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Abstract 
The evaporation of atomized liquid fuel is one of the key parameters which control combustion process. The 
droplet characteristics are critical information to validate numerical models which describe the dynamics of 
spray. There are several techniques used to extract the geometrical properties of the droplets (i.e. diameter, ve-
locity) but relatively few for the thermal-properties. Global Rainbow Technique (GRT) has been successfully 
used to measure the temperature evolution of N-heptane droplet in a V-flame. By analyzing the global rainbow 
signal the average temperature and size distribution of the droplets can be simultaneously obtained. These pre-
liminary experimental data permit to test numerical evaporation code. However, the interest is also to know the 
location of the fuel droplet relatively to the instantaneous flame front. The flame front is visualized by the fluo-
rescent of OH excited by 10 ns laser pulse. Then the challenge is to extend the GRT to measure the temperature 
in such short time. This paper introduces a GRT based on pulse laser illuminations which permit to record the 
global rainbow images in 10 ns. In complement to the temperature measurement with accuracy of few degrees, 
the possibility to quantify the relative position of the droplets is demonstrated. 

Introduction 
The measurement of the thermal properties of droplets under evaporation is a challenge to improve the com-

bustion efficiency and reduce the pollutant formation. Among other techniques, the GRT, which has been intro-
duced by van Beeck et al [1] and later developed by S. Saengkaew [2], gives the possibility to measure refractive 
index (therefore temperature) and size distribution of droplets in sprays under combustion [3]. However, the 
technique is based on the assumption that the particle under study are randomly oriented and randomly located in 
space. These assumptions are perfectly verified when the measurement time is long (i.e. when a lot of different 
particles cross the control volume without any correlation).  A typical global rainbow setup is based on a con-
tinuous laser illumination and a CCD camera recording. The recording time for one global rainbow image is 
typically equal to 100 ms. Such acquisition times give average results but are not enough time resolved to follow 
fast variation of spray characteristics as in hot turbulent flow, turbulent flames or internal combustion engines. 

Then the extension of GRT to pulse illumination is of interest. This paper presents an extension of GRT 
based on YAG laser pulses with duration typically equal to 10 ns. The particularities of rainbows recorded with a 
pulsed illumination will be presented including the discussion on the accuracy of refractive index and size distri-
bution measurements. Then the possibility to extract the number and relative position of the particles creating the 
rainbow will be introduced. 

Pulsed rainbow signal characteristics and average measurement accuracy 
The most important difference between a global rainbow under continuous illumination and a global rain-

bow under pulsed illumination is the presence of fringe systems. With pulse laser, fringes are created by the in-
terferences between the light scattered by the different particles located in the control volume. For example, fig-
ure 1 compares a global rainbow created by a continuous illumination (figure 1a) and a pulsed illumination (fig-
ure 1b). The figure 1a is characterized by a smooth behavior while figure 1b is characterized by a spotty aspect 
due to the interferences between the light scattered by the particles. In other words, global rainbow signals cre-
ated by a continuous illumination can be simulated by summing the intensity of scattered light while global rain-
bow signals created by a pulsed illumination can be simulated by summing the amplitude of the light scattered. 

In a first part, simulated global rainbow images created with a pulsed illumination will be processed to quan-
tify the accuracy of average refractive index and of the size distribution measurements. Then experimental rain-
bows obtained on a cloud of mono-dispersed droplets injected in a flame will be processed. The results will be 
discussed. 
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In a second part, the number and relative position of the droplets will be extracted from the same images. To 
reach this aim a devoted processing will be introduced. 
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Figure 1. Comparison between global rainbows recorded under continuous illumination (a) and pulsed 
illumination (b) 

Associated Fourier plane analysis 
The discontinue aspect of figure 1b is due to the interferences between light scattered by the particles located 

in the control volume. Two particles will give one interferences systems, three particles give three interferences 
systems, four particles give six interferences systems, etc,. The meaning is that the number of interferences sys-
tems is directly related to the number of particles. Then a Fourier analysis will extract these interferences sys-
tems. This is exemplified in figure 2 which compares the physical images (on the top) with the associated Fou-
rier images (at the bottom) with the number of particles as a parameter. 

In our presentation at ILASS Europe 2010, the behavior of such associated images will be explained with 
computed images as a support. Then the processing of real images will be carried out. The physical meaning of 
the observed behavior will be discussed. 

        

          

Figure 2. Comparison between physical images (top) and the associated images in the Fourier space (bottom). 
The parameter is the number of particles in the control volume which is equal to 1, 2, 3, 5 and 10 from left to 

right 
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