Experimental and NUMERICAL study of vaporizing binary droplets
Nicolas Doué*, Christophe Maqua**, Guillaume Castanet**, Yves Biscos*, Fabrice Lemoine**, Gérard Lavergne*, Alain Berlemont ***
* ONERA-DMAE Toulouse Center, 2 avenue Edouard Belin - BP 4025 

31055 Toulouse cedex, France

** LEMTA, CNRS UMR 7563, 2 avenue de la Forêt de Haye – BP 160

54504 Vandoeuvre-les-Nancy, France

*** CORIA – CNRS UMR 6614, Université de Rouen, Site Universitaire du Madrillet - BP 12

76801 Saint Etienne du Rouvray cedex, France
INTRODUCTION

The evolution of droplet size for multi-components droplets have already been studied for low or moderate ambient temperature1-4, but measurements for high ambient temperature are missing. Moreover, the change in the droplet composition does not allow the use of droplet temperature measurement techniques usually applied to single-component droplet5.

This paper proposes a theoretical and experimental study of the evaporation of two-component droplets (ethanol/n-butanol and acetone/ethanol mixtures), injected in a thermal boundary layer or in an overheated airflow. Two colors laser-induced fluorescence, developed originally for single-component droplets temperature measurements (LEMTA, Nancy, France) has been extended for the case of binary mixtures. A full set of experimental data related to droplet size and mean temperature are provided and compared with numerical predictions.

EXPERIMENTAL SETUP

Injection system

A linear monodisperse droplet stream is generated by Rayleigh disintegration of a liquid jet, with the use of a mechanical vibration obtained by a piezoceramic, excited by a square wave. The fuel can be pre-heated in the injector body by means of an external water circulation. All droplets have the same characteristics after the liquid jet break-up. Consequently, the temporal evolution of the droplet properties can be obtained from measurements at several downstream positions. 

A technique of electrostatic deviation of the droplets has been implemented in order to increase the droplets spacing, i.e. the interaction regime, and to reach the case of the single droplet, without changing the droplet diameter.

Evaporation devices

Two different evaporation devices have been used:

· A vertical heated plate is mounted above the electrostatic droplet deviator in order to generate a thermal boundary layer. The droplet stream is generated very closely to the plate at 0.8 mm to the plate surface, where the temperature ranges from 550 K to 900 K.

· A second evaporation set-up consists in injecting the droplet stream in the plume of a hot air generator. The temperature field ranges from 500 K to 800 K.

MEASURING TECHNIQUES 

Non-intrusive techniques have been developed in order to measure simultaneously the droplet size, velocity and temperature.

Droplet diameter measurement

A laser beam is focused on the axis of the stream. A stationary interference pattern is created in the forward direction. According to the Airy-Walker theory6, the angular interfringe is directly related to the droplet size, which can be obtained within 
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1 m.

Droplet mean temperature measurement using three colors laser-induced fluorescence

A two colours laser-induced fluorescence technique was developed originally to measure the mean temperature of single-component droplets, in both evaporation and combustion regime7, 8. The fuel is seeded with a low concentration fluorescent tracer and the radiative emission is induced by a laser excitation tuned on the absorption spectrum of the fluorescent molecule. This technique allows removing the dependency in added tracer concentration, probe volume dimensions, laser intensity and optical layout. It requires two spectral bands for which the temperature sensitivity is highly different. This ratio of the fluorescence signal measured on the two spectral bands of detection appears only temperature dependent. This technique has been extended to the case of a binary mixture and the use of a third spectral band of detection is necessary to take into account the fuel composition changes.
Droplet velocity measurement

The droplet velocity is obtained by shadowgraphy and image processing or by Laser Doppler Anemometry.

Modelling

The modelling used is the discrete components models developed by Sirignano9, which consider each individual species. Two models are used to predict the droplet temperature and composition profiles within the droplet:

· the infinite diffusion model, the temperature and the composition are uniform but time dependent.

· the effective diffusion model, the temperature and composition profiles are spherically-symetric and corrective factors for diffusion coefficients are used to take into account the internal vortex effects.

Comparison between experimental and numerical results

First, the vaporization of single ethanol/n-butanol and acetone/ethanol mixtures in the thermal boundary layer are investigated. The evolution of the diameter measurements fits correctly with the numerical results (Figure 1), but the models predict different behaviors for the droplet temperature and composition.

The mean temperature for interacting acetone/ethanol droplets, vaporizing in the ambient conditions (293K) or in the heated airflow, is compared with numerical predictions of the effective diffusion model. The interaction effects are taken into account by using a correlation involving the droplet spacing10. The results obtained in ambient conditions also fit, while discrepancies appear with the heated airflow (Figure 2).

REFERENCES

1. Gartung K., Arndt St., Roth N., Weigand B., Evaporation of Tetradecane-Hexadecane Mixture Droplets: an Experimental and Theoretical Study, ILASS Europe, Darmstadt, Germany, September 11-13, 2000.

2. Brenn G., Deviprasath L. J., Durst F., "Computations and Experiments on the Evaporation of Multi-Component Droplets", 9th ICLASS, Sorrento, Italy, July 13-17, 2003.

3. Wilms J., Arndt S., Weigand B., Influence of Composition and Ambient Temperature on the Evaporation Rate of Binary Mixture Droplets, 9th ICLASS, Sorrento, Italy, July 13-17, 2003.

4. Chen G., Aggarwal S. K., Experimental Study of Pure and Multicomponent Fuel Droplet Evaporation in a Heated Air flow, Atomization and Sprays, Vol.7, pp. 317-337, 1997.

5. Atthasit A., Biscos Y., Giuliani F. and Lavergne G., Mesure de la temperature des gouttes en evaporation et en combustion par la technique Arc-en-Ciel, Recueil des actes, 9e FluVisu, Rouen, 2001.

6. Walker J.D., Rainbows from Single Drops of Water and Other Liquids, Am. J. Phys., Vol. 44, No 5, pp 421-433, 1976.

7. Lavieille P., Lemoine F., Lavergne G., Lebouché M., Evaporating and Combusting Droplet Temperature Measurements Using Two Colors Laser-Induced Fluorescence, Exp. in Fluids, Vol. 31, pp 45-55, 2001.

8. Lavieille P., Lemoine F., Lebouché M., Experimental Investigation on Interacting Low Evaporating Droplets Temperature in Linear Stream Using Two Colors Laser-Induced Fluorescence, Comb. Sci. Tech, Vol. 174, No 4, pp 117-142, 2002.
9. Sirignano W.A., Fluid Dynamics and Transport of Droplets and Sprays, Cambridge Univ. Pr., 1999.

10. Atthasit A., Doué N., Biscos Y., Lavergne G., Influence of droplet concentration on the dynamics and evaporation of a monodisperse stream of droplets in evaporation regime, Advances in Combustion and Atmospheric Pollution (Semenov Memorial), Torus Press, 2005.

[image: image2.emf]Ethanol 75% / n-butanol 25%

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

0 0.5 1 1.5 2 2.5

t/Dg

0

2

 (s/mm

2

)

(Dg/Dg

0

)

2 

Experiment

Effective Diffusion Model

[image: image3.emf]Ethanol 25% / n-butanol 75%

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

0 0.5 1 1.5 2 2.5

t/Dg

0

2

 (s/mm

2

)

(Dg/Dg

0

)

2 

Experiment

Effective Diffusion Model


Figure 1: evolution of the measured and predicted diameter for ethanol/n-butanol droplets injected in the thermal boundary layer of the heated plate
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Figure 2: evolution of the measured and predicted droplet mean temperature for acetone/ethanol droplets injected in ambient conditions (left) and in the heated airflow (right).
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