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Abstract— The needle or nozzle-based electrospinning process has long been explored for
its capability to produce unique nanofiber materials with high surface area and high porosity
while being able to operate at relatively low cost compared to other techniques for the manu-
facture of nano-materials. These materials have the possibility to impact a wide range of
fields such as textiles, filtration, tissue engineering, drug delivery systems, nanocomposites,
and alternative-energy generation systems such as solar cells, fuel cells, and energy storage
devices. However, the production rate of needle-based electrospinning is rather low, which
limits its ability to be industrialized and applied in large scale manufacturing. For this rea-
son, new techniques are being investigated to increase the throughput where jetting occurs off
a free liquid surface without the aid of a needle or nozzle, which we refer to as “free surface
electrospinning.” In free surface electrospinning, jets self-organize along the free liquid sur-
face. We study a system where a wire electrode is rotating horizontally through a charged
polymeric bath, resulting in Taylor cone formation from the entrainment fluid. A correlation
for fluid entrainment is presented to predict estimated limits of productivity. The electric
field of the system is modeled to decouple jetting behavior and the geometry of the system.
The productivity is determined for a range of applied voltages and electrode rotation rates,
and compared to the theoretical limit of liquid entrainment. In addition, scanning electron
micrographs are used to investigate the fiber diameter and distribution of the electrospun
mats.
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