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Abstract
The characterization of clouds of droplets under

thermo-chemical evolution is still a challenge which have
an importance for fundamental studies as well as for
industrial applications, as for example in multicomponent
fuels evaporation, CO2 capture by sprays, injection in the
vicinity of critical pressure, flash evaporation, ....

A large number of measurement techniques exist,
based on different physical properties. Limiting us to the
optical techniques, it is possible to sort these techniques as
follows:
 Techniques measuring an individual particle, as for

example Imaging, Phase Doppler Velocimetry, Particle
Image Velocimetry, Holography and then repeat this
measurement to obtain a statistical description of the
discrete phase.
 Techniques measuring an average value on a section

of a cloud, as diffractometry, turbidimetry, global
rainbow refractometry...

These techniques have the following properties:
 The signal is a strong function of the particle size

(d2), strongly limiting the measurement range.
 Any information on the cloud structure is obtained

as the distance between droplets,
 Each particle is measured one time.
 These techniques are limited to geometrical

characterization of the particles, except the rainbow
refractometry which via the refractive index value gives
access to droplet temperature and/or composition.

1 Objectives
In our presentation at LIP 2014, we will present a new
concept of measurement, called Fourier Interferometric
Imaging (FII). This concept is based on the recording of
the interference field created by the light scattered by the
particles located in the control volume and its processing
in the associated 2D FFT space. The approach can be seen
as Holography without reference beam or as holography
where the wave scattered by each particle is the reference
for all other particles.

The concept can be shortly explained as follows:
 The particles located inside the control volume

scatter light towards the detector surface where the light

coming from the different particles interferes. On a pixel
of the camera, the amplitude tA is the sum of the

amplitudes of the light issue from each particle:

1

N

t i
i

A A


 where N is the number of particles in the

control volume.
 The light intensity on the pixel is expressed by:

* *

1 1 1| j i

N N N

t i i i j
i i j

I A A A A
  

     . FII exploits the second term

of this expression. More precisely, the computation of

the 2D FFT of tI permits to isolate the *
i jA A terms. The

main advantages are:
o Each particle is measured N-1 times
o To each couple of particles corresponds a trace. The

trace intensity is proportional to 1 2I I , where 1I and

2I are the scattered intensity by each particles in the

couple.
o The distance between a trace center and the image

center is a direct measurement of the distance between
the two particles.
o From three interacting traces, the scattering function

of each particle can be extracted, and then accurate
processing strategies can be applied to extract key
information as particle size and refractive index (which
gives the temperature or the composition of the
droplet).

The series of images in Figure 1 exemplifies a typical FII
measurement carried out on a line of mono dispersed droplets
of N-heptane, recorded at the rainbow angle. The line of mono-
dispersed N-Heptane droplets is created by a FMP drop
generator. Figure 1-a is the interference field recorded by a CCD
camera located around the rainbow angle. Figure 1-b is the 2D
FFT of the Fig. 1-a. Figure 1-c is the inverse 2D FFT of the central
trace of fig 1-b (the red rectangle) while Fig. 1-d is the inverse 2D
FFT of the first lateral trace of fig 1-b (the blue rectangle).

In our presentation at LIP 2014, the validity of this approach will
be proved numerically and experimentally on a spray of
droplets created by a multi-lines mono-disperse droplets
generator. Figure 2 is a view of such a multi-lines of mono-
dispersed droplets .
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Figure 2 : Three lines of mono-dispersed droplets created by one orifice.
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Figure 1: A typical FII measurement sequence on a line of mono-
dispersed droplets. a) the recorded interference field, b) the associated 2D
FFT, d) the scattering field reconstructed from the central trace, e) the
scattered field reconstructed from the first lateral trace.
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