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INTRODUCTION
The characterization of the local temperature of the liquid phase of a polydisperse spray is an important problem in many engineering applications, such as spray combustion, freezing studies or the cooling of hot surfaces by sprays. Furthermore, the droplet temperature averaged per droplet size classes constitutes a new investigation tool in the framework of the validation of the Lagrangian computation codes of flowfields with droplets where heat transfer is involved. 
Optical methods for the measurement of droplet temperatures can roughly be divided into two groups: one group is based on Mie scattering (e.g. global rainbow thermometry1) and the other group consists of the techniques that use the fluorescent properties of a molecule added to the liquid. The exicplex fluorescence has been widely used, but remains limited in its field of application2. The two colors laser-induced fluorescence technique has been successfully applied to mean temperature measurements of single droplets in linear stream, in evaporation and combustion regimes3, 4. This technique allows removing the dependency on tracer concentration, probe volume dimensions, laser intensity and optical layout. It requires two spectral bands for which the temperature sensitivity is highly different. The ratio of the fluorescence signal measured on the two spectral bands of detection depends only on temperature. The present paper is devoted to:

· the extension of this technique to polydisperse sprays 
· its combination with the droplet size measurement by PDA (Particle Dynamic Analyzer) in order to obtain the mean droplet temperature per droplet size class.
DROPLET TEMPERATURE MEASUREMENTS USING THREE COLORS LASER-INDUCED FLUORESCENCE

The situation in polydisperse sprays is complex, since scattering phenomena occur. Two kinds of scattering phenomena can be distinguished: 

· the elastic scattering of the incident laser light, which changes the local distribution of the laser energy, but this effect is overcome by using the fluorescence ratio between the two spectral bands of detection. 

· the scattering of the fluorescence emission itself is more problematic, since the fluorescence emission is scattered according to a wide range of wavelengths. This may change the spectral distribution of the fluorescence intensity in the collection solid angle and subsequently the measured fluorescence ratio, which is used to infer the temperature. This last phenomenon must be properly addressed in order to measure correctly the temperature of the liquid phase in sprays. The effects of the fluorescence scattering on the fluorescence intensity recorded by the photodetector depend on the wavelength and on the spray morphology. In any case, the modification of the number of photons arriving on a particular detector is proportional to the number of photons that would be detected from a reference cell with the same temperature. Hence, the fluorescence scattering effects on the fluorescence intensity received on the photodetector from a particular point of the spray can be taken into account by adding or subtracting a component proportional to the local fluorescence signal. The paper describes a correction method of the fluorescence scattering phenomena, by using a third detection color band. The three spectral bands are differently sensitive to the spectral dispersion of the scattered fluorescence. The first one is little sensitive to temperature, and the two other have similar temperature sensitivities. The use of two fluorescence ratios associated with an initial calibration allows determining the temperature, corrected in real time from the fluorescence scattering effects.
Combined lif and PDA Measurements
The same laser source and emission optics are used to induce the fluorescence of the droplets and for the PDA measurements. Both LIF acquisition chain and PDA are synchronized to the same clock. The two acquisition files (PDA and LIF) are post-processed in order to match the events detected by the two systems and finally the droplet temperature averaged by droplet size classes is calculated. An example of processing of a heated spray is shown in Fig. 1, where two measurement locations on the spray centerline (z= 15 mm and z= 50 mm) are presented. No clear correlation between the droplet size and temperature is visible is such a water spray. 
[image: image1.wmf]38

40

42

44

46

48

50

52

4

12

20

28

36

44

52

60

68

76

Droplet diameter (mm)

Droplet temperature (°C)

z=15 mm

z=45 mm


Fig. 1 : Example of processing of mean droplet temperature per droplet size classes

(Tinjection: 50°C, Tambient: 21°C)
EXPERIMENTAL RESULTS
Preliminary results were obtained on a heated water spray, generated by a mechanical sprayer (mean droplet diameter, about 15 m). The liquid injection temperature was Tinj = 48 °C (ambient, 21°C). A temperature exploration along the spray centerline was carried out downstream of the nozzle (Fig. 2) and a profile at z= 55 mm is presented in Fig. 3. First, it is observable that the temperature at the close vicinity of the nozzle exit corresponds well to the injection temperature. As seen in Fig. 2 and 3, the temperature decreases, even below the ambient temperature, in both downstream and radial directions. The combined effects of the thermal exchanges by forced convection and vaporization are clearly involved in the cooling process. Furthermore, the vaporization is enhanced by the injection temperature, noticeably higher than the room temperature, leading to a higher saturating vapour pressure in the vicinity of the droplet surface. 
Further results, including mean droplet temperature per droplet size class, obtained on an evaporating ethanol spray injected in an overheated air flow (150°C) will be presented.
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Fig. 2: Temperature decrease downstream of the nozzle, for two liquid injection temperatures.
(Tinjetion: 48°C, Tambient: 21°C)
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Fig.3 : Temperature profile at 55 mm from the injection point.
(Tinjetion: 48°C, Tambient: 21°C)
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