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This paper deals with the modeling of the phenomenon of a droplet hitting an obstacle. The numerical
model of the multiphase flow is based on the Navier—Stokes differential equations and the finite volume
method. During the numerical analysis, the volume of fluid (VoF) method was used as a free surface
modeling technique. Various shapes of the analyzed solid obstacles were considered in the numerical
model. Two cases of multiphase flows with different surface tensions were analyzed: water—air and
gasoil-air. The results were presented in the form of volumetric fraction graphs.
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1. Introduction

The droplet generation and its impact on the
obstacles is an issue that has several applications
in industry. Most often, modeling of such a phe-
nomenon concerns the chemical or petrochemical
sectors [1]. This process is a complex problem that
can be solved using numerical methods based on
CFD (computational fluid dynamics).

The phenomenon of droplets hitting an asymmet-
ric surface was modeled in [2]. There, a 3D model
was presented in which the surface tension was im-
pelled as a volumetric force acting on the medium in
the region of the free surface. An analysis of the dy-
namics of a water droplet hitting an obstacle made
of Kevlar was performed in [3]. Different velocities
of the falling droplet were investigated as well as the
density of the fluid. The stresses on a flat, Kevlar
plate caused by the collision were also determined.

The study of the impact of the surface temper-
ature, impact velocity, and shape on the droplet
dynamics was presented in [4]. The influence of
normal and tangential velocities as well as the char-
acteristics of the droplet impact regimes on a dry
surface was also discussed. The dynamics of a free
falling water droplet and its phase changes were de-
scribed in [5]. Based on the volume of fluid method
(VoF), the water—air phase interface was monitored.
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An axial-symmetric model was developed in which
the changes of fresh and salt water droplets were
taken into account.

Apart from numerical studies, one can find many
research papers on experimental tests of the droplet
modeling phenomenon or its collision with obsta-
cles. The identification and quantification of the
characteristics of droplets’ impact on metal grids
using the VoF method were presented in [6]. Re-
search was carried out using both numerical and
experimental methods. The influence of surface ten-
sion and liquid viscosity on the adhesive properties
of the droplets was determined. Experimental tests
of droplet dynamics on a flat surface with the use of
microphotography were presented in [7]. Different
phases such as water, ethanol, and tetradecane were
considered. Particular attention was paid to the
influence of surface roughness on the impact dy-
namics. In [8], the characteristics and regularity of
convection processes in the sessile droplet were in-
vestigated. Particle movement caused by capillary
force and liquid convection was analyzed and the
model included surfactant additives.

In this paper, the analysis of the droplet mo-
tion dynamics was performed, which included two
stages: forming and hitting an obstacle. Four cases
differing in the shape of obstacles and the viscosity
of the phases were analyzed.
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2. Methods

The mathematical model of the droplet dynam-
ics was developed on the basis of the Navier—Stokes
differential equations. The mass conservation equa-
tion can be written as [9):

0
Pr + V- (ppvp) = 0. (1)

For an infinitesimal moving fluid element, the en-
ergy equation takes a form:

0
9 (PpEp) +V - (ppvpEp) = =V - (vppy) (2)
+V - (vp,-Tp,)+v, -H,—V-H;, + Hgy,

and the equation of momentum conservation can be
written as:

~Vp, +V . -T, + F,.

(3)
The following symbols are introduced in (1)—(3):
p — the sharp/dispersed phase density, v, — the
flow velocity, p, — the pressure, T, — the devi-
atoric stress tensor, E, — the total energy, F,, —
the tensor of external forces, H;, — the heat flux in
p-phase and Hg, — the heat source. A detailed de-
scription of the mathematical model of the analyzed
problem was included, among others, in [10-15].
The paper presents the process of droplet form-
ing, falling, and hitting against an obstacle. The
numerical model (Fig. 1) was developed using the
VoF method. The analyzed problem concerns the
2D case and the two phases: gasoil-air and water—
air. The mechanical properties are selected, i.e.,

o air (p=1.23 55 1 =179 x107° X&),
o water (p =998 5§ 1 =1.00x 1072 X&),
e gasoil (p =830 X5, ;1 =3.30 x 1073 X&),

0
ot (ppvp) + V- (ppvpvp) =

m37

For the droplet generation process, the user-defined
function was implemented, which allowed to de-
termine the appropriate initial inlet velocity. The
duration of the numerical tests was 80 ps. The
initial conditions were adopted similar to the
study [11]. Surface tension parameters were respec-
tively 0.073 N/m for water—air and 0.036 N/m for
gasoil-air phases. The maximum value of inlet ve-
locity was 11 m/s.

nozzle (distributor)
[gasoil/water]
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e
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tube
[air] .

obstacle

Fig. 1. Model of the analyzed problem.

3. Sample results

Numerical tests were carried out for four cases
differing in the second phase used and the shape
of the obstacle. The influence of the shape of the
obstacle on the dispersion of the falling drop was
analyzed. Numerical simulations were carried out
in the Ansys Fluent software which is based on the
finite volume method. The calculations were made
on the basis of the NITA (Non-Iterative Time Ad-
vancement) solver and Least Square Cell Based for
Spatial Discretization. Due to the small dimensions
of the analyzed domain, the double-precision option
was used.

On the basis of the obtained results of numeri-
cal simulations, it can be concluded that the square
obstacle (Figs. 2 and 3) causes a much larger irregu-
larity in the droplet decomposition than the circular
obstacle (Figs. 4 and 5).

For the circular obstacle, a much larger spread
of the liquid in the horizontal direction is visible.
For the same time (¢ = 60 us), it was noticed
that the water droplet hit the obstacles faster than
the gasoil phase. This is related to liquid viscos-
ity and the formation process of the droplet — in

the case of the gasoil phase, the process is longer.
t=60 ps t=63 us t=70 ys
Volume
o,oo 0.20 050 0.75 1.00 Fraction

Fig. 2.
square obstacle for a specific time.

Volume fraction for water—air phase and

t=60 us t=63 us t=70 us
\Volume
0.00 0.20 050 0.75 1.00 Fraction

Fig. 3. Volume fraction for gasoil-air phase and
square obstacle for a specific time.
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t=60 ps t=63 ps t=70 ps
Volume
0.00 020 0.50 0.75 1.00 Fraction

Fig. 4. Volume fraction for water—air phase and
circular obstacle for a specific time.

t=60 us t=63 us t=70 ps
Volume
0.00 020 050 0.75 1.00 Fraction

Fig. 5. Volume fraction for gasoil-air phase and
circular obstacle for a specific time.

water-air gasoil-air
water-air gasoil-air

Fig. 6. Comparison of the analyzed cases.

For the square obstacle, a very similar nature of the
droplet decomposition was observed for both ana-
lyzed liquids. Analyzing the obtained results, one
can also notice the formation of micro-droplets of
very small diameters during the generation process.
For the gasoil-air phases, four such micro-droplets
were determined, while for the water—air phases,
three of them were noticed. The differences dur-
ing the impact of the droplet hitting obstacles of
various shapes are shown in Fig. 6.
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4. Conclusions

In this work, the dynamics of a liquid droplet
hitting obstacles of various shapes were analyzed.
The problem consisted of three stages: formation,
free fall, and hitting an obstacle. Two liquids were
analyzed as the second phase differing in viscosity
value: water and gasoil. The research was carried
out in the Ansys Fluent program based on the VoF
method and Euler—Euler approach. The analysis
was reduced to the 2D problem. The obstacles were
modeled in two ways: as a square and as a cir-
cle. This made it possible to determine the influ-
ence of the shape of the obstacle on the behavior
of the droplet during an impact. It was found that
the square obstacle causes a much greater distur-
bance during droplet separation. There is a char-
acteristic droplet spread in the horizontal direction.
In the case of a round obstacle, the droplet flows
around it and the spread is much smaller. During
the droplet generation process, the phenomenon of
several micro-droplets formations was also noticed.
The problem presented in this paper will be further
developed by changing the inlet velocity and the
adhesion parameters of the obstacles.
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