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Liquid droplet impingement is utilized in a wide range of applications.  Gas injection systems, liquid fire suppression, and spray painting each impact liquid droplets with soft and hard surfaces.  The effectiveness of these applications relies on the characteristics of the droplet impact.  At lower speeds the droplets will deposit on the surface forming a liquid film.  Increasing the velocity will splash the droplets upon impact creating large numbers of secondary droplets.  This regime of droplet impaction is the focus of the present study.


The current droplet impaction research is part of a larger project to design an aerosol sampler to measure the concentrations of pollutants within the atmosphere.  In order to measure these pollutants, the sampler must be attached to the outside of an airplane and flown through clouds.  Since clouds are made of water droplets of sizes between three and thirty micrometers, these droplets will impact the front surface of the sampler body splashing into smaller droplets.  The size distributions of these splashed droplets have to be understood in order to avoid sampling the splashed droplets.  To understand the splashed droplet sizes, an experimental setup has been designed in the lab to impact droplets and measure the splashed sizes.


The experimental setup for this research generates liquid droplets of a specific size and impacts them at a high velocity onto a hard surface.  The droplet will break into smaller droplets whose sizes are measured.  For the experimental setup the droplets are generated by a Vibrating Orifice Aerosol Generator (VOAG) and sprayed downward into an airstream at an impaction surface which is a small, circular metal plate.  Splashed droplets are carried by the air downstream where they are measured by an APS unit which uses lasers to measure the different sizes.  So far work has been completed on the droplet generation system.  After accurate droplet generation is guaranteed, initial experiments can begin to impact these droplets.


The VOAG system has been chosen for these experiments because it can generate monodisperse liquid droplets within the size range required.  The VOAG is designed to generate droplets from one micrometer to roughly two-hundred micrometers depending on the parameters set for the system [1].  Monodisperse is a measure of the extent to which the generated droplets are the same size.  If a set of droplets is monodisperse, the sizes of each individual droplet can be assumed to be the mean size.  This characteristic is important for these experiments because the initial droplet size has to be known to correlate it with the splashed droplet sizes.  While commercial VOAG units are available from TSI [2], we have built our own system based off of TSI components and data available in its manual.  The majority of this summer's work has been on understanding the system and getting reliable, repeatable data from it.


The principle of operation behind the VOAG is to generate a liquid jet and disturb the jet at a specific frequency to break the jet into individual droplets of one size.  The jet is created by pushing liquid through a circular disc with a small orifice in it.  The orifice sizes available are ten, twenty, thirty-five, fifty, and one hundred micrometers in diameter.  Each generates a different diameter jet to generate a different sized droplet.  The liquid jet coming out of the orifice will break up naturally into smaller droplets; however these droplets will be of random sizes.  By applying a disturbance to the flow with a piezoelectric crystal, the jet will break up into droplets of the same size.  A piezoelectric crystal is a material which converts an electrical signal into mechanical motion.  The orifice disc is held within the crystal to disturb the jet.  Figure 1 shows this operation.  The orifice is shown at the top vibrating vertically.  The cylindrical liquid jet is pinched at this point to create unsteady vibrations in the liquid.  This disturbance causes the jet to break into liquid droplets of equal size.
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Figure 1.  VOAG orifice and liquid drop generation

The entire VOAG system is shown as a schematic in figure 2.  The liquid jet is created by the syringe pump pushing liquid through the system as a steady flow rate.  The signal generator creates the electrical signal which is converted by the piezoelectric crystal.  Air, through dispersion and dilution, helps separate the liquid droplets and carry them with the flow through the column and out the aerosol outlet at the top.
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Figure 2.  Schematic of VOAG droplet generation instrument
Since one droplet is formed per disturbance by the piezoelectric crystal, the size of each droplet can be calculated theoretically.
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where Dd is the primary droplet diameter, Q is the flow rate, and f is the frequency of vibration.  Because the liquid flow rate is set for each orifice diameter, only five primary droplet sizes can be created by the five different sized orifices of the VOAG.  However by creating solutions the range of droplet sizes is extended.  The final droplet is created with a liquid which will not evaporate during experiments, such as oleic acid, DOP, or olive oil.  The solution is created with this solute and a solvent of isopropanol which will evaporate in the drying column.  By varying the concentration of solute, the final droplet sizes can be varied to any size afforded by the liquid jet.

Using these principles I have varied the parameters of the system to generate a calibration curve for our system.   Figure 3 shows the curve of data points.  The data is plotted with expected diameter along the x-axis and measured diameter on the y.  The different orifice sizes are able to generate different size ranges of final droplets.  The smaller twenty micrometer orifice can generate droplets smaller than its size, and the thirty-five micrometer orifice can make droplets larger than that.  Combining the results for these two orifice sizes, the linear calibration is created for droplet generation.  The curve however does not lie along the line x = y.  This discrepancy from theory has not been accounted for yet, but as can be seen the data collected is in a predictable pattern which can allow preliminary experimental tests to be run.  For each expected diameter I varied the frequency to make small adjustments in the final size.  The data gathered have given the results needed to get reliable droplets for the experiments to begin.
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Figure 3.  Calibration curve for VOAG

The work which has been completed this summer has been in preparation for the final experimental setup.  Initial work has been completed on the design and building of the experimental setup in hopes of starting preliminary data collection.
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