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This work pertains to dynamic’s modeling of multiphase flows using two models of the Euler-Euler
approach: VOF and Eulerian model. Different phases were treated as interpenetrating domains, and
the theory of volume fraction was introduced. The mathematical model of multiphase flow consists
of Navies-Stokes (NS) differential equations. The finite volume method was used for the numerical
calculations. The droplet falling process was presented to show the differences in analyzed models.
Numerical tests included flow analysis of the following phases: air, gasoil and water. Numerical results
were presented as contours and time-function trend of volume fraction phases.
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1. Introduction

Currently, in nature and industry, many types of
flows are so-called mixture of phases. The physical
approach to the phases of the state is gas, liquid
or solid. However, in multiphase flow systems, this
term is more widely used.

There are two main approaches to investigate
multiphase flow systems in computational fluid dy-
namics (CFD) in the literature. These are Euler-
Euler approach and Euler-Lagrange approach [1–3],
and both can be used inter alia for analysis of
particle dynamics [1] or spray flow represented as
droplet [2, 3]. Due to the complexity of the phe-
nomenon being analyzed, it is often necessary to
combine the two approaches into one. In this case,
the most commonly used method name is “mixed
Euler-Euler/Euler-Lagrange” [4]. In this paper,
the issue of multiphase flow modeling using differ-
ent methods of the Euler-Euler approach was con-
sidered. The typical methods of this approach are:
volume of fluid (VOF) [5], mixture model [6] and
Eulerian model [7]. Work [5] presents a compar-
ison of four distinct approaches of VOF method.
The Coupled Level Set Volume of Fluid (CLSVOF)
framework was used to conduct the evaluation. Ar-
ticle [6] pertains to 2D two-phase flow of gas-liquid
model. The relative velocity and conservation equa-
tions for gas-liquid mixtures were taken into ac-
count. The Godunov finite volume methods were
extended with the use of Slope Limiter Centered
(SLIC) scheme. A new Eulerian model for com-
pressible flow is presented in [7], where an inconsis-
tency of Navier-Stokes equations is shown, taking
into account the viscous and heat properties. Im-
portantly, two models of the Euler-Euler approach
is used to modeling a droplet flow.

In reference to the literature, droplet generation
from the nozzle was studied in [8]. The two pro-
cesses of droplet flow were analyzed: formation
and falling. Numerical analysis was performed us-
ing commercial software ANSYS FLUENT that is
used for mathematical modeling of various kinds of
flow processes [9]. The implementation process and
discretization of the domain are widely described,
among others things, in [10–12]. The results are ob-
tained based on the finite volume method (FVM).

2. Model description

Conservation laws of multiphase fluid flow include
the following equations [13, 14]:

dq

dt
= −q (∇ · u1) , (1)

d(1− q)
dt

= −(1− q) (∇ · u2) , (2)

where q denotes the volume fraction of the
sharp/dispersed phase taking values from 0 to 1.

The mathematical model of the droplet multi-
phase flow falling in horizontal tube presented here
is based on the solution of the following differential
equations [13–17]:
• mass conservation:

∂

∂t
ρq +∇ · (ρquq) = 0, (3)

• momentum conservation:
∂

∂t
(ρquq) +∇ · (ρququq) =

−∇pq +∇ · τq + Fq, (4)
• energy conservation:

∂

∂t
(ρqEq) +∇ · (ρquqEq) = −∇ · (uqpq)

+∇ · (uq · τq) + uq · Fq −∇ · Jiq + JEq, (5)
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where ρ is a density of sharp/dispersed phase q,
uq is a velocity of flow, pq is a pressure, τq is a de-
viatoric stress tensor, Eq is a total energy per unit,
Fq is an external force tensor, Jiq is a heat flux in
q-phase and JEq is a heat source.

The equations listed above (3)–(5) are the basis
for modeling multiphase flows for both turbulent
and laminar flows [14, 15]. In the Euler-Euler ap-
proach presented in this paper, different phases can
be treated as interpenetrating mediums. This ap-
proach introduces the concept of the volume phase
fraction, which depending on the adopted model
and can be represented in various forms. In the vol-
ume of fluid model, the interface between the ana-
lyzed phases is also being tracked. This is achiev-
able [18, 19] by solving

∂q

∂t
+∇ · (qu) = 0. (6)

In the Eulerian model, the volume fraction equation
takes the form [18, 19]:

Vi =

∫
V

qidV, (7)

For both (6) and (7), the algebraic sum of phase
volume fraction is presented in the form:

n∑
i=1

qi = 1. (8)

3. Results and discussion

This work pertains to the comparison of two mod-
els of Euler–Euler approach for multiphase flow phe-
nomenon. Droplet formation and falling were inves-
tigated with the use of VOF and Eulerian model.
The studied problem concerned 2D, transient and
pressure-based solver with gravity acting. The ge-
ometry (Fig. 1) used in this work can be divided
into two domains: the nozzle filled with a secondary
phase and a tube filled with air.

The material properties of the considered phases
are presented in Table I. The analyzed computa-
tional domain was divided into 52,124 finite ele-
ments. User-defined function (UDF), which was for-
mulated based on examples available in the ANSYS
Support Center [20], was used for the droplet for-
mation process. In this procedure, the inlet velocity
condition increased rapidly to values 4.21 m/s and
then decreases to zero after 10 µs. The simulation
tests were run for 100 µs. The simulation model

Fig. 1. Geometry and initial phase distribution in
the analyzed cases.

TABLE IMechanical parameters of the phases.

Phase
Density
ρ [kg/m3]

Viscosity
µ [kg/(m s)]

Gasoil 830 3.3× 10−3

Water 998 1.0× 10−3

Air 1.23 1.79× 10−5

Fig. 2. Droplet formation for: VoF model, water-
air phases.

Fig. 3. Droplet formation for: Eulerian model,
water-air phases.

took into account the surface tensions of the ana-
lyzed fluids, which was 0.073 N/m for water-air case
and 0.036 N/m for gasoil-air example.

Numerical simulations were carried out for four
cases differing in the applied multiphase model and
the type of secondary phase (Figs. 2–4). The ef-
fect of density and viscosity on the size and time
formation of the droplet was analyzed.

Comparing Euler models, it was noticed that in
the Eulerian model (Fig. 3) the droplet has more
irregular edges than in the VOF model (Fig. 2).
It was also observed that droplets in the Eulerian
model generated more slowly.

In subsequent stages, the water phase was re-
placed with a higher viscosity fluid — gasoil. In
both cases, only one drop was found in this case
(Fig. 4 and 5). Droplet formation time is similar
to the previously analyzed water-air phase (Fig. 2
and 3). In this case, however, the dispersed phase
was much larger. Time function trend of volume
fraction phases at a point located in the axis of sym-
metry was presented in Fig. 6. It was noted that in
the fourth case (Fig. 6b), in which the gasoil-air
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Fig. 4. Droplet formation for: VOF model, gasoil-
air phases.

Fig. 5. Droplet formation for: Eulerian model,
gasoil-air phases.

Fig. 6. Time function trend of volume fraction for
(a) water/air (b) gasoil/air phases.

phase flow was analyzed for the Eulerian model,
the volume fraction did not reach the value of 1.
This means that the generated droplet was a mix-
ture of two phases — the total secondary phase was
not achieved.

4. Conclusions

Modeling of multiphase flows using two models
of the Euler-Euler approach: VOF and Eulerian
model was presented in this work. The mathe-
matical model consists of mass, momentum and en-
ergy conservation. The finite volume method was
used for the numerical calculations. The numerical
simulation involved a flow analysis of the following
phases: water-air and gasoil-air. Numerical results
were presented as contours (Figs. 2–5) and time-
function trend (Fig. 6) of volume fraction phases.
Based on the obtained results, it can be concluded
that the VOF model is a more appropriate choice
for the analysis of droplet flow. The analysis also
showed that for liquids with a higher viscosity value,
droplet formation is extended over time. The nu-
merical simulations should be verified through ex-
perimental tests.
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