influence of the droplet spacing on the drag coefficient and the evaporation rate for a rectilinear droplet stream
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INTRODUCTION

In the frame of the reduction of pollutant emissions of turbojets, research is now oriented on optimizing the injection system used in the combustion chambers. One of the dominant factors is the droplet concentration produced near the outlet of the injector. In fact, the zone of high fuel concentration induces high level of pollutant emission and unburned fuel. Basic experiments and associated techniques are developed at ONERA-DMAE to study the influence of droplet concentration on the turbulent transportation phenomena occurring in evaporation and combustion conditions. First results were obtained during recent studies concerning the effects of droplets interactions on the droplet drag coefficient and burning rate for isothermal and reacting conditions. This paper presents results obtained for a monodisperse droplet stream in the evaporation regime. These experimental results are used to improve the classical isolated models to predict the droplet trajectory and the evaporation rate by taking into account the influence of droplet concentration.

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 (Figure 1). 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

A vertical heated plate is mounted above the electrostatic droplet deviator (Figure 1) 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.

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 theory1, 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

The interaction between the laser beam and the stream also generates in the backward direction a first order rainbow whose position depends on the droplet refractive index, which linearly varies with the temperature.

Droplet velocity measurement

The droplet velocity is obtained by shadowgraphy and image processing. By knowing the droplet spacing and the injection frequency, the local droplet velocity can be determined.

results

A large range of initial distance parameters (the ratio between the inter-droplet distance and the droplet diameter) is explored, from 2.6 to 16. Experimental results are shown in Figure 1 related with the dependence of the droplet drag coefficient and diameter with the spacing parameter C. Two main phases can be distinguished in the evaporation process: heating phase and evaporation phase.

The analysis of the data for high-interaction droplet in evaporation regime revealed that the drag coefficients values (Figure 1) were lower than the case of evaporating single droplets2 due to the wake generated by the forefront droplet in a droplet stream. The drag coefficient profiles are fitted by the new empirical correlation.

The effect of droplet spacing on evaporation rate is introduced by corrective factor η (0< η <1) and shown in Figure 2. A new correlation can be established depending on the distance parameter C to take into account the influence of droplet interactions for classical D² law. By using the same experimental database, a numerical approach with infinite conduction is applied to determine the corrective factors on Sherwood and Nusselt numbers representing the mass and thermal transfers. The results show that both corrective factors for Sherwood and Nusselt have the same value. Moreover these factors are close to η calculated with D² law (Figure 2). The results are also compared to the combustion case of Virepinte3.

The measurements of the droplet mean temperature for high-interacting cooling droplet (C=2.5, initial droplet diameter = 98 µm) are compared to the numerical predictions using these correlations with the effective conduction model. Figure 3 clearly demonstrates that the droplet cooling is strongly affected by the droplet concentration and the use of the corrective factors allows to correctly fit with the experimental results.

The final paper will present the complete results including a detail description of the experimental setup, the physical phenomena modeling for mono-component droplet and all correlations for the vaporizing and reacting regimes in the case of droplets interaction.
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Figure 1: Droplet stream generator (left) and experimental results for the drag coefficients (right) 

[image: image4.emf]0.75

0.8

0.85

0.9

0.95

1

0 2 4 6 8 10 12 14

C=2.6

C=5

C=7.2

C=9.4

C=11.5

C=13.6

C=15.8

t (ms)

(D

d

/D

d0

)

2

Heating

phase

D

2

-law

[image: image5.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

2 4 6 8 10 12 14 16

Reacting droplets (Virepinte)

Vaporizing droplets correlation

Experimental results

Experimental results (infinite conduction)

C

h (D

2

-law)


Figure 2: Temporal evolution of droplet diameter (left) and corrective factor for the D2law and the infinite conduction model (right).
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Figure 3: Temporal evolution of the droplet mean temperature for high-interacting cooling droplets
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