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Abstract
An extensional flow involving water-in-oil

emulsification is created in an impinging micro-channel. A
focalised beam of laser light is polarised in the direction of
the channel, and its amount of collected light through the
emulsion is measured. Polarised light is expected to be
more interacting with stretched and elongated droplets.
The obtained mappings of four different flow patterns
confirm the observations of Segre and Silbergerg in
suspensions across micro-channels.

1 Introduction
The laser extinction technique is well known to be

used for solids particles sizing [1] or droplets
characterization in multiphase environment as it is the case
in atomization and spray control [2]. This light-matter
interaction is also used to study the stability of an
emulsion using this technique [3].

In the present work the laser collected light is
applied for a micro-emulsifier system. The studied device
is presented in the form of two micro-channels engraved
on Plexiglas slab which intersect to form a cross. This
configuration shown Fig. 1 allows obtaining one water
inlet, one oil inlet and two outlets for the made emulsion.
Finally, water in oil (w/o) emulsion is produced using
confined impinging jets flow patterns.

2 Materials and methods

2.1 Micro-channel facility
The test facility was designed to study the production

of w/o emulsion, using jets confined in micro-channel
impact is shown in “Figure. 1”.

This facility is equipped with two double-piston pumps
(Armen-APF-100-25-1). The maximum pressure and flow
rate of these pumps are respectively 25 bar and 100
mL/min for water using. Each pump is reserved for
pumping only one liquid to supply to the micro-channel.

To allow very accurate flow measurements, the test
bench is equipped with two weighing scales (Sartorius -
mse2203) with an accuracy of ±10-3 g. The pressure
measurement is ensured by two compact pressure sensors

(Gems-3100). The measuring range for this sensors is
between 0-25 bar with an accuracy of ±0.25% of full scale.

These pressure sensors measure the static and relative
pressure for each of the two mixed liquids (see These
“Figure. 1”).

The studied micro-channel has the water inlet section
(300 x 300 µm) smaller than the oil inlet and emulsion
outlets (600 x 600 µm). The length of channels on all sides
of the crossroads is 20 mm.

2.2 Optical test bench
Optical techniques based on the properties of

scattered light are widely utilized to study disperse
flows [4]. However, these techniques generally require
the knowledge of the optical properties of the liquid
forming the droplets [5]. Laser light scattering,
considered as an in-situ and non-intrusive measurement,
is used for mapping scattered light intensity within
flames of raw fuel and of water-in-oil emulsified fuel
[6, 2]. In the present work, this technique is adapted to
perform a mapping of the water droplets presence, both

Figure 1: Experimental set-up – microchannel
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in the impinging area where emulsification is actually
going on, and in the overall flow pattern.

The experimental set-up is designed to measure the
amount of polarized light collected through the
liquid-liquid flow. It brings a qualitative information
about the different flow patterns since it is a function
of all the encountered droplets in the line of sight.

This optical test bench described in “Table 1”
comprises in order of beam propagation shown Fig. 2
: A red laser diode, a 25% neutral density filter, a
focusing plano-convex lens, the transparent micro-
channel, a de-focusing plano-convex lens and the
photodiode. The photodiode delivers a tension that is
checked to be a linear function of the incoming light
power, using neutral density filters of different
attenuations. The mini-channel is mounted on a base
moving with micrometer screws, allowing a very
precise 2D translation control through the channel.
This allows to obtain a mapping of the collected light
measurement along the channels. The role of the de-
focusing lens shown Fig. 3 must be explained. First, it
increases the beam diameter from less than 150 µm to 3
mm, preventing the photodiode from being damaged.
Secondly, it rejects the beams coming out from the
mini-channel with an angle superior to 5 degrees.
Since the Plexiglas wall of the mini-channel deviates
the light paths by 50% in itself due to a refractive
index near 1.49 [8], the collection angle is actually less
than 2.5 degrees.

Perpendicularity of the beam with respect to the
Plexiglas surfaces was carefully checked, and the
energetic diameter of the beam was measured to be less
than 150 µm. The negligible influence of roughness at
the bottom of the channels (less than 7 % of irradiance)
are checked. The detailed procedure is reported in [9]
with a complete calibration of the collected light
measurement in the central channel using premixed
emulsion flow. , as a function of its water volume
fraction f and mean diameter of droplets Dd. Because

the size parameter α = πDd/λ is greater than 15 in the
present case, the scattering cross section is
approximated as proportional to the squared diameter
of droplet Dd2. Thus, in the case of a constant water
fraction f the irradiance is expressed as It/I0 = e-(C/Dd)
with C constant. And in the case of constant droplet
diameters, the irradiance is expressed as It / I0 = e-C' x f
with C' constant since the total number of droplets is
inversely proportional to the droplet volume, i.e. Dd3.
Experimental calibration consists in fitting
measurements with this exponential behavior [11].
Thus, the collected light results are presented under the
well-known formulation log(It/I0) in the present paper.
A test was conducted at an acquisition frequency of 500
Hz, 1 kHz and 2 kHz to check that the measured signal
does not depend on the acquisition frequency. The co-
polar correlation coefficient ρhv is measured and
found equal to 1.2%, indicating a highly polarized
laser beam. It is expected to be more sensitive to the
stretched and elongated droplets, so the direction of
polarization is always put in the channel direction.

3 Mappings of four different flow patterns

The experiments with the 150 µm laser beam consist in
mapping log(It/I0) all over one half of the impinging
channel and 9 Dh downstream (Dh = 600 µm), to see
where the flow becomes steady. Four experimental cases
labeled as A, B, C and D in Fig. 4 were performed by
varying the fluid and flow parameters, excepted the oil
flow rate that is maintained at 69 ± 7mL/min :

A - is considered as a reference case with a low water
fraction (8.7%wt.), and without addition of SPAN
surfactant or Butanol. The water and oil streams are
impinging in a smooth interface.
B - is a case with a high flow rate of water (15%wt.), where
the flow becomes apparently disordered.
C - is a case with 59 % less interfacial tension using SPAN
surfactant and a higher flow rate of water (12.6%wt.).
D - is a case with 23 % less viscosity, a high water flow
rate (15.38%wt.) and 54 % less interfacial tension because

Figure 3 : Simplified optical diagram.

Figure 2 : Optical test facility for the measurement of
collected light through the transparent micro-channel.
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of 5% wt. addition of Butanol in oil.

To sum up, the four tested cases («Table 2”) are : (A)
Reference case, (B) Faster case with locally disordered
flow structures, (C) Low interfacial tension case, and (D)
Low-viscosity, apparently disordered case. The obtained
mappings can be seen in Fig. 4. . In case (A), the first
striking result is the presence of water droplets crossing
the channel downward the water inlet, and grouped close
to the opposite wall when flowing downstream.

Figure 4 : The liquid/liquid flow patterns, obtained by mapping
the measurement of polirezed light all over the central channel.

In case (B) with a higher water flow rate, the presence of
water droplets is detected on an area twice as large as in
case (A). Although the water to oil superficial velocity
ratio steps from 9.6% to 17.6% from case (A) to (B), the
obtained disperse flow has a more homogeneous

distribution of water in case (B). In case (C) with a lower
interfacial tension, the presence of water droplets is
noticed, as in case (A), close to the opposite wall and
almost no water is detected elsewhere. Comparing to case
(B), the main change is the dramatic decrease in interfacial
tension (-59%). Lastly, the case (D) shows a flow where
water droplets are invading two thirds of the channel
length, and significantly occupying the last third.

To explain that, the Reynolds number in case (D) steps
from 16-19 in the three other cases to a value of 26. This
explains why the water droplets are invading a larger area
across the channel: The inertia effects in the flow become
dominant and move the droplets away from their
equilibrium location observed at a lower Reynolds
number. Following the work of Segre and Silberberg [10]
about suspensions, other authors [11] investigated this
kind of effects in confined channels, using the Reynolds
number as an important criterion. In this extent, the
present emulsions are considered as similar to
suspensions because of a low water fraction.
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