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Abstract

Multiphase fluid flows occur when two or more fluids that could not be
able to mix (such as air and water) find an interface. Multiphase flows
can be categorized to single component multiphase fluids, e.g., water and
vapor, and multi-component multiphase fluids such as oil-water mixture
in porous media. These multiphase flow modeling methods that are
divided into microscopic, mesoscopic and macroscopic approaches have
been the major focus of this review paper by emphasizing on the methods
of population balance model, level set, phase field, lattice boltzmann, size
exclusion, front-tracking, and volume of fluid. As result of this study, it
could be mentioned that the front-tracking and phase field methods could
be accounted as methods with high accuracy and that level set and
volume of fluid methods are conceptually simple, while the phase field
methods are struggling with complex computational analysis. Achieving
to the numerical instability like what happens to the lattice Boltzmann
method is more probable than phase field and volume of fluid method.
Less time is the main advantage of the lattice Boltzmann method while
the population balance method is suffering from long time of analysis.
Finally, selection of an appropriate methods most be excuted based on
concept of problem, time, cost and accuracy of considering systems.
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Figure 1: Schematic plot of suspended particle in porous media. (b) Particle in a large pore, (b) Pass and capture [5].
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Figure 2. Concentration of pores with different sizes [S].
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Table 1. Overview of the weighting coefficients and
sound speeds [3].
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Figure 7. Overview of LBM, connecting engineering,
mathematics and physics [27].
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Table 2. Comparison of Lattice Boltzmann multiphase
models [3].

. Convenient
Maximum .
densit to specify Effici A
en:‘-I y Wetting iciency ccuracy
ratio .
condition?
. Not so
RK 10 Yes .. Accurate
efficient
SC Very Less
10° Yes -
SCMP efficient accurate
SC Very Less
1 Yes ..
MCMP efficient accurate
No, densit
k y Not so
FE 10 gradient " Accurate
. efficient
required
HCZ 10 Yes Efficient Accurate
No, density
Lee- 3 . -
Lin 10 gradient Efficient Accurate
required
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Table 3. Comparison of advantages and disadvantages of different modeling methods [11].

Advantages

Disadvantages

Front-tracking
(FT)

Level set

Volume of fluid
(VOF)

Phase field

Lattice
boltzmann

Population
balance model

Size exclusion

Extremely accurate
Robust
Accounts for substantial topology
changes in interface

Conceptually simple Easy to implement

Relatively simple and accurate
Easily adaptable to boundary fitted grids
Merging and breakage of interface occurs

automatically

High capability in showing transport
phenomena
Ability to find the interface between three
immiscible and incompressible phases
Extremely accurate

Perform all collisions in the simulation in
one time step
Low run time
No numerical instability
Easy to implement
Automatically maintains sharp interfaces,
and explicit interface tracking is not needed

Accurate
No need for assumptions

Suitable for modeling preformed particle
gels

Mapping of interface mesh onto Eulerian mesh Dynamic
re-meshing required
Merging and breakage of interfaces requires
sub-grid model

Limited accuracy
Loss of mass (volume)

Numerically diffusive
Limited accuracy
Extension to boundary fitted grids very difficult

Has large gradients that must be resolved computationally
Thinness of interfacial layers
Explicit discretization leads to numerical instability.
Complexity in computational analysis

The flow velosity cannot be high.

Weakness in modeling gas-liquid multiphase flows with
density difference or high viscosity difference between
phases.

Weakness in simulating streams with high Mach numbers.
Weakness in modeling geometry with curved boundary.

Requires a lot of input data
Time-consuming

Cavernous occlusion
Consider many hypotheses
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Water-phase Velocity Vi
Accesible Velocity Vu fa
Porosity @
Accesible Porocity Pq
Viscosity v
Volume Fraction y (16)
Control Parameter on surface
Thickness € (20)
Curvature K
(23)
Contact Surface Unit Vector
Pressure p (27)
Viscosity n
Fluid Balk Energy (29)
System Area 0
Microscopic Velosity & (37)
Relaxatoin Time T
Single Component Multiphase
Chan-Chen SC SCMP
Multi  Component  Multiphase
Chan-Chen SC MCMP
Free Energy FE
&l
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