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Collisions of liquid droplets and solid particles in a heated gaseous

medium
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The paper presents experimental data on the characteristics of collisions between water suspension droplets and
sand particles in a gaseous medium at different initial temperatures. Typical interaction modes (agglomeration,
separation) were established. The interaction mode map has been drawn taking into account simultaneous
contributions of the inertia, surface tension, and viscosity forces. There were determined conditions for intense
fragmentation of liquid droplets, as well as for stable agglomeration of droplets and particles during which
suspension droplets get formed. The study has shown that an increase in the temperature of the gaseous medium
from 20 to FXOXEC leads to a 30% shift of the boundary between the agglomeration and separation modes towards
lower Weber numbers. This was assumed to occur because of changes in the liquids physical properties (viscosity

decrease by 30%, surface tension decrease by up to 10%).
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Collisions between liquid droplets play an important role
in many engineering and research applications: in the fuel,
chemical, irrigation and food industries [1]. Those collisions
determine key production process parameters, such as
droplet size distribution, degree of mixing, evaporation rate
and heat transfer, which affect the efficiency and reliability
of the processes involved in this phenomenon [2]. Several
modes of collisions between droplets and solid particles
are possible: agglomeration, recoil and destruction [3,4].
Initiation of these modes depends on such factors as droplet
and particle characteristics (size and geometry), properties
of fluids, environmental conditions [S]. An actual task is
formation of particles having the required size, properties
and surface shapes by thermal drying [6]. The method
of thermal drying is performed using slurry reactors in
which the suspension droplets collide with solid particles [7].
The main advantage of this method is the possibility of
obtaining solid particles with the required functional and
properties, such as flowability, behavior in recovery, bulk
density and mechanical stability [8]. There are known results
of studies [3,4] which considered collisions of droplets of
impurity-free liquids, as well as of droplets of solutions,
with regular-shaped particles under normal conditions. In
practice, particles are asymmetric and nonuniform, and
the temperature of their interaction with liquid droplets
is considerably higher than that corresponding to normal
conditions. Papers [7-9] devoted to investigating interaction
between liquid droplets and solid particles in sprays pay
attention mainly to integral parameters (mean size, humid-
ity). This paper presents characteristics of the processes
of droplet/solid particle interaction. The goal of this study
is to determine from experimental results characteristics of

4*

the droplet/particle interaction in the gaseous medium with
varying temperature of the latter.

Fig. 1 presents a schematic diagram of the test bench used
to study droplet/particle collisions in the gaseous medium;
the main interaction characteristics to be measured are also
shown. The droplet/particle collisions were detected using
a highspeed video camera (resolution of 1280 x 1024 px,
shooting speed of 5000 fps, interframe delay of 1/25000s).
Solid particles were fed into the collision chamber by using
a sandblasting gun with a reservoir. Fraction size of sand
particles was below 1 mm. Sand was ground in a rotary mill.
The rotor speed varied from 60 to 20 000 rpm depending
on the fraction desired to be obtained. Ground sand was
sifted with a vibrating screen. To spray the particles, the
sandblasting gun was equipped with a compressor. To vary
the particle motion speed, the compressor was set to the
pressure of 2—6 atm. Liquid droplets were generated with
a booster connected to the compressor. By varying the
pressure from 2 to 6 atm, the droplet motion speed and size
were varied. As the test fluid, a water-sand suspension
was used (95wt% of water, Swt% of sand). This
ratio was chosen taking into account operating conditions
and performance characteristics of the dryers [10]. The
suspension components were mixed in a magnetic mixer
at 950 rpm for 10 min. After that, the suspension was fed
into the reactor. Sand particles had no time to sediment
and remained suspended in droplets. The gaseous medium
temperature varied from 20 to 100°C.

In the course of highspeed video recording, the following
main parameters of the droplet/particle interaction were
fixed: radii of droplets (Rq) and particles (Rp), speeds
of droplets (Ug) and particles (Up), angle between the
dropletsand a particlestrajectories (ag), distance between
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Figure 1. Test bench for measuring characteristics of collisions between the liquid and solid-particle flows. I — video camera, 2 —
projector, 3 — control panel, 4 — thermocouples, 5 — heaters, 6 — feed nozzle for the solid particles, 7 — feed nozzle for the liquid,
8 — compressor feeding the solid particles, 9 — compressor feeding the liquid.
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Figure 2. Photos illustrating collisions of water droplets with a particle in the aerosol flow. a — agglomeration, b — separation.

the particle and droplet centers of mass (). The systematic
measurement errors of the droplet sizes, motion speeds, and
collision angles were 2, 4 and 2%, respectively. Based on
the measurements, the resulting rate of the droplet/particle
interaction Urer = (U§ + U7 — 2 cos(ag)UgUp)*> was calcu-
lated. In the course of analyzing the video records, the
Weber number was calculated as We = 2pRyqU?, /0. Linear
interaction parameter B = b/(Ry + Rp) was also calculated.
Parameter B may vary from zero to unity.

In analyzing the experimental results, two modes of
interaction between the suspension droplets and sand
particles were identified: agglomeration and separation
(Fig. 2). Regularities of these modes are described in
detail in [11]. Realization of the agglomeration mode
was observed at relatively low resulting motion speeds
(below 2m/s). A sand particle settled on a suspension

droplet; no secondary fragments were formed. When the
resulting interaction rate or sizes of droplets and particles
increased, a transition between the agglomeration and
separation modes occurred. In the mode of separation,
formation of secondary fragments took place.

Based on the results of analyzing video records obtained
in the conducted experiments, a conclusion was made that
the droplet/particle size ratio has a decisive effect on the
droplet/particle collision modes and consequences. The
fact was established that the smaller is the initial droplet
size, the smaller is the number of secondary fragments
being formed during collisions. It was found out that
grinding of small droplets needs lower resulting collision
rates. And, vice versa, an increase in the initial droplet size
was accompanied by an increase in the resulting motion
speeds necessary for droplet separation. In line with this,
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Figure 3. A map of the liquid droplet/solid particle collision
modes for different ambient temperatures: 20 (7), 50 (2) and
100°C (3). I — agglomeration, II — separation.
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an increase in the droplet size led to an increase in the
Weber number necessary for the separation mode. This
was because when the droplet was larger than the particle,
and their motion speeds were the same, the droplet pulled
the particle inside itself. As the motion speeds of particles
and droplets increased, their fragmentation was observed. It
was also shown that, when the droplet and particle relative
concentration increased from 2-10~* to 6-10~%, the
probability of the separation mode increased by 10—15%.
This was caused by droplet surface deformation due to
frequent collisions with neighboring particles and droplets.
Each subsequent impact of a particle on such a droplet
resulted in its grinding.

Based on the experimental results, a map of modes of the
suspension droplet/solid sand particle collisions in aerosol
flows was constructed (Fig. 3).

In constructing the mode map, there was used di-
mensionless linear interaction parameter B which enabled
accounting for the droplet and particle radii, as well as the
collision centricity. The Weber number allowed accounting
for the forces of inertia and surface tension, as well as for
contributions of the droplet motion speed and size. What
was also established was that, when the gaseous medium
temperature increased to 100°C, the process of droplet
separation proceeds stably at Weber numbers 20—30%
lower than at the ambient temperature of 20°C. This effect
is associated with the fact that droplets warmed up in
the gaseous medium. When the liquid was heated, the
film surface tension forces decreased, and its destruction
needed lower initial droplet speeds and, hence, lower
interaction energies. Temperatures in the working chamber
were determined with thermocouples and thermal imaging
camera (Fig. 1). The assessment performed showed that
liquid droplets have time to warm up to 40—60°C while
moving from the nozzle to the collision zone. In this case,
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surface tension decreased from 72.69 to 66.37 mN/m, while
viscosity decreased from 1.0 to 0.7mPa-s. Intensification of
the droplet separation was also promoted by the presence
of solid particles in it. A decrease in the liquid surface
tension led to a decrease in the drag force inside the droplet,
which affects the suspension particles. At the moment
of impact, particles ,,broke” the droplet near-surface layers
from inside due to the predominance of inertia forces over
the surface tension forces. An increase in the gaseous
medium temperature reduced also the external drag; the
droplet/particle interaction rates were higher than those
under normal conditions. This effect initiated an increase in
the number of secondary fragments arising during droplet
separation. The experiments have shown that an increase in
the gaseous medium temperature promoted reduction in the
secondary fragment size. This is because of intensification
of phase transitions.

In the range of gaseous temperatures under study, no
vapor buffer zone was observed during collisions between
suspension droplets and solid particles. Paper [12] has
shown that when the gaseous medium temperature in-
creases above 400°C, the buffer vapor zone gets formed
around the droplet. It prevents the droplets from approach-
ing each other and intensifies their repulsion caused by
oppositely directed water-vapor flows from droplet surfaces.
When the gaseous medium temperatures vary in the range
of 20—100°C, the boundaries between the droplet collision
modes shown in the map depend on the influence of
thermal conditions on the properties of fluids.
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