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Characteristics of common industrial process that require process heating and estimated energy use (DOE, 2015).

Reducing drying energy by 20 percent would save 312 TBtu per year in the
United States, worth $1-1.5 billion annually.

Introduction to Drying
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Ref: http://www.thermopedia.com/content/711/
http://www.electronicdrying.com/e_drying
https://en.wikipedia.org/wiki/Dielectric_heating
https://www.esticastresearch.com/report/spray-drying-equipment-market/ 3

Examples of Existing Drying Methods

Disadvantages:

▪ Energy-intensive process

▪ Relatively inefficient

▪ Sample properties may change 
during drying process

Convective Drying Radiative Drying

Dielectric Heating

http://www.thermopedia.com/content/711/
http://www.electronicdrying.com/e_drying
https://en.wikipedia.org/wiki/Dielectric_heating
https://www.esticastresearch.com/report/spray-drying-equipment-market/
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▪ A clean and sustainable process for drying

▪ Interaction between electrical field and fluid flow field 

▪ Coupled electrostatics and momentum equation via body forces

▪ Electric body forces:
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Introduction to Electrohydrodynamic (EHD) Phenomena
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Illustration of DEP Force Phenomenon

▪ Dielectrophoresis is translational motion of
neutral matter caused by polarization effects in
a non-uniform electric field.

▪ Vapor phase with low permittivity will move
toward low electric field.

▪ Liquid with high permittivity will move toward
high electric field.

▪ Thus, extraction of vapor is feasible with DEP.

▪ DEP force is independent of applied potential
polarity.

Dielectrophoresis in non-uniform AC electric field
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Fabrication of DEP Electrode and Experimental Setup
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Fabrication of DEP electrode
Experimental setup for DEP drying study (1. High-voltage 

power supply, 2. Hot plate, 3. Ground electrode, 4. DEP 

electrode, 5. Drying chamber, 6.  Precision microbalance 

scale, and 7. Data acquisition unit)
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Visualization of Surface Temperature and DBMC in the Presence of DEP 
Mechanism  

𝐷𝑟𝑦 𝑏𝑎𝑠𝑖𝑠 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝐷𝐵𝑀𝐶) =
)𝑖𝑛𝑠𝑡𝑎𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟(𝑔

)𝑏𝑜𝑛𝑒 𝑑𝑟𝑖𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒(𝑔
× 100%

Comparison of surface temperature (Left) and DBMC (Right) evolution with hand-sheet 

paper sample 

The sample under DEP drying achieves lower surface temperature and higher drying rate
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Energy Ratio

=
𝐸𝑛ℎ𝑎𝑛𝑐𝑒𝑑 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑖𝑛𝑝𝑢𝑡 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦
=

𝑚1−𝑚2 ∗ℎ𝑓𝑔

0
𝑡
𝑉(𝑡)𝐼(𝑡)𝑑𝑡

𝑚1 : The instant weight of sample under
regular drying (g)
𝑚2: The instant weight of sample under DEP
drying (g)
ℎ𝑓𝑔: Latent heat of evaporation (j/g)

V: Applied voltage (V)
I: Current (A)

The DEP mechanism requires low
electrical power consumption thus
achieves high energy efficiency.

Energy Efficiency of DEP Mechanism
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Voltage and current as a function of drying time with applied potential of 4 kV 

Energy ratio as a function of drying time with applied potential of 4 kV 
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Conclusions

▪ An experimental setup designed and fabricated, basic tests
conducted and analyzed, proof of concept achieved.

▪ In the presence of DEP mechanism, the sample experiences
lower surface temperature and achieves higher drying rate.

▪ The DEP mechanism requires negligible electric energy
consumption and high energy efficiency.
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Impact

▪ The planet is heating up fast due to increasing global
warming.

▪ Reduce energy consumption in drying of moist porous
media.

▪ It is anticipated to save at least 10% of total energy in drying
(0.1 quads) with DEP mechanism in the United States.

▪ Reduce CO2 emission of 687,830,000 kilograms.

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator



For information contact:  cardinfo@dryingresearch.org 

Center Proprietary

Thank you for your time!


