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Abstract—A parametric study of a single needle-to-grid 
EHD air pump, intended for semiconductor cooling 
applications, is being presented in this paper. The effect of the 
distance between the emitter and collector electrodes, as well as 
the radius of the collector's grid wires, is being examined. To 
that end, several experimental EHD pump prototypes have 
been fabricated and their performance has been investigated. 
The experiments demonstrate that this simple and low-cost 
design is capable of producing usable results, depending on the 
space and voltage restrictions of the application, for emitter to 
collector distances greater than 15 mm. 
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I.  Introduction 
Ever since the early 17th century, Niccolo Cabeo 

observed an air flow between two asymmetric high voltage 
electrodes, which was later recorded by Francis 
Haukbsee[1]. Even though the phenomenon was observed 
and recorded, scientists lacked the knowledge to fully 
explain it for centuries, with the first quantitative analysis 
taking place in 1899[2].  

Today, electrohydrodynamic (EHD) effects are accepted 
as the result of a high electric potential difference across a 
pair (emitter – collector) of electrodes having substantially 
different radii of curvature [3, 4]. Such configurations under 
specific conditions may generate ionic wind, which has been 
related to the corona discharge current flowing between a 
high voltage emitter of small dimensions and a large 
collector at zero potential [5].  

Even though the phenomenon has been observed several 
centuries ago, its complexity prevented scientists from fully 
explaining it and exploring its practical potential. Even 

though it is possible to simplify the mathematical problem 
when proper boundary conditions are set, the mathematics 
for solving the problem for more than one practical problem 
have not yet been developed [6]. However, due to the 
advancement of modern computers and computational 
methods capable of solving such problems [7], the interest 
on researching and analyzing the EHD phenomena has been 
resurfaced.  

The recent advancements on the analysis of the EHD 
phenomenon of the past several years have sprung a 
significant interest over the potential practical applications 
the EHD effect, with most of the research taking place being 
particularly focused on thrust [8-12] and fluid pumping 
applications [13-17]. Significant research is also taking 
place regarding the performance of unexplored electrode 
configurations [18, 19] and the optimization of the EHD 
flow characteristics [20, 21].  

In this paper, a parametric analysis of a single needle 
(emitter) to grid (collector) has been performed, with the 
intention of being used as an air pump for active cooling 
applications, such as cooling of high power density 
microelectronic processors. The particular configuration has 
been chosen due to the strong inhomogeneous field which it 
generates and its very simple fabrication process. 

II. Experimental Setup 
A. Electrode geometry 

This study is focused on the performance of a single 
needle to grid configuration, with the needle (emitter) 
always connected to a constant positive potential (high 
voltage) and the grid (collector) permanently connected to 
ground. This configuration creates a very strong 
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inhomogeneous electric field [20, 22, 23], which is vital to 
the generation of EHD flow, since the EHD effect is directly 
connected with the onset of the corona discharges and the 
production of ionic wind [24]. Ionic wind is created as 
charged ions collide with the air molecules and atoms while 
moving from the emitter to the collector, thus transferring 
their momentum and generating an airflow [25, 26]. As this 
configuration is meant to be used in an active cooling 
configuration for a high power density electronic apparatus, 
we fabricated the prototype with an internal diameter D of 
74mm, a feasible replacement for 80mm cooling fans which 
are commonly used in electronic equipment today. A 316L 
steel needle with a tip radius r of 32μm is being used as an 
emitter electrode, while a 316L steel grid with a wire radius 
R of 560μm and a nominal aperture of 61% is being used as 
a collector electrode. Fig. 1 displays a 2D schematic of the 
configuration, where the critical geometrical parameters D, 
d, r and R of the selected electrode configuration is shown. 

 
Fig. 1. 2D schematic of the needle to grid EHD pump configuration 
examined in this paper 

B. Experimental equipment 
The required high voltage for the initiation of the EHD 

phenomena and thus the generation of the ionic wind was 
supplied by an adjustable high voltage power source 
(Matsusada Precision W Series). A Norma LP10 multimeter 
combined with a Coline HV40B 1000:1 high voltage probe 
have been used for measuring the voltage applied to the 
prototypes, with an accuracy of 1%. Current readings 
(corona current) have been acquired by a Thurlby 1503 high 
precision ammeter with 1nA sensitivity. An RTM AM-
4836V Anemometer (2% accuracy)  has been adapted at the 
outlet of the pump, at a fixed distance of 3cm away from the 
grid, for measuring the exit air wind speed and volume. Its 
axis had been aligned with the wind flow direction. The 
experimental setup and measuring equipment which has 
been used for the experimental evaluation of the pump 
prototypes is shown in Fig. 2. 

III. Results and Discussion 
A. Influence of the electrode gap d 

In order to examine the practical effect of the electrode 
gap d, experiments have been performed on gaps between 

5mm and 50mm. At 5mm the generated electric field was 
too uniform and the space between the electrodes too short 
for the EHD phenomenon to expand fully, therefore the 
generated airflow was insignificant and virtually without 
practical application.  

 
Fig. 2. Experimental setup and measuring equipment configuration 

At 50mm, the required high voltage potential to achieve 
workable results was very high, negating the possibility of 
using such a device for immediate practical applications. 
Thus, thorough experiments have been performed with 
electrode gaps of d1=10mm, d2=15mm, d3=20mm, 
d4=25mm, d5=30mm and d6=40mm. Fig. 3 displays the 
corona current of all six configurations, from the point 
where the phenomenon generates workable airflow to the 
breakdown limit of the electrode gap d in each 
configuration. 

 
Fig. 3. Corona current of the single needle EHD pump prototypes for 
different gap distances d 

The efficiency n of the EHD apparatus is being described by 
Eq. 1: 

 
(1) 

Where ρ is the density of the air at the time of the 
experiment, A is the cross surface area of the circular duct, 
U is the wind speed velocity, V is the voltage potential 
applied to the emitter and I is the corona current. During the 
experiments, the temperature was ranging between 22 and 
24°C, the atmospheric pressure was constant at 1014.3 hPa 
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and the relative humidity was ranging between 32% and 
36%. As the breakdown limit is mainly affected by the 
atmospheric pressure and temperature, the operational limits 
of the proposed configurations may be only slightly altered, 
depending on the climatic conditions in the area of the 
application, as can be estimated by the correction factor 
related to air density (Eq. 2)[27, 28]. 

 
(2) 

 Where p0 is the air pressure of standard condition, p is 
the air pressure at test conditions,t0=20°C and t is the 
temperature in °C at test conditions. 

 Fig. 4 displays the efficiency and exit wind speed of the 
first single needle EHD prototype, with an electrode gap of 
10mm. Due to the small electrode gap, the operational 
voltage range is very narrow; therefore, the exit wind speed 
is low but measurable. The efficiency of the apparatus also 
is very low, maxing out at 0.078%. 

 
Fig. 4. Exit wind velocity and efficiency of the prototype EHD pump, 
electrode gap d = 10mm  

When the electrode distance is increased to 15mm, as 
displayed in Fig 5, the operational voltage range becomes 
much wider, which allows for greater wind speeds and safer 
operation.  

 
Fig. 5. Exit wind velocity and efficiency of the prototype EHD pump, 
electrode gap d = 15mm  

Still, the maximum efficiency remains low, at 0.133% 
just before the breakdown limit. The low efficiency however 
also is a derivative of the large diameter of the apparatus. 
According to previous work with a similar configuration 
and a voltage of  about 12kV [20], a needle to grid pump 
with a diameter of 20mm generated an air flow of about 
1.5CFM, while the device described in this study generates 
a flow of 4.1CFM, which is higher.Fig. 6 displays the 
behavior of the EHD prototype with an electrode gap 
distance of 20mm. The operational voltage range increases 
slightly and the exit wind per kV is nearly the same as that 
of the apparatus with an electrode gap distance of 15mm; 
however, the efficiency of the prototype increases 
significantly, especially across the middle of the voltage 
range.  

 
Fig. 6. Exit wind velocity and efficiency of the prototype EHD pump, 
electrode gap d = 20mm  

Increasing the electrode gap to 25mm (Fig. 7) and to 
30mm (Fig. 8) again indicates that the device should be 
capable of producing similar airflow per kV, yet the 
operational range increases and the efficiency improves 
significantly. For instance, when a voltage of 18kV is 
applied to the emitter, the exit wind speed of the prototypes 
with an electrode gap distance between 20mm and 30mm is 
about 0.75m/s; however, the efficiency improves from 
0.155% at 20mm, to 0.195% at 25mm and then to 0.245% at 
30mm.  

 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING Volume 8, 2014

ISSN: 1998-4464 339



Fig. 7. Exit wind velocity and efficiency of the prototype EHD pump, 
electrode gap d = 25mm  

The breakdown voltage of the prototype with an 
electrode gap at 30mm is much higher than 18kV as well, 
meaning that the device is less susceptible to random 
breakdowns under these specific operational conditions. 
According to bibliography [29], over a similar electrode 
distance, a wire to cylinder configuration, a voltage of 14kV 
and a diameter of 20mm an airflow of about 2.1CFM has 
been generated without the aid of a negative corona and 
2.6CFM with a -8kV supportive wire electrode, while the 
simple device described in this paper generates 5.1CFM.  

A further increase of the electrode gap distance to 40mm 
vastly increases the operational voltage range of the 
experimental apparatus, with the breakdown point reaching 
up to 39kV. As Fig. 9 denotes, the experimental EHD pump 
is capable of producing significantly greater exit wind 
speeds and the efficiency improves as the voltage applied to 
the emitter increases further.However, the performance at 
lower voltages decreases and a voltage exceeding 30kV is 
required for the apparatus to deliver high performance, 
which may be forbidding for most practical applications. 

 
Fig. 8. Exit wind velocity and efficiency of the prototype EHD pump, 
electrode gap d = 30mm  

 
Fig. 9. Exit wind velocity and efficiency of the prototype EHD pump, 
electrode gap d = 40mm  

This configuration, albeit the very high voltage needed 
to operate, manages to boost the efficiency of the 
configuration up to a maximum of 0.415% before the 
breakdown point. Furthermore, the efficiency at lower 
operational voltages is higher than that of the other 
configurations, surpassing for example the efficiency of the 
prototype with an electrode gap of 25mm by 0.09% at 
22kV, a 40% increase in efficiency. At the same time, the 
airflow remains the same and the breakdown limit of the 
prototype with an electrode gap of 40mm is much higher 
than that voltage point, while the prototype with an 
electrode gap of 25mm is operating near its limit. 

Fig. 10 displays the airflow produced by each of the 
aforementioned experimental EHD pumps. It can be seen 
that a higher voltage needs to be applied in order to produce 
the same level of airflow over an increased electrode 
distance; however, for an increasing electrode distance, the 
operational voltage range of the EHD pump widens as well, 
ultimately allowing the experimental apparatus to generate 
greater airflow. This however is susceptible to the maximum 
voltage allowed for each application. 

 
Fig. 10. Air Flow generated by the experimental EHD pump 
configurations. 

B. Influence of the collector grid wire radius R 
In order to assess the effect of the collector grid wire 

radius R, the collector grid has been replaced with a 316 
steel grid with a wire radius R of 200μm and a nominal 
aperture of 81.8%. The higher aperture of the grid should 
reduce the pressure drop at higher exit velocities.  

Our experiments displayed that the actual performance 
difference is insignificant at wind speeds lower than 0.75m/s 
and when a relatively low voltage is applied to the emitter, 
meaning that the replacement of the collector grid held no 
practical meaning for most of the single needle experimental 
EHD pumps used in this study, which cannot achieve such 
an exit wind speed at all or only near the breakdown limit. 
Fig. 11 displays the difference in exit wind speed and 
efficiency of the sixth prototype, with an electrode gap 
distance of 40mm. The larger aperture of the 200μm grid 
allows the experimental device to achieve higher wind 
speeds while the rise of the corona current is small (Fig. 12), 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING Volume 8, 2014

ISSN: 1998-4464 340



thus increasing the efficiency of the single needle EHD 
pump. The increase of the corona current suggests that the 
smaller radius R of the grid collector wires increases the 
inhomogeneity of the electric field, thus enhancing ionic 
wind and the generated EHD flow. 

 
Fig. 11. Exit wind velocity and efficiency of the sixth EHD pump prototype 
utilizing collector grids of different radiuses R. 

 
Fig. 12. Corona current of the single needle EHD pump prototype with an 
electrode gap d=40mm. 

On the other hand, this also makes the apparatus less stable 
at highervoltage levels, in terms of reducing the breakdown 
voltage limit. Nevertheless, the performance and efficiency 
enhancement is significant once the voltage applied to the 
emitter reaches 20kV, far from the breakdown limit which, 
even though it decreased, it now is at 34kV. This could 
improve the feasibility of using a single needle to grid EHD 
pump design with an electrode gap distance of 40mm for air 
pumping applications if a voltage between 20kV and 30kV 
can be applied to the emitter. 

IV. Conclusion 
As it can be derived from the experimental results, the 

efficiency of the single needle to grid EHD pump improves 
significantly as the electrode gap d increases while 

maintaining the same voltage applied to the emitter. The 
average exit wind speed is negatively affected by increasing 
the electrode gap distance d while maintaining the same 
voltage applied to the emitter, yet clearly not significantly 
enough so as to justify the multiplication of efficiency and 
the increase in stability.  

Single needle to grid EHD pumps appear capable of 
producing satisfactory results with a voltage of about 14kV 
applied to the emitter and an emitter to collector distance of 
20mm. As the distance increases, so does the operational 
range and the maximum possible output of the experimental 
device; however, a significantly higher voltage is required, 
therefore the practical applications are limited by the high 
voltage required for the device to operate.  

The selection of a grid with a smaller wire radius R 
offers insignificant performance improvements at smaller 
electrode gaps and relatively low voltages. Still, the 
reduction of the collector grid radius R offers very 
significant performance improvements over large electrode 
gaps distances, when the applied voltage and exit wind 
speeds are high, as it both creates a less homogeneous 
electric field which enhances the EHD phenomenon and the 
greater aperture is less restrictive towards the flow. 
However, an emitter voltage of over 20kV is required to 
justify the use of such a grid due to the distance between the 
emitter and collector electrodes, which may be too high for 
compact practical applications. 

Finally, the results of this study indicate that the 
performance of a single needle to grid EHD pump prototype 
may reach levels usable for practical forced convection 
cooling applications such as cooling of semiconductors in 
consumer electronics etc.  Despite the extra cost of the high 
voltage power supply, it could become a viable replacement 
of mechanical fans, considering the great simplicity of the 
design and the noiseless operation, which, in some cases 
may be a necessity. 
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