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a b s t r a c t

The necessity of odor sensing has been increasing from environmental and health standpoints. Here, we
propose the novel concept of a small device which can select odor molecules based on electrostatic
spraying. For high selectivity of the target gas or odor, we conducted computational fluid dynamics
coupled with an electrostatic field, as well as measurements by particle image velocimetry and
anemometry. The computational model successfully reproduced characteristic features of ionic wind.
Different trajectories of charged particles were computationally obtained owing to their electrical
mobility. The results imply that different materials might be separated by the arrangement of the col-
lecting electrode.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, with an increase in the quality of life (QOL),
awareness of the ill effects of malodor on the environment or
general well-being has also increased [1e3]. This situation has
resulted in a diversification of the sources of odors, which means
that more various smells have been identified. Especially in public
spaces where many people gather in a closed place, such as res-
taurants, hotels, dormitories, theaters, and public transportation,
people may be more sensitive of the others' smells. The problem of
smells greatly differs by individual, really depending on one's
feeling. There is no absolute index for how bad or good a smell is.
Therefore, it is very important to digitize not only the odor levels,
but also the types of odor, referring to some standard to inform
people of the odor level in an environment by means of simple
equipment.

There are mainly two methods for measurement of the level of

odor. One is by organoleptic examination, i.e., sniffing by humans or
dogs, who are trained to detect a special odor [4e6]. However, the
sensitivity and the selectivity of the method are influenced by
physical conditions, and those trained for such detection easily tire.
Hence, this method is costly and not commonly used. The other
method is detection by equipment. Gas chromatography or mass
spectrometry detects odorous small molecules very selectively and
efficiently without fatigue [7e11]. However, these techniques are
not easy to use for on-site detection because the necessary equip-
ment is large and heavy. It is difficult to make handy-sized equip-
ment with high selectivity of odor components.

Herein, we propose a novel concept for a small device capable of
odor separation based on the principle of electrostatic spraying
[12e14]. In this concept, by cooling the spray electrode in an
electrostatic atomization device, atmospheric moisture condenses
on the surface. Water particles are generated at the tip of the spray
electrode due to electrostatic spraying, and an ionic wind is
generated. A sample of the odor is then blown to the spray elec-
trode. The odorousmolecules are absorbed in thewater particles by
their polarity or charge. The charged water particles are carried for
a long distance by the ionic wind and attracted by a collecting
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electrode at an appropriate location [15]. Odor components are
moved onto the collecting electrode by charged particles, but some
components cannot reach the collecting electrode owing to the
electrical mobility of the charged particles. Consequently, an
appropriate arrangement of electrode locations enables selection of
the odor components.

In this study, a multiphysics coupling a flow field and an electric
field was analyzed computationally. In addition, ionic wind was
experimentally measured by particle image velocimetry (PIV) and
hot-wire anemometry [16]. The computational modeling was then
validated by comparing the computational results and experi-
mental data. Finally, the effect of the location of the collecting
electrode on the trajectories of charged particles was investigated
by computational analysis.

2. Methods

The principle of odor separation using the electrostatic spraying
method is first explained. Then, methods for measurement of the
ionic wind by PIV and hot-wire anemometry and computational
methods for analysis of multiphysics to investigate odor separation
are explained.

2.1. Principles

In the mechanism of electrostatic spraying, liquid water firstly
gathers on the tip of a spray electrode, which is a component of an
electrostatic atomization device, by the capillarity effect or by
cooling of the electrode. When high voltage, normally several ki-
lovolts, is applied to the spray electrode, the electric potential
exponentially decreases toward the counter electrode. If the elec-
tric potential in the vicinity of the spray electrode is sufficiently
strong, the water forms a Taylor cone [12]. Charged particles, the
charge of which varies with the polarity of the electrode, are
formed and sprayed from the tip of the Taylor cone [17]. In the case
of the addition of positive voltage to the spray electrode, the pos-
itive ions generated at the spray electrode travel toward the counter
electrode, whereas the negative ions remain close to the spray
electrode. In this phenomenon, the positive ions transfer mo-
mentum to the neutral molecules via collisions. Thus, the ionic
wind, which is a charged current, appears [18]. The movement of a
charged particle can be considered as a Stokes flow. The electrical
mobility Zp of a charged particle is derived from the balance be-
tween the particle velocity and electric field strength [17]:

Zp ¼ npeCc
3pmDp

; (1)

where np is the number of elemental charge, e is the elementary
charge, m is the gas viscosity, Dp is the mobility diameter of the
nanosize particle, and Cc is the Cunningham slip correction factor.
Equation (1) indicates that not only the diameters of nano-particles
Dp but also the odor components with characteristic charges can be
estimated based on their values of Zp. If the value of Dp is constant,
Zp is determined by the value of np. On the other hand, if np is
constant, Zp is determined by Dp.

In the present concept, the value of Zp is utilized for odor sep-
aration. The odor sample is blown to the spray electrode in the
atomization device. The odorous molecules are absorbed in water
particles, created at the tip of the spray electrode, by their polarity
or charge. By controlling the diameter of the water particles uni-
formly, Zp reflects the charge of the water particles containing
odorous molecules. The charged particles are transported by ionic
wind and collected on the collecting electrode.

2.2. Measurements

An electrostatic atomization device was employed to generate
ionic wind. The device and the electronic control circuit were taken
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Fig. 1. Schematic diagrams of (a) electrostatic atomization device and (b) PIV system.
The electrostatic atomization device was placed in the middle of an acrylic box filled
with smoke, and a laser source produced a green laser sheet for visualizing the ionic
wind. The ionic wind which appeared on the green laser sheet was captured with a
high-speed camera. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 2. Longitudinal cross-sectional view of the four different sample volumes, a body
force being applied to simulate ionic wind on the tip of the spray electrode. Type A, the
width of the body was 0.375 mm; Type B, the height was double that of type A; Type C,
the arc length was double that of type A; and Type D, the shape was the Taylor cone
shape.
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