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Abstract: Keeping the temperature within safe limits and overcoming the component failures are
highly dependent upon heat dissipation in electronic devices. Temperature reduction is a critical
factor to be improved in electronic devices due to their compactness in size. Here, a nail-to-cylinder
ionic wind generator was constructed for heat reduction. Ionic wind generation represents a new
type of cooling for electronic devices. We measured the discharge current and ionic wind speed
for various electrode temperatures, electrode distances, and applied voltages. The electrode space
and voltage were changed under different conditions; ionic wind velocity was examined within
the device. According to the experiments, the installed ionic wind generators represent an effective
method of cooling for electronic devices. The experimental results showed that an electrode space of
10.0 mm, a diameter of 25.4 mm, and a voltage of 5 kV led to the maximum ionic wind velocity.

Keywords: passive temperature excursion; nail-to-cylinder design; ionic wind velocity and corona
discharge; electronic devices

1. Introduction

Ionic wind has the potential to develop electro-hydrodynamic thrusters, plasma
actuators, and cooling devices. Ionic wind generators can be used to cool small electronic
devices in addition to their motionlessness, silence, and compactness. Estimating the
mechanical forces produced by the discharge has been a key focus in the development of
ionic wind applications. Thermal management and flow control are potential applications
of the nail-to-cylinder-type generators [1]. Our high performance could be achieved
by combining multiple generators and exploiting the high permeability of the collector
electrodes. The application of ionic wind generation cooling has been restricted because of
unresolved parameters [2]. There are several parameters to consider, such as the highest
possible wind speed, the lowest possible operational voltage, the lowest possible ozone
generation, electrode degradation, and the best electrode geometry [3]. Curved electrode
tips, semicircular contours to collect electrons [4], and a high-curvature electrode tip for
corona discharge have all been proposed in recent studies as ways to reduce voltage
requirements [5]. In recent years, more research has been conducted on the use of ionic
wind to cool electronic devices.

2. Experimental Setup

Figure 1 depicts an ionic wind generator with a nail-to-cylinder design. Copper nails
with 0.7 mm diameters and copper tubes with 1.4 mm diameters were used to make the
collection electrode and the electrode for the collectors [6]. The distance between electrodes
in this experiment was manually adjusted on a platform where each electrode was attached.
A DC power supply was used to measure the voltage and discharge current flowing
between the electrodes. Diameter, D, length, L, voltage, V, between electrodes, and distance,
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G, between electrodes all have a direct impact on the speed of ionic wind [7]. A range of
5 kV to 10 kV and interelectrode space of −10 mm to 20 mm was used to test cylinder
electrodes with diameters 25.4 mm and lengths of 10 mm, 30 mm, and 50 mm [8]. A
negative reading meant that the needle electrode had been successfully inserted in series
with the cylinder electrode. Measurements were taken in accordance with the procedure
outlined below [8]. A 20 s period of operation was required after turning on the power to
stabilize the ionic wind flow. Analysis of the average values was conducted for each of the
three measurements involving the same control parameters (Table 1).
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Figure 1. Actual view of the experimental setup.

Table 1. Experiments were conducted with the following input parameters.

Parameters Test Values Unit

Voltages applied (V) 5, 6, 7, 8, 9, 10 kV
Electrode distances (G) −10, −5, 0, 5, 10, 15, 20 mm

Cylinder electrode lengths (L) 10, 20, 30 mm
Cylinder electrode diameters (D) 25.4 mm

3. Results and Discussion
Experimental Results Validation

The motivation to select these parameters was that voltage and discharge current
could be changed by manipulating the flow of speed, “U”, the geometrical configuration,
“G”, and the diameter, “D”, and by modifying L. As voltages were applied to this device,
the ionic wind speed changed from -10 mm to 20 mm with a length value of 30 mm and a
diameter of 25.4 mm, as presented in Figure 2a. Figure 2a presents the best results obtained
for an available distance (G) between the electrodes, by increasing the applied voltage
value and the velocity. By increasing the applied voltage (V), the electric field (E) increased;
thus, velocity increased by increasing the voltage applied. Maximum wind velocity was
achieved at an electrode distance between 5 mm and 10 mm. The maximum ionic wind
velocity was achieved with a ratio of interelectrode distance to cylindrical diameter (G/D
ratio) ranges between 0.3 and 0.5 mm.
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Figure 2. The relationships between applied voltage (V), interelectrode space (G), and ionic wind
velocity (U). (a) Experimental results (b) Literature results.

The output extracted results presented in Figure 2a were validated with the experi-
mental results from Longnan Li [9] displayed in Figure 2b. The presented results show the
best validation through comparisons with experimental studies in the literature.

Figure 3 depicts the relationship between current and voltage for an ionic wind
generator. To avoid unstable current behavior, we only evaluated electrode lengths that
are more than or equal to the distance between the electrodes. Additionally, there was no
correlation between the discharge current or other parameters such as the electrode length
or ionic wind velocity in the experiments using 10 mm and 50 mm cylindrical electrodes.
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Figure 3. The discharge current–voltage applied characteristics of the ionic wind generator. (a) Ex-
perimental results (b) Literature results.

Figure 3a presents that while increasing the voltage value, the current increased, and
the current was maximized when the voltage value was 10 kV. These results were obtained
at various distance (G) values between the electrodes and a diameter value of 25.4 mm. For
negative distance values between the electrodes, the current dependency on the electric
potential was unstable; in this case, it was limited to some extent due to the positive distance
(G) value between the electrodes. Using a different cylindrical length electrode, there was
no such dependency observed on the ionic wind velocity for other measurements.

To validate the experimental results, the findings were compared with those of Long-
nan Li, presented in Figure 3b. The obtained results best matched with the results in the
literature, and in this way, the obtained results were validated.

4. Conclusions

The purpose of this study was to investigate the cooling effect of ionic wind which
was developed by nail-to-cylinder electrodes on electronic devices. According to the
experimental results, the ionic wind generator exhibited the following characteristics:
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optimum ionic wind voltage, discharge current, and ionic wind velocity. From this study,
it is considered that a higher voltage applied enhances the strength of ionic wind. If a larger
space between electrodes is used, the ionic wind velocity will be lower for the same applied
voltage. In contrast, a larger space between electrodes (G) can extend the operating voltage
range and generate higher ionic wind velocity. The maximum ionic wind velocity was
achieved with a ratio of interelectrode distance to cylindrical diameter (G/D ratio) ranging
between 0.3 and 0.5 mm. Ionic wind operation voltage increased from 5 kV to 10 kV when
the interelectrode space was increased from -10 mm to 20 mm. It was possible to achieve
the maximum ionic wind velocity when the interelectrode space was 10.0 mm, the diameter
was 25.4 mm, and the applied voltage was 5 kV.
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