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INTRODUCTION

The effervescent atomizer was introduced by Prof. Lefebvre1 several years ago. The technology seems promising, although several operation-related issues are known; in particular spray unsteadiness observed under certain operating conditions. Its negative effects are apparent mainly in combustion applications. Spray unsteadiness in regimes with a high gas-to-liquid ratio by mass (GLR) arises due to interaction between a liquid film and high-velocity gas passing down along the central axis of the atomizer mixing chamber2. Unsteadiness appears also in slug flow3 or in transition between bubbly and annular flow4, connected with big changes of the void fraction in the two-phase mixture and the existence of liquid bridges between the gas bubbles flowing through the exit orifice.

Up to now, several methods have been developed to quantify spray unsteadiness. Edvard & Marx’s method5 uses a comparison of the measured interparticle arrival time distribution with a theoretical distribution function modelled as an inhomogeneous Poisson process. This method was employed by Luong & Sojka4 and Fritsching & Heinlein6. An alternative method is based on measurement of two-phase flow pressure fluctuations in the vicinity of the exit orifice3. A simplified relation between pressure fluctuations and liquid flow rate fluctuations at the exit orifice is used. The pressure oscillations based measurement method was also used by Osakabe & Horiki7 and other researchers studying the quality of the gas-liquid mixture. A planar droplet sizing technique, based on combined measurement of Laser Induced Fluorescence intensity and scattered light intensity of spray droplets was used by Domann & Hardalupas8 to quantify the spray unsteadiness. The mean and rms of liquid volume, surface and Sauter Mean diameter (SMD) were used to evaluate the unsteadiness.

In this paper, we applied the Edvard & Marx’s method5 and the method based on pressure fluctuation measurements3 to a simple effervescent atomizer. Light heating oil was atomized, using air as the atomizing medium. Measurements were taken over a wide range of liquid flow rates and air gauge pressures. A set of results obtained for both of the methods is used for comparison as well as for evaluation of operation conditions upon spray unsteadiness.

Atomizer description

A simplified transparent Plexiglas version of an industrial effervescent atomizer as described in Jedelsky & Jicha3 was used for experiments. The liquid enters by a central orifice on top, while the air enters by side orifices and is injected into the liquid, from each side, through a set of 15 holes with 1 mm in diameter. The internal diameter of the aerator is 8 mm and the length of the mixing tube, downstream of the last row of air holes, is 80 mm. The two fluids form a two-phase mixture, flow downstream and exit the atomizer through an orifice to the ambient atmosphere. The exit orifice has a diameter of 2.5 mm and a length of 0.7 mm. The atomizer was studied in a vertical position of the main axis. Air and oil temperature, gauge pressure and flow rates were measured. The experiment and test bench description can be found in Jedelsky & Jicha3.

Spray unsteadiness measurement
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Spray unsteadiness was evaluated by the method developed by Edvard & Marx5. Dantec 1D Phase/Doppler Particle Analyser was used to measure spray properties. More than 30,000 samples were taken in each run. Measurement was carried out at the atomizer axis, 50 mm downstream of the exit orifice. Constant binning of interparticle time histogram was made. Interparticle histograms were calculated and represented starting at some minimum interparticle arrival time to avoid bias effects6. A Chi-square analysis was performed to compare the experimental interparticle time distribution with the theoretical one. The χ2 value was used to represent the spray unsteadiness. As shown in Fig.1, shorter interparticle time gaps occur more frequently then the theoretical model based on inhomogeneous Poisson process predicts. Our results are in accordance with those acquired previously4,6, although our atomizer generally shows a higher level of unsteadiness than atomizers described in previous works.

Two-phase flow unsteadiness measurement
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The two-phase flow unsteadiness evaluation method described in Jedelsky & Jicha3 was applied. The two-phase mixture pressure changes were measured by a small quartz pressure sensor Kistler 601A placed in the mixing channel at a position 10 mm upstream of the exit orifice. A simplified relation between pressure fluctuations and liquid flux changes at the exit orifice was derived, assuming that pressure fluctuations inside the mixing chamber are small with respect to the average pressure. The processes were considered isothermal with constant input fluid flow rates. The relation shows that the liquid flow rate fluctuation is proportional to the time derivative of the pressure fluctuation. Then, for the flow unsteadiness at the exit orifice defined as a ratio of rms of the liquid flow rate 
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The parametrer k depends on the mixing chamber volume, fluid physical properties and the operation conditions. Note that also the experimentally derived equation 
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 yields good results. Here 
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 is the pressure fluctuation rms value and 
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is the mean gauge pressure inside the mixing chamber. The results for the air gauge pressure range 0.1-0.5 MPa are shown in Fig.2. It is apparent that the unsteadiness depends on the operation conditions and also on the two-phase flow pattern inside the mixing chamber.

A comparison of the spray and the two-phase flow unsteadiness
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The results provided by the two methods are compared in Fig.3. There is a good but not a perfect agreement between spray unsteadiness evaluated after Edvard & Marx5 and the two-phase flow unsteadiness evaluated after Jedelsky & Jicha3. The differences in results could be explained by noting that the pressure fluctuations represent an overall unsteadiness, while the unsteadiness calculated from the interparticle arrival time is valid only for a specific location in the spray. It is known that unsteadiness varies also with radial and axial position in the spray4,6.

Conclusions
A comparison of spray unsteadiness results based on pressure fluctuation measurements and results based on interparticle time gap statistical evaluations was made. There is a good correlation between the two methods. An advantage of the method based on pressure fluctuation measurements is that it allows for an overall evaluation of unsteadiness, while the method based on interparticle arrival time provides information on unsteadiness at a point in the spray, so that spatial changes of the spray unsteadiness can be studied. Measurements made for a wide range of liquid flow rates and air gauge pressures show a significant influence of the atomizer operation conditions on the spray unsteadiness.
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Fig.2: Flow unsteadiness for different values of the Air Gauge Pressure and Oil Flow Rate.





Fig.3: Correlation between the spray and two-phase flow unsteadiness.








Fig.2: Flow unsteadiness for different values of the Air Gauge Pressure and Oil Flow Rate.





Fig.1: Comparison of experimentally acquired and theoretical interparticle time distribution. Air Gauge Pressure 0.1MPa, Oil Flow Rate 16ml/s.
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