A Unibed Formulation of the Segregated
Class of Algorithms for Multi-Fluid Flow at
All Speeds
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Governing Equations for Single
Fluid

Momentum Conservation
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Mass Conservation

E;—’t)+V-(,ov)=O

Auxiliary Relations

1= —cp
RT

General Conservation Equation

¢ #)+$o( vA) = $ 7S 4) +Q



Discretized Form

General Conservation Equation
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Pressure Correction Equation
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Solution Algorithm
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Multi-Fluid Flows: Assumptions

¥ Inter-Penetrating Contima fluid (2)

¥ Each Ruid (k) is assumedepent in each contl volume and /
assigned aolume fraction ) equal to the fraction of the

volume of the wlume occupied o o O
¥ Distinct Fieldvariables O S
¥ Each Ruid has itsam beld variableselocity, pressue [P®)],

temperatue[T®)], density | ®]etcE

fluid (1)
¥ | ® = material density of Buid (k) Volume of control cell = !
Volume occupied by fluid (1) = r(1) !
¥ | 0=r(® | W=effective density of RBuid (k) Volume occupied by fluid (2) = r() !
] fluid (2)
¥ \elocitiestemperatue etckE coupled by interphase transfr /,1(2);(2),! @, ...

models br momentum heat etc..
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¥ Simplest mlti-Buid models assume a skdmpressue peld R Q\&

¥ PO=pP2)= E=P &

¥ Common Pessue Field
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Governing Equations

Phasic Mass Conservation Equations
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Discretized Form

General Conservation Equation

(r®1 ) NOTRCRICI S
; P g +) (r00) (0000 g gt n®) (g = 0Qlg 4 L $
o), ) s 7
Ky ky — 1 (k) (k) (k)
aP !P - B, NB + bP
NE(P)
IENOTIOEENG
ays! ng +Dp
(k) — NB(P) — i ®
-’p - () =H[/ ]P
a

Momentum Conservation
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Equations and Variables

For N-Fluid Rav we hae

Equations

! 3NF phasic momentum equations

! NF phasic contiaity

! NF phasic energequation

! 1 Auxiliary Geometric Consevation Relation
! NF density-pessue relation

I Total:6NF+1

Variables
! 3NF \elocity variables/®
[ NF wlume fraction variables®
! NF temperatue variables; ®
! 1 Pressue peldP
NF density peld$®

! Total:6NF+1



Geometric Conservation Based
Algorithm
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Mass Conservation Based Algorithm
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PEA and SINCE for Inter-
Fluid Coublina

PEA decouples the inter-fluid terms in the phasic momentum equations
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In SINCE, phasic and spatial coupling are accounted for in two separate steps
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MCBA: Pressure Correction
Eauation

The global continuity equation written as
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MCBA: Solution Algorithms
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Solution algorithms approximation similar to those of single-fluid




Weighted Pressure
Correction

The pressue correction equation being derd from the global consefation equationthe intention is to
correct the \elocity bPelds so as to devthe global esidual eror, which is equal to the sum of the phasic
residualsto zero i.e. RES@)+ RES® + ..+ RES®" 0
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In the presence of aelatively very high density Buid such thb{>>! K for k#n, the residual eror of the n" Ruid
will be of a magnitude commensurate with thespectie phase densitiye. RES@) is expected to be mch larger
than RES® for k#n.
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Mutual influence of Volume
Fractions

NF-1 volume fractions are computed from the phasic mass conservation equations,

(" = M1

and the last one from the geometric conservation equations

k#n

A drawback of this pocedute is that the wlume fraction beld of gnphase will not be inluenceg b
the wlume fraction Pelds of other phases except when calculatingth#hase

An improvement on the abwe procedure, is to sole all contiity equations to obtain allolume fractions
and then erdrce the geometric consemtion constraint on theesulting vlume fraction values
using the dllowing equation
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Implicit Volume Fraction Equations
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Bounding the Volume Fractions

We still need to guarantee than the volume fraction are bounded individually by 0 and 1, during all stages
of the solution.
An intermediate value of r is calculated, For any intermediate value of r1® > 1-#, $ is modified to the form

MAX(1-r®,% where #and %are set to 0.05 and 10-10,
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With this relaxation factor r®) is now calculated implicitly from:



Conclusions



