system

Q preliminary results of pool behavior

Time: Os Time: Os
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G == Steam Jet Condensation

d Steam jet in a containment during an accident

O Bulk condensation includes nucleation from vapor and condensational
growth from the nucleated seed or a droplet

O Importance: hydrogen concentration governed by steam condensation
O Benchmark of steam jet experiment

Time: 0.2s

p_rgh
1.3e405 125400 1.3e+05

_— b

0.013 Iso-surface
of dispersed H2O mass

Se+6

Y
I 28610

Number of particles (#/kg, 15" section)
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d Steam condensation and development of surface film

O Importance: hydrogen concentration governed by steam
condensation

» steam condensation is dependent on surface film behaviors

 APR1400 spray analysis

P N
O OpenFOAM modeling
» Solver: reactingTwoPhaseEulerFoam
» multi-component gas mixture (air+steam+H2) |

» spray nozzle as mass-momentum-energy soruce

» wall heat transfer/condensation
— currently not modelled 4



nd surface film flow in containment

d Preliminary results of APR1400 spray analysis

Time: 10s Time: 10s
5.0e-04 [ 8.0e-03
[ 0.000 — 0.0075
T
—00003 3 é
o 0007 o
- 00002 & l e
(o]

I 0.0001 [ 0.0065
0.0e+00 6.26-03

1.0e-03
[ 0.0008
~ 0.0006

— 0.0004

I 0.0002
0.0e+00

alpha.liquid




=S Debris Coolability

O Debris of core melt in the reactor cavity pool

O Importance: Evaluation of debris coolability

» thermal-hydraulic conditions of the cavity pool
— Approximation of pool depth to stably cool the debris
» Minimization of MCCI

d OpenFOAM modeling

O Solver: multiphaseEulerFoam

» debris as purelsothermalStationaryPhaseModel
» purePhaseModel for debris = future work

O DEFCON (air test) 2 off A



RN Debris Coolability

O DEFCON &7| 4™
Q Bk oM
w AE ML s A=
» otF0A 37| F

Time: 1s

5.0e02
[ 0.04

— 0.03

alpha.air

— 0.02

0.01

0.0e+00




= -'-',"/,peveIOpment of a simple equilibrium model
o for wet-steam flow

d Condensation mechanism

Condensation
D E———— ——
Filmwise Dropwise Direct Contact ' Homogeneous
Condensation Condensation Condensation Condensation
/ —I—' Drop type
Wall condensation Bulk condensation
ﬂ Jet/sheet type
"~ Film type
— | Bubble/pool
Vivi Apriyanti et al T}’pe
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“?~-.../% ‘Development of a simple equilibrium model
gl for wet-steam flow (2)

d Assumptions

O Thermo-mechanical equilibrium

» Equal velocity and temperature for phases

Mixture—based approach Source—term based approach
(single—phase mixture model) (gas—liquid two—phase model)
no-source for mixture egs. mass/momentum/energy loss in gas—phase

mass |loss for vapor specie = mass gain for fog

mass fraction of fog liquid a = T—nf mass fraction of fog liquid a = :—f
g
. a . a
fog mass equation a(pa:) +V(pUa) =S, fog mass equation a(pga) + V(pgb’a) —V(Va) =5,
Iy =u,/Pre
Using mixture properties Using gas—phase and liquid—phase properties
fog volume fraction is negleced fog volume fraction is negleced



- /«,peveIOpment of a

R P
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R A

0 lze modeling for fog aerosols

simple equilibrium model
for wet-steam flow (3)

O No-model, mono-dispersed, poly-dispersed models

no—model approach mono—dispersed approach

gas mass: S, = =S4, Sp2o = —S¢

gas mass: S, = =S4, Sp2o = —S¢

gas momentum: S, = =S, U

gas momentum: S, = =S, U

gas energy: S, = —Sghy

gas energy: S, = —Sghy

. k
phase-change: S, = Cpi(p,yp — Przp): [m—i]
No size model required

phase-change: S, = S, + Sy
nucleation S,
growth model required particle size

particle number density model (N = #/m,)
9 — _a_ 4 3
ar(pgN) + V(ngN) = SN My = 5= Py
f(a,N)

r=

Sa = Snu +S.9?" = C‘[psat - pl] [%]

— o N _ g2y NE =3
Sgr—pgN ” = 4mr prdt’ Snu—3nrcpfl

dr .
o iIs from heat transfer

fog particle temperature: Tf =T,

fog particle temperature by capillarity effect:

Te
Tf =T, — Tsc?




d THAI HR-14 test
O PAR (passive auto-catalytic recombiner) test

» Surface reaction mechanism: H, + %02 - H,0 + Q

» Condensation of PAR exhaust steam

Time: 780s
60

[ 50
R 40 ~
30 g
I: 20T
[ 10
00

400
2000
$L| PAl I—
II Ring feed line for hydrogen
i e (dia. 1500) with 56 holes of
e F 3 mm dia.at level H = 1260




Pressure [bar]

i l -

_*Test case for steam condensation (2)

d THAI HR-14 test

2.0

=
©

=
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=
~

-
o

=
(8

—=
~

=
w

—— calc. w/o condensation
---- calc. with condensation

O exp.

5000

10000

15000 20000 25000

Time [s]

H2 (vol%)
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Solver

interFoam
interlsoFoam
interPhaseChangeFoam

interCondensatingEvaporatingFoa
m

cavitatingFoam

compressibleInterFoam

MPPICInterFoam
multiphaselnterFoam
icoReactingMultiphaselnterFoam
compressibleMultiphaselnterFoam
twoPhaseEulerFoam
reactingTwoPhaseEulerFoam
chtMultiRegTwoPhaseEulerFoam
multiphaseEulerFoam
reactingMultiphaseEuler Foam
twoLiquidMixingFoam

driftFluxFoam

approach
VOF

VOF
VOF
VOF

VOF

VOF
VOF

VOF

VOF

VOF

Euler

Euler

Euler

Euler (+VOF)
Euler (+VOF)
Mixture

Mixture

« Phase system

immisciblelncompTwoPhaseMixture
immisciblelncompTwoPhaseMixture
phaseChangeTwoPhaseMixtures

twoPhaseMixtureEThermo

incompressibleTwoPhaseMixture
twoPhaseMixtureThermo
immiscibleIncompTwoPhaseMixture
multiphaseMixture
multiphaselnter/multiphaseSystem
multiphaseMixtureThermo
twoPhaseEuler/twoPhaseSystem
reactingEuler/twoPhaseSystem
reactingEuler/twoPhaseSystem
multiphaseEuler/multiphaseSystem
reactingEuler/multiphaseSystem
incompressibleTwoPhaseMixture

incomTwoPhaselnteractingMixture

‘f'-'phase solvers and their phase systems

. EOS:thermo
Incom:isotherm
Incom:isotherm
Incom:isotherm

Incom:thermal T

Barotropic:isotherm

comp:thermalT

Incom:isotherm
Incom:isotherm
Incom:thermalT:specie
comp:thermalT
comp:thermalE
comp:thermalE:specie
comp:thermalE:specie:cht
comp:thermalE
comp:thermalE:specie
Incom:isotherm

Incom:isotherm



0 VOF solver

= mixtureModel = phaseSystem + phaseModel + phasePair

» twoPhaseMixture: without phasePair

immisciblelncompressible
TwoPhaseMixture

incompressibleTwoPhaselnteracting

Mixture |Cdictionary
twoPhaseMixture incompressibleTwoPhaseMixture ]‘— phaseChangeTwoPhaseMixture T
\\‘ temperaturePhaseChangeTwo
PhaseMixture

constant interfaceH eatR esistance

twoPhaseMixtureThermo thermolncompressibleTwoPhase
Mixture / \

twoPhaseMixtureEThermo

=  multiphaseMixture: with phasePair

|Cdictionary trans portModel psiThermo
multiphaseMixture multiphaseMixture Thermo
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£+~ - _PhaseSystem of VOF/mixture solvers

e
= .
Mixture phase system Used solvers characteristics
twoPhaseMixture - base class to have alphal, alpha2
incompTwoPM twoLiquidMixingFoam 2 const.densities, 2 viscosity models
twoPhaseMixtureThermo compressiblelnterFoam thermal proerties from thermol, thermo2, inheriting inte
rfaceProerties
interface-phenomena: surface-tension
incompTPInteractingMixture driftFluxFoam (Not VOF) mixture of dispersed phasel and continuous phase2, in
terface-transport by mixture viscosity
immisciblelncompTwoPM interFoam, interfaceProperties model, inheriting interfaceProerties
cavitatingFoam interface-phenomena: surface-tension
phaseChangeTwoPM interPhaseChangeFoam pSat (pr-induce phase change),
( surface-tension ) interface-phenomena: volume change
thermolncompTwoPM - const. thermal propertoes

tempPhaseChangeTwoPM interCondensatingEvaporatingFoam  mixture const. thermal propertoes
( surface-tension ) interface-phenomena: volume change

multiphaseMixture multiphaselnterFoam interfacePair for surface-tension
interface-phenomena: surface-tension

multiphaseMixtureThermo compressibleMultiphaselnterFoam interfacePair for surface-tension
interface-phenomena: surface-tension



% PhaseSystem for VOF solvers (2)

[0 PhaseSystem in icoReactingMultiphaselnterFoam

= incompressible multi-phase mixture with interface capturing
» multiphaseSystem: phaseModel table, phasePair table
= mixing rule for mixture density and thermo-physical properties
¢ = z aiPi
" mass, momentum (surface tension), heat transfer at interfaces

= solve alpha equations



PﬁéﬁseSystem and multiphaseSystem

« File location
« multiphaseSystem: reactingEuler/multiphaseSystem/multiphaseSystem

« twoPhaseSystem: reactingEuler/twoPhaseSystem

« twoPhaseSystem: inherit phaseSystem
« contains phasel (phaseModels_[0]) and phase2 (phaseModels_[1])

. member function solve() solves alpha equation

« multiphaseSystem: inherit phaseSystem

« member function solve() solves alpha equations



oPhaseSystem and multiphaseSystem (2)
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-, pﬁéseSystem

« Class to represent a system of phases and model interfacial transfers between them.
« inheriting lodictionary (“phaseProperties”)
« base class of twoPhaseSystem and multiphaseSystem

« member: phaseModelList, phasePairTable, phaseModelPartialL.ist, ...

« twoPhaseSystem
« Class which solves the volume fraction equations for two phase
« inheriting phaseSystem
« includes 2 phaseModels (phasel, phase2)

« object created by “twoPhaseSystem::New(mesh)”

. multiphaseSystem LBy
« Class which solves the volume fraction equations for phases T
« inheriting phaseSystem phaseSystem
« object created by “multiphaseSystem::New(mesh)” / \
ommo olme s s multiphaseSystem twoPhaseSystem




