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It is known that Electrohydrodynamic Atomization can take many forms [1] [2]. Central to these various
forms is the formation of what is now known as the Taylor Cone [3]. In most of the literature, only the
nozzle is subjected to an electrical potential relative to the grounded needle which is placed directly
below it. We present phenomenological evidence for the spray forms which are produced when an
additional electrical field is applied to the system by a ring electrode that surrounds the nozzle. The two
electrodes are connected to separate high voltage DC power supplies and the electrical potentials are
varied independently. [jsebaert [4] first used the ring electrode at a constant electrical potential to focus
the Electrohydrodynamic Atomization spray.

We have found that, for solvents with conductivities between 1E-9 S/m and 1E-7 S/m, the ring electrode
is able to change the form of the spray in ways that have not been reported before. Without the ring
electrode, increasing the electrical potential of the nozzle from zero to progressively higher values will
change the form of the spray from the Gravity Dripping mode, through the Single Taylor Cone/Single
Jet mode, and finally to the Multiple Cone mode. With the ring electrode in place and with the spray in
the Multiple Cone mode, an increase in the ring potential will cause the spray form to revert back to
Single Taylor Cone/Single Jet mode, and finally to the Gravity Dripping mode. The range of ring
electrical potentials for which the Single Taylor Cone/Single Jet mode is possible depends on parameters
such as the solvent flow rate and the electrical potential applied to the nozzle.

We have shown that the interaction of the two electrical fields associated with the nozzle and the ring
electrode is the main reason for this interesting observation. Simulation has shown that, in the vicinity of
the nozzle where the spray is located, the various voltage settings which result in the formation of the
Single Taylor Cone/Single Jet mode produce similar electrical fields, in both magnitude and form. This
is due to the cancellation of the radial component of the electrical fields from the nozzle electrode and
the ring electrode. So, with the various different voltage settings, we are able to get the Single Taylor
Cone/ Single Jet mode.

Finally, we have also observed the formation of pulsating jets, for which the form corresponds to the
Single Taylor Cone/ Single Jet mode, but the flow is intermittent. The frequency of the pulsation is
above 100/s, the exact value depending on the solution properties and other experimental parameters
such as solvent flow rate and the electrical potentials applied to the electrodes.

The above interesting observations, have, to our best knowledge, not previously been reported in the
literature.
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