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Abstract. Electrohydrodynamics (EHD) flow is the yield of the corona discharge. Corona discharge characterized by 
electrical phenomena that occur together in a gas medium under the influence of an electric field. In corona 
discharge, the electric field is not homogeneous due to the geometry of the electrode configuration. In this study, a 
pin-multi concentric ring electrode (P-MRE) and pin-single ring electrode (P-SRE) has been used as electrodes 
configuration. The objective of this research is to get the velocity of EHD flow and determining the electrical power 
of the EHD flow. EHD flow generated by a DC high voltage (up to 5 kV). The pin electrode was connected to a 
positive polarity and electrode ring/multi-concentric rings to negative polarity. Based on our result, we make a 
comparison of two types of corona configurations. The results were obtained that, EHD flow velocities with the P-
MRE was greater than the P-SRE for the same distance and voltage. We found that u-P characteristics of EHD flow 
with the P-MRE and P-SRE follow relationship as u ∞ P1/3.

1 Introduction

Electrohydrodynamics (EHD) flow is the yield of corona 
discharge which is characterized by electrical 
phenomena. It occurs together in a gas medium under the 
influence of an electric field that is not homogeneous 
due to the geometry of the electrode configuration. The 
electric field will be very high in the area around the 
active electrode thereby allowing to happen ionization 
and the formation of high-energy electrons in these area. 
Around the active electrode the primer ionization 
process occurs and formed plasma [1]. The plasma 
surrounds part of the active electrode is usually shaped 
tapered so that the plasma resembles a corona [2]

The process of the incandescent corona discharge in an 
electrical field begins with Townsend discharge followed 
by glow discharge or corona discharge and ends with arc 
discharge. A Townsend discharge occurs at lower 
voltages where small number of ionizations occur. While 
at the time of arc discharge, the raised electric current 
very quickly followed by the very drop voltage sharply 
[3].
The prospects of EHD flow in the industry are quite 
large, such as for drug delivery systems that was 
developed by Repanas [4] and Sofokleous [5]. The study 
of EHD flow used as the coolant was carried out by 
Chen [6] and Hosseinloo [7]. The application of EHD as 
a drying apparatus was conducted by Bardy [8], 
Martynenko [9] and Karam [10]. Devices that use corona 
discharge EHD flow has many advantages such as: free 
of mechanical vibration and acoustic noise. In addition, 
the required electric power of EHD corona discharge is 
quite low [11].

2 Research Procedure

Two configurations of the EHD flow generator were 
studied, they were a pin-multi concentric ring (P-MRE) 
and pin-single ring electrode (P-SRE) which was as the 
control of measurement. Pin electrodes made of stainless 
steel sewing needle with a diameter of pointed end 0.09 
mm. Multi concentric ring electrodes consist of 3
concentric ring electrodes are arranged concentrically 
interconnected. The third ring of the electrode 
constituent having diameters in each of 8 mm, 16 mm 
and 24 mm, respectively. In a single ring electrode, the 
diameter was 24 mm. All electrode metal rings have the 
same width and thickness, which were 2 mm. The 
composition of the generating system of EHD flow in 
this study includes P-MRE, P-SRE, (high voltage power, 
set voltage and current measurement tools and a set of 
measuring tools EHD flow velocity). The air can come 
from the top and out of the bottom, as shown in Figure.1

Fig.1.The Composition of a Generating System of the EHD 
Flow

The EHD flow  generated by installing a  high 
voltage DC 10 KV on the electrodes of the corona 
discharge system with a positive polarity on the pin 
electrodes and a negative polarity on the ring/ the multi-
concentric ring. A high-voltage probe 1000: 1 was used 
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to measure the high voltage, which is connected to the 
CRO. The ion current was measured by using a 
multimeter. To Measure the velocity of EHD flow, a  
Hot-Wire Anemometer was  placed perpendicular to the  
pin electrode direction with the distance  was 15 mm. 

This method is the same as the method of our 
previous research. They were a study of EHD flow about 
modeling of electric potential distribution in the zone of 
EHD flow [12], measurement of the velocity of EHD 
flow [13] and determination of ion mobility in the zone 
of EHD flow [14]. 

 
3 Results and Discussion 

3.1 u-V Characteristic of EHD Flow 

Graph of the velocity of EHD flow as a function of 
voltage (u-V characteristic) with various distance 
between the electrodes (d=4, 6, 8, 10, 12 and 14 mm) of 
the electrode pin-multi concentric rings configuration 
(UT) and pin-single ring configuration (US) is shown in 
Figure 2 (a) and (b) 
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Fig.2.  u-V   Characteristics of (a) pin-multi concentric rings 
and (b) pin-single ring electrode configuration 

 
In Figure 2.(a) and (b) it appears that in all of the 

distance between the electrodes (d), the greater the 
applied voltage the greater the velocity of the EHD flow. 
This is because the relationship between the voltage and 
the velocity of the EHD flow is a linear function. In 

accordance with the theoretical formulation by 
Goodenough et al [15] which shows that u ∞ V. 
However, variations in the distance between the 
electrodes (d) at a fixed voltage shows that the greater 
the distance between the electrodes, the smaller the 
velocity of the EHD flow. This happens because the 
electric field strength is a function of the distance 
between the electrodes. The greater the distance between 
the electrodes, the electric field strength is getting 
smaller.  

3.2 The Velocity Comparison of the EHD flow 
 

It is very important to know the comparison between 
the EHD flow velocity for electrode configuration of 
pin-multi concentric rings (uT) with electrode 
configuration of pin-single ring (uS). The EHD flow 
velocity   in pin-multi concentric rings electrodes (uT) 
and in pin-single ring electrode (uS) ratio as a function of 
the distance between the electrodes (d) at various the 
voltages (V) is shown in Figure 3. It is shown that the 
value of ((uT)/(uS)) at all d value is greater than 1 (one). 
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Fig.3. Graph (uT/uS)  function of the distance between the 

electrodes (d) on voltage (V) remain 

It can be concluded that at the same electrodes 
distance d the velocity of EHD flow for uT is greater 
than the velocity of EHD flow for uS at any voltage. 
This is due to the electric flux density in the electrode 
pair of pin-multi concentric rings is greater than that in 
pin-single ring electrode pair. The large electric flux 
density will increase the ion density. The ions move 
towards multi-concentric ring electrodes and collide with 
neutral air molecules with very high collision frequency. 
The momentum transfer of positive ions to molecules of 
gas in the area between the electrodes is very large and 
in turn this will increase the EHD flow velocity. 

3.3 u-P Characteristic of EHD Flow  
Figure 4 shows the graph of u-P characteristics of EHD 
flow in pin-multi concentric rings electrodes and pin-
single ring electrode.  The greater the electric power 
results in the greater velocity of the EHD flow (u) 
produced. This is because the velocity is proporsional to 
P 1/3. This is in accordance with the results of studies 
conducted by Goodenough et al [15] and Komeilia et al 
[16]. The initial electrical power that produced the initial 
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velocity of EHD flow in pin-multi concentric rings 
electrodes configuration is smaller than that in the pin-
single ring electrode. At the same electrical power, eg at 
P = 100 mW, the velocity of EHD flow in pin-multi 
concentric rings electrode configuration will be larger 
than that in the pin-single ring configuration. This is in 
accordance with the u-V characteristics. 
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Fig.4.  u-P  Characteristics of EHD flow in pin-multi 
concentric rings electrodes and  pin-single ring electrodes. 

 
Figure 4.  represents more obvious that uP 1/3. The 

velocity of EHD flow in configuration of pin-multi 
concentric rings uT is always greater than the velocity of 
EHD flow in pin-single ring configuration uS.  The value 
of uT can reach 0.9 m/s for a power of 200 mW, before 
arc discharge which is characterized by extremely high 
currents and the voltage is reduced to be near zero. In the 
uS, the electric power of 100 mW is still possible to be 
applied before reaching the arc discharge to produced 
velocity of EHD flow of 0.7 m/s. 

From the aspect of electric power, the EHD flow 
generator with pin-multi concentric rings configuration 
can be operated with a higher power than pin-single ring 
configuration. This is due to the stability (not easily 
occur arc) of the pin-multi concentric rings. 

4 Conclusion 
 

The velocity of EHD flow as a function of the 
voltage at a certain distance between electrodes showed 
that the EHD flow velocity is proportional to the voltage 
and proportional to P1/3. At the same distance between 
the electrodes, the velocity of EHD flow for pin-multi 
concentric rings is always greater than for pin-single ring 
at any voltages.  
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