On the Droplet Formation Process in Electrohydrodynamic
Atomization

Liang Kuang LIM*, Jingwei XIE? Jinsong HUA?, Chi-Hwa WANG'?*, Kenneth A. SMITH"*

! MEBCS Program, Singapore-MIT Alliance, 4 Engineering Drive 3, 117576, Singapore, Singapore.
2 Department of Chemical and Biomolecular Engineering, National University of Singapore, 4 Engineering
Drive 4, Singapore, 117576, Singapore.
*Fluid Dynamics, Institute of High Performance Computing, 1 Science Park Road #01-01, The Capricorn,
Singapore Science Park I1, Singapore, Singapore, 117528, Singapore.
* Department of Chemical Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139.

Abstract—A novel method of using a
secondary electrical field source to
control both the spray mode and the
droplet size in the electrohydrodynamic
atomization process is presented. Size of
particles fabricated using the
electrohydrodynamic atomization
process can also be controlled using the
same method. To further understand
the electrohydrodynamic atomization
process and the effect of a secondary
electrical field source, a Front
Tracking/Finite Difference method was
employed for the Computational Fluid
Dynamic Simulation of the
Electrohydrodynamic Atomization
process. To take into account of the
electrical stresses, the Maxwell Stress
tensor was included in the Navier-
Stokes equation. Special care was taken
to accurately include a secondary
electrical field source. The formation of
the Taylor Cone, jet and liquid droplets
was  successfully  simulated. The
simulated results were compared to the
experimental results and the
comparison was found to be reasonable
when empirically determined charge
density on the surface of the liquid was
used as a simulation input.



