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1. M2 Sensor presentation
A2 PHOTONIC SENSORS’ M2 bubbly flow analyzer is dedicated to the measurement of bubble size
and velocity, as well as void fraction.
The core of the system is an optical fiber probe, to be immersed in the flow. The probe is connected
to a portable optoelectronic module, which is itself plugged to a standard computer where the M2
software is installed. The whole system can get up and running in minutes.

Measurement principle:
The velocity of each bubble is measured in a contactless manner when the
bubble gets close enough to the probe tip (less than 100 µm). During this
approach phase, the bubble interface reflects the laser light emitted by the
optical fiber probe and creates an interference phenomenon, the
frequency λ of which is proportional to the bubble velocity UG.
As the bubble gets then pierced by the probe, the time of residence tR of
the probe tip inside the bubble is measured, giving access to the bubble
size.

Due to geometrical reasons, off-centered piercings are inherently discarded,
thus guaranteeing that measured sizes are diameters (±10%). For non-elliptical
bubbles, sizes and velocities are measured only for piercings perpendicular to
the bubble surface.

A2 Photonic Sensors

M2 Bubbly flow application cases v2019-1

Page |3

2. High void fraction flow case
This customer case aims at studying the evolution of the bubble velocity and bubble diameter over a
wide range of void fraction in an airlift reactor.
The M2 probe is placed at a fixed position at the center of the inner tube, close to the top. Initially,
water was filling the whole column, and the liquid level was then progressively lowered in order to
increase the void fraction.
As the liquid level decreases, a “foam cap” appears and is clearly detected in the M2 probe
measurement by a sudden rise of the void fraction, up to 86 %.

This case demonstrates the capability of the M2 sensor to operate in very dense and opaque flows.
The whole void fraction range is covered with the same setup with identical acquisition parameters.
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3. Small scale chemical pilot case
The present case is related to a small scale chemical
pilot column used to study the behavior of a twophase
flow
in
heterogeneous
conditions
representative of the chemical industry, with a
superficial gas velocity Vsg up to 25m.s-1 and a
corresponding void fraction up to 35%.

Experimental setup:

Thanks to the M2 analyzer, the void fraction, bubble velocities
and bubble diameters were accurately measured at the heart of
the column, for 14 gas flow rate conditions. It enabled to
determine the homogenous-to-heterogeneous regime transition
for a superficial gas velocity of around 5 cm/s.
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Column diameter: 40 cm
Column height: 3 m
Probe position:

centered

1 meter deep from the top
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4. Micro-bubble characterization
The case presented herein regards the characterization of bubbles generated by
a commercial Venturi injector for aquarium aeration.
A M2 Doppler probe was set in an aquarium 5 cm away from the nozzle output.
The obtained results show a mean bubble size of 160 µm with a minimum
detected bubble size of 30 µm, shining a light on the capability of the system to
deal with micrometric bubbles.
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