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Analytical modeling of a mechanism for micro-particle measurement and
separation using thermophoresis and photophoresis
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The two thermal effects, thermophoresis and photophoresis phenomena that cause particle movements
Received 31 October 2017 due to thermal gradient through the liquid and thermal gradient through the particle, respectively, have
Accepted 07 December 2017 been widely studied over the past years because of their wide range of applications. This thermal

Available Online 29 December 2017 : . A -
vailable Oniine 29 December gradient can be made by laser beam. There are a few studies concerning these two effects, especially

photophoresis, in liquid media. In this paper, these two effects and their induced velocity to particles are

?ﬁg‘,ﬁ;ﬂi’oresis studied in liquid media. The affecting parameters on these effects are studied and their effect on

Photophoresis particles are determined. Effect of laser parameters like laser power and wavelength in the channel are

Analytical Modeling discussed and the maximum velocity and temperature inside the channel are calculated. Also in the

's-:;:aﬂon photophoresis part, the effect of parameters like laser power, particle and laser beam diameter is
calculated. By considering the existing models for calculation of thermophoretic velocity, Brenner
model is chosen as the most accurate model and will be used in calculations. It is also found that the
effect of laser wavelength on thermophoretic velocity is more than changing laser power. In the
photophoresis part, photophoretic velocity is calculated by using existing analytical models. The
calculated velocities of thermophoresis and photophoresis are compared with the experimental values
and there is an acceptable matching between them. The results of this paper will be used for designing
and making a particle separator tool.
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Fig. 1 Schematic of thermophoresis phenomenon and floating particles’
movement from the hot zone of the liquid to the cool zone
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Fig. 2 Schematic of photophoresis phenomenon and the heating of
particle due to laser radiation and movement of particle away from the
light source
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Table 1 Calculated values of thermal diffusivity using different models
and the experimental values of thermal diffusivity (um?s*K™)
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Table 3 The maximum value of thermophoretic velocity and
temperature inside the channel of particulate flow
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Fig. 4 Flowchart for calculation of the temperature inside the channel,
by starting with calculation of zone 4’s temperature and calculation of
zone 3’s temperature with that, and by using zone 3, 2™ zone’s
temperature and by zone 2, temperature of zone 1 is calculated.
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Fig. 6 Temperature distribution inside the tube, using laser with
wavelength and power (a) 808nm, 2W (b) 808nm, 10W (c) 808nm, 20W
(d) 1064nm, 2W (e) 1064nm, 10W (f) 1064nm, 20W

2 5 oyl 808 (W) pls 5 gse Jsbo L 3 Lawss ) J31s Lo @i 6 S
Ol 2 g 7egilb 1064 (5) s 20 5 gl 808 (z) wlg 10 5 el 808 (o) g
2lg 20 g 4ol 1064 (5) iy 10 4 yiogil 1064 (o)

99

001 (mfs) [e3)))
0.015, Jn.om;
‘ |
i }
E 001 0,006
= |
20.005
= | 0.004
0L
i oo
6\!.4 Y 0.4 06 08 0
iy 0 0 02 X(m)
(m/s) (o)
—
0.06 0.04
§ 10,03
=
= 0.02
0.01
8 1
06 -
0.4 8
2 02 %
#(mm}y 00 X(m)
m/s
(m/s) @)
01, 0.08
é =0.06
% 0.05
£ 0.04
0.
Inx =
' 06, 06 %% I
“o2 02 %4 0
r(mm) 00 A (m)
is
(m/s) )
10.25
0.3,
_ \ 0.2
o b
£ 0.2
z 0.15
= 0l
0.1
0
-
08 1 Woos
2 02
r{mm) 00 X (m) 0
m/s
(m/s) (o)
. 10.8
@
g 0.6
Z
o
0.4
0.2
1
% )2 0
r(mm) 00 X (m)
(m/s)
i (9)
1.4
= 15 1.2
= '
;\_ 0.8
=05
0.6
(I) 0.4
0. !
0.6 06 %8 02
(1.4“2 o5 04 0
r(mm) 00 7 x(m)

Fig. 5 Velocity distribution inside the tube, using laser with wavelength
and power (a) 808nm, 2W (b) 808nm, 10W (c) 808nm, 20W (d) 1064nm,
2W (e) 1064nm, 10W (f) 1064nm, 20W
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Fig. 8 Photophoretic velocity vs. laser power for different particle
diameters
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Fig. 7 Comparison between the calculated values of photophoretic
velocity vs. laser power, for 10 and 15 micrometer particles, and the
experimental values of Xin et al. experiment for laser with 2.8
micrometer beam diameter and 1.55 micrometer wavelength
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