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ABSTRACT: The induced flow effect is the rotary motion generated in the fluid flow due to the temperature gradient. The phenomenon
of thermophoresis is the movement of particles from the warmer side of the fluid to the cooler side. Laser is a very suitable device for
creating a temperature gradient due to its unique features such as high power density, harmonic waves, single wavelength and very low
divergence. Thermophoresis phenomenon and induced flow have many uses in the transfer of particles and in various fields such as
medicine and industry. In the present work, the phenomena of laser thermal interactions and flows of microparticles were studied.
Thermophoresis phenomenon and induced flow were investigated experimentally using laser. Scale analysis of the migration velocity
caused by the laser thermal effects shows that the induced flow in the fluid has a larger scale in comparison with the thermophoresis
phenomenon. Thus, the focus of the experimental study was on the laser induced flow by the local heat absorption of Rhodamine B
solutions. Review of recent researches show that the idea of Rhodamine B topical absorption to create fluid motion has not been previously
published. Therefore, it is considered as the most important novelty of the present work.
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INTRODUCTION
model for analysis of temperature effect on the
thromophoretic velocity (3). Mast et al. experimentally
accelerated the polymerization process of RNA without
changing the nature of these particle using laser and
thermophoretic phenomenon (4). With regards to the
invulnerability of DNA and RNA molecules due to the use
of lasers and the effect of theromophoresis on the
displacement of these particles, researchers such as Braun et
al, used laser and thermophoretic phenomenon on medical
diagnostics and blood cell separation (5). Regazzetti
experimentally checked and calculated the velocity of
thermophoresis for porous microparticles (6).
Eslamian et al. was among the researchers who developed
McNab model for the thermophoretic velocity in the liquid
environment, that is depending on the type of liquid, thermal
expansion coefficient, thermal conductivity coefficient and
liquid temperature. This study is a further model
development of the correlation that was proposed by
McNab, which calculated the velocity of thermophoresis in
the environment of gases (7). Considering many applications
of thermophoresis, photophoresis and induced flow
phenomenon, and also due to the limited researches done in
this field, especifially in the liquid environment, there is a
need for a closer look at these three effects. Therefore, in this
study, experiments have been designed and carried out to
determine the effect of thermophoresis phenomenon and
induced flow on suspended particles in liquid. Using the
Particle Tracking Velocimetry (PTV) method, the velocity
that created by these two effects has been investigated.

The laser is used in many fields such as medicine,
engineering, and science, due to its unique features such as
high power, uniformity of waves, single wavelength and low
divergence in comparison with other light sources (1). The
effect of laser on the flows containing microparticles is
divided into two sections of thermal effects and
hydrodynamic effects. Thermal effects are divided into three
catagories of thermophoresis, photophoresis and induced
flow. The subject of this research is the studying effect of
thermophoresis and induced flow on flows containing
microparticles. As is shown in Figure 1 schematically, the
thermophoretic phenomenon creates a temperature gradient
in the fluid and particles motion under the applied
temperature gradient (2).

Fig.1. Schematic of thermophoresis phenomenon and suspending
particles’ movement from the hot zone of the liquid to the cool zone

Among researchers who studied the phenomenon of
thromophoresis, Brenner et al. provided an appropriate
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Nomenclature
X
L
u

Ratio of the particle diameter to the inter-particle distance
the inter-particle distance
velocity of particles ×10−4 (m/s)

By performing specific tests and changing parameters
such as the diameter of the laser beam, the particle
concentration and the concentration of Rhodamine B
solutions, their effects has been observed on the velocity of
suspended particles.

D
freq

particle diameter
Subscripts
frequency

shown in Figure 4 (In order to stop the plug, the
outlet valve is closed as soon as the plug has been
formed). In this way, the light absorbent plug is
formed at the beginning of the channel and the
particle-free plug is formed at the ending of the
channel.

EXPERIMENTAL APPARATUS AND TEST
PROCEDURE
The aim of the present study is to investigate the
possibility of transfer of particles along the channel by laser
thermal effects. Experiments have been designed, including
studying the effect of laser beam diameter, Rhodamine B
concentration, and particle concentration on the particulate
velocity.
The experimental apparatus includes the following items:
a mini-channel made of plexiglass, laser with wavelength of
532 nm (in order to create heat in the fluid), microscope for
imaging, a CCD camera for recording Rhodamine B
penetration in a water plug, distilled water (water without
particles), non-absorptive particles, solid particles of
Rhodamine B (fluorescent material) that having a high
absorption coefficient in wavelength of 532 nm and solution
of Rhodamine B in water make it a light absorber, and a
computer for image processing, as depicted in Figure 2.

Fig. 3. Laser light beam adjustment

Fig. 4. Injection of 1cc Rhodamine B solution into the water-filled
channel

6)
The microscope was placed at the
beginning of the channel in a way that laser light
was at maximum intensity (in order to the effect of
the temperature gradient can be observed on
microparticles velocity).
7)
The microscope is focused in the middle
of the channel.
8)
The background light is exposed directly
on the microscope (bright background light for
better particle look).
9)
Grabbing pictures of how the particles
move (in up and side directions of mini-channel).
10)
Rhodamine B was removed from the
channel with an insulin syringe.

Fig. 2. Schematic of test components arrangement

To conduct the tests, the following steps are performed in
sequence:
1) Distilled water plug is injected inside the channel.
2) The laser beam is adjusted into the channel as
shown in Figure 3.
3) The microscope is set to a maximum magnification
of 140 times.
4) Discharging 1cc of water inside the channel by
opening the outlet valve.
5)
One mili-liter of Rhodamine B fluorescent
solution that containing particles of 10µm, with an
insulin syringe was injected into the channel, as
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11)
The channel was washed with
successive water plugs until the channel is suitable
to repeat the test.
To conduct experiments at uniform conditions, a solution
was made that has the same concentration in all experiments.
Also, the particle concentration is low such that the particle
interactions force can be ignored.
Hence, for making the liquid containing microparticles
that the average ratio of the particle diameter to the interparticle distance are 10, the necessary calculations were
carried out with the formula presented by Zabetian et al. (8),
which is given by equation1.

X

L
D

the second stage, by turning off the laser that results in
decelerating particles. As the first data, velocity vectors are
indicated in Figure 6. It can be inferred that the particles have
a rotating motion inside the channel.
By comparing Figure 6 and Figure 7 which shows the
motion of particles in both laser modes (laser-on and laseroff), It can be deduced that the particle velocity is reduced
due to laser-off condition.

(1)

If this ratio is greater than 10, the particle interaction can
be neglected and the particles are considered independent of
each other.
As shown in Figure 5, D is the particle diameter and L is
the inter-particle distance.
To make the fluid with this feature, 0.0699 gr of particles
were suspended in 15cc of water. To dilute it, and with
attention to the impossibility of observing the fluid due to the
high density of particles, For the ratio mentioned to reach
from 10 to 15, each 1cc of this solutions is mixed with 2.357
cc of water.

Fig. 6. Particle motion vectors, in laser-on mode at the beginning of
the channel

Fig. 7. Particle motion vectors, in laser-off mode at the beginning of
the channel

In Figure 8 and Figure 9, the horizontal velocity contours
of the particles are observed in both laser modes (laser-on
and laser-off).
Fig. 5. Suspended particles in fluid with spacing of L

To make a Rhodamine B solution with concentration of

5104 M, the amount of 0.059 gr of Rhodamine B is

dissolved in 250 cc of water. Various amounts of these
solutions can be combined with particle suspension to
perform different experiments.

RESULTS AND DISCUSSION
A test was repeated four times with a basic test settings to
ensure the accuracy of the results. In order to prove the
theory and that the laser radiation can accelerate particles,
each experiment is done in two stage. The first stage, by
turning on the laser that results in accelerating particles, and

Fig. 8. Horizontal velocity contour in laser-on mode at the beginning of
the channel
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Fig. 9. Horizontal velocity contour in laser-off mode at the beginning of
the channel
Fig. 11. Frequency of data in laser-off mode

As are illustrated by Figure 8 and Figure 9, the horizontal
velocity in laser-on mode is more than laser-off mode and
the upper regions of the channel have higher velocity
magnitudes than the lower regions of the channels. As these
figures show, the clockwise circular motion has been created
in the fluid which this movement prevented the particles
from being deposited and also in laser-on mode, almost all
regions have high speed particles. Figure 10 and Figure 11,
show the frequency of particles versus velocity magnitude.
As can be seen, the number of particles at the same velocity
in laser-on mode is more than laser-off mode (e.g. About
150 particles have velocity of 100µm per second in laser-on
mode, while in laser-off mode, this number has decreased to
70 particles).

Fig. 12.The three points are the beginning, the middle and the end of
channel

Table 1
Mean velocity for particles at 3 points at the beginning, middle
and end of the channel
Points
Mean velocity (µm/s)
1
66.9
2
37.9
3
35.6

CONCLUSION
In the present work, the induced flow and thermophoresis
phenomenon was investigated in microparticles by using
laser and it was observed that when the laser light is on, the
horizontal velocity of particles that are moving right is
greater than those which are moving to the left. In laser-on
mode, particles had clockwise circular motion which this
movement prevented the particles from being deposited
while in laser-off mode the particles deposited quickly. Also,
it was found that the number of particles in laser-on mode
and at the same velocity, are significantly higher than the
number of particles in laser-off mode. Finally, in this study,
by comparing the velocity in different position of the
channel, it was concluded that at the beginning of the
channel, the velocity of particles was more than other points
due to the effect of thermophoresis.

Fig. 10. Frequency of data in laser-on mode

In order to compare the thermal effect of the laser on the
particles velocity, at three different channel positions (as
depicted in Figure 12, the mean velocity for particles are
presented in Table 1, that are processed from 10 images in a
second of the experiment.
In this Figure, point No. 1, is located at the position of full
absorption of the laser light. The higher mean velocity for
particles at this point compared with points No. 2 and No. 3,
is due to the effect of thermophoresis.
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