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Similarly, when a clump of particles
comes in contact with a liquid surface the
particles located at its outer periphery are
pulled into the interface by the capillary
force overcoming the cohesive forces which
keep them attached with the clump5-7 (see
Fig. 2). The clump continues to lose
particles from its outer periphery
progressing towards the center. The
detached particles move radially outward
from the clump because of the lateral
interfacial flow that is induced by the newly
adsorbed particles and those that are
subsequently broken apart from the clump.
This process of particles breaking away
from the clump continues until all the
particles have broken away to form a
monolayer of particles on the liquid surface.
The newly-adsorbed particles move
away from the clump, and each other,
because when particles are adsorbed on a
liquid surface they cause a flow on the
interface
away
from
themselves.
Consequently, the initial distance between
particles of the monolayer formed due to the
breakup of a clump is several times the
particle diameter. After the flow on the
interface due to the adsorption of particles
subsides, they cluster under the action of
lateral capillary forces to form monloayers
in which particles touch each other.
A millimeter-sized clump of some
materials can break up and spread on a
liquid surface in a few seconds and thus it
appears that they spread on a liquid surface
spontaneously, just like some drops can
spread on a solid surface. It is worth noting
that the mechanism by which a clump
spreads on a liquid surface is similar to that
by which a pinch of powder sprinkled onto
the liquid surface disperses except that for
the latter the cohesive forces are negligible
and so the powder disperses immediately.

Figure 2. Photographs showing the breakup
a clump of 10-170 μm glass particles on the
corn oil-water interface. The initial size of
the clump was around 1.86 mm. The clump
settled through corn oil to reach the corn oilwater interface and dispersed violently at the
interface.
EXPERIMENTAL SETUP
The setup consisted of a square Petri
dish which was partially filled with
Millipore water (see Fig. 3). The crosssection of Petri dish was 10x10 cm, and the
depth was 1.5 cm. PIV measurements were
performed in a vertical plane (normal to the
camera axis) illuminated by a laser sheet.
The vertical position of the camera was in
line with the water surface, providing an
undistorted view of the volume directly
below the water surface. The test particles
were dropped on the interface in an area
near the intersection of the laser sheet and
the camera axis.

Figure 3. Schematic diagram of the
experimental setup.
A high-speed camera was used to record
the motion of seeding particles visible in the
laser sheet. A Nikon 1 series V1 camera
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Figure 4. Velocity vectors for the streaming
flow induced by a 2 mm test particle 0.67s
after it came in contact with an air-water
interface. The particle was dropped in a
vertical plane illuminated by a thin sheet of
laser light. The velocity vectors of tracer
particles have been superimposed on the
PIV image.
CONCLUSION
When a particle comes in contact with a
fluid-liquid interface the vertical capillary
force pulls it into the interface which gives
rise to a transient streaming flow. The PIV
measurements show that the liquid below a
newly-adsorbed particle rises upwards and
the liquid near the surface moves away from
the particle. The induced flow for a
spherical particle was axisymmetirc about
the vertical line passing through the particle
center. Also, the maximum flow strength is
not established immediately after the
particle comes in contact with the interface,
but builds up over a short time interval. For
a 650 m glass sphere the maximum flow
strength occurred about 0.4 s after the
particle come in contact, and for a 2 mm
sphere after about 1.5 s.
When two or more particles were
simultaneously adsorbed, the streaming flow
was a combination of the flows induced by
the particles individually and so the flow
strength increased with increasing number
of particles. Consequently, the distance
travelled by the particles near the outer
periphery of a cluster sprinkled on a liquid
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surface can be several orders of magnitude
larger than any dimension of the area over
which the particles were sprinkled.
As discussed in Introduction, dispersion
of particles is important in several physical
processes occurring on a water surface, such
as the pollination of hydrophilous plants,
and the transportation and rate of spread of
microbes and viruses on a water surface.
Furthermore, the streaming flow can break
apart agglomerates of particles when they
are adsorbed at a fluid-liquid interface
which is important in various processes in
the pharmaceutical and food industries such
as wet granulation and food processing.
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