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Water is a daily necessity. Due to current circumstances with increasing population and water use, fresh water is
In short supply. However, many areas contain brackish and saltwater resources and energy efficient alternative
water treatment technologies are needed to create fresh water from these potential waster sources. This
research is based on the manipulation of electric fields for enhanced water desalination through water
evaporation. The electric field effect on the water evaporation occurs through the ion wind effect.

Motivation or Background

High voltages ionize air to produce charged ion wind. The ionized air creates increased collisions between air molecules causing an increase in air movement. The increased air movement separates water molecules away
from the liquid water surface before these water molecules can reach an equilibrium with the liquid water molecules. This leads to enhanced water evaporation with energy supplied directly to the air-water interface. Thus,
high voltage causes increased ion wind which increases the rate of evaporation due to the extra charge and air movement with the potential for high energy efficiency.
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Explore an alternative means to separate pure water from salt and brackish water sources
Manipulate high voltage electric fields to provide energy necessary to separate water from salts through

Quantify how an electric voltage separates water molecules through ion wind
Examine how the change in distance between the voltage source and water controls water evaporation

An electric voltage is applied above a CaCO, saturated water surface placed on a digital balance. For each test,

6 V was supplied to an air ionizer to produce an ionization voltage of ~ 8 kV on a 4 mm metal ball and positioned
above the water source. The evaporation rate of water was measured for different distances of the voltage
source to the water surface. The balance displayed the weight of the water which changed with time due to
water evaporation. Environmental conditions and mass data was recorded using LabView software and
analyzed in Excel where slopes of the graphs represented the water evaporation rates. Lastly, there was an
analysis of data to find trends of the ion wind effect.

Results

Shown in Figure 1 are the evaporation data collected for the metal ball placed at 0.3 cm. Shown in Figure 2 are the environmental conditions during the test. Results for evaporation rates for all tests combined are shown in
Figure 3. The results indicate that the evaporation rates were increasing until the metal ball was at 3 cm from the water surface. If the metal ball was moved further than 3 cm, the evaporation rates began a parabolic
decrease. This shows that 3 cm is the max point on the graph which represents an inflection point. Also, distances which were further from 3 cm on both sides of the inflection point, had a steeper slopes. The overall graph
created a parabola showing the evaporation rate for each distance. After analyzing the data and graphs, it was concluded that about 3 cm is the best distance for the highest water evaporation rate for the conditions studied.

The 1on wind effect is created by the high voltage metal ball ionizing the air. This increased air movement results in enhanced water molecule movement away from the water surface. One would expect this to be most
effective when the electric metal ball is close to the water surface. However, for evaporation to occur, air circulation patterns must develop that favor evaporation. When the charged ion wind is close to the water surface,
only air with high water content circulates. Since the air becomes quickly saturated with water, additional water evaporation is minimal. As the ball moves further away from the water surface, more air that is not saturated
with water vapor contacts the water surface and evaporation rates increase. As the ball moves too far away from the water surface, the air circulation ceases. These competing mechanisms causes a parabolic decrease in
the evaporation rate with distance. These results indicate that each electric voltage applied will have an optimal distance between the voltage source and the water surface from where the ion wind effect will be the most
effective and result in the highest evaporation rates.
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Fig. 1 : Data for 6 volts applied to the water surface from a distance of 0.3 cm
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plotted on a graph with a linear trend line for the evaporation rate

Skills and Experience What | Learned

Manipulating electric fields for enhanced water desalination

Measuring water evaporation changes due to changes in distance between the electric source and water
Programming of data collection on LabView into Excel forming equations and graphs
Using different materials to create a cooperative system in which electric voltage is applied to the water

surface

Understanding that water evaporation is occurring and changing rates due to the ion wind effect

Fig. 2. Humidity, temperature, and retentate mass being recorded in LabView
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Fig. 3: Evaporation rates at 6 volts for each separate distance forming a
parabola

An important part of water evaporation is the ion wind effect. The ion wind effect is impacted by
distance. Evaporation rates will increase until the voltage source is at the max distance from the
water surface. Afterwards, the evaporation rates will result in a parabolic decrease. A change In
distance can heavily affect the evaporation of the water, because the ion wind effect will not work as
productively anymore. Each electric voltage has a peak distance between the voltage source and the
water surface from where the ion wind effect will lead to the highest evaporation rates.
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The ion wind effect is one way water can be evaporated. Another way water may be evaporated is the water
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escape liquid water in the form of water vapor. The idea would be to create another cooperative system, but this
one uses the water dipole effect to evaporate water. The analysis of another method of water evaporation may
present a more effective and beneficial way of water evaporation. This can help reach the goal of forming clean

drinking water from brackish and salt water.
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