Amirkabir Journal of Mechanical Engineering

Amirkabir J. Mech. Eng., 57(5) (2025) 567-588
DOI: 10.22060/mej.2025.24284.7853

Design and Construction of An Electro-Hydrodynamic Thruster for Use in a Flying

Microrobot
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ABSTRACT: This paper deals with the design and construction of a propeller for use in a flying
micro robot using controlled electro-hydrodynamic current corona discharge. One example of plasma
actuators is corona plasma actuators, which are created by a high-voltage electrode with a small radius
of curvature as the emitter and another electrode as the collector, which are located at a certain distance
from each other. In this research, micro robot-scale aerial vehicles with a weight of less than 100 mg
and a characteristic length of less than 5 cm were investigated using an electro-hydrodynamic actuator
based on corona discharge actuators. In this research, by examining the use of different aluminum metal
alloys (T3, 1100, 2024, 7050, and 7075), an optimal weight for the collector and the optimal weight
and necessary strength (T3 aluminum alloy) for the emitter were obtained. The results of this study
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showed, it is concluded that, in negative corona, increasing the voltage in the single-emitter sample has a

significant effect on reducing the production efficiency compared to the dual-emitter propellant.

Needle-Plate Configuration
Positive Corona Discharge

Negative Corona Discharge

1- Introduction

Aecrospace engineers and scientists are turning to plasma
physics to develop new technologies in the design and
construction of solid-state propulsion systems and flow
control. Today, electro-hydrodynamic, in which electrical
forces accelerate ions in a fluid, is emerging as an alternative
method for propelling next-generation drones, with no
moving parts, no noise, and no waves. Infrared, fuel-free, and
has a high propulsive-to-power ratio, has been proposed.

Controlled corona discharge can create a current called
electrohydrodynamic (EHD) current by charging particles
around the anode and transferring their momentum to neutral
particles farther from the anode. This controlled set of devices
occurs between an electrode with a small radius of curvature
in the form of a wire or needle called the emitter and another
curved surface or plate called the collector electrode, which
can be positively or negatively charged, and the other
electrode, the collector, is usually connected to ground. If the
emitter is positively charged, the flow of electrons will return
to the emitter and, upon impacting it, will be negative.

The first observation of EHD current was made by Hoxby,
who noticed the production of a low-velocity air current
when a voltage was applied between two electrodes, which
was later called “electric wind” [1]. The classical model for
corona discharge in a point-plate configuration was used
by Aten and Adamiak. It was a model with two electrodes
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of different radii with air between them. The pointed
electrode was at a high positive voltage [2]. In 2017, Proud
et al. experimentally investigated two electro-hydrodynamic
forces generated by a wire-cylinder electrode configuration
under high DC voltage. They were able to investigate the
aerodynamic effects of using a corona actuator on the surface
of an ultralight unmanned aircraft and concluded that its use
is feasible and cost-effective, given the changes in the shape
of the actuator and its electrical circuit [3].

In 2023, Baba Safari and colleagues experimentally
investigated the effect of the corona actuator on fluid flow and
radar stealth, using two different corona actuator placement
models. One of the important results obtained in the radar
evasion section was the reduction of radar cross-section by
14.23% with the help of a corona actuator. The results of
this study showed that with increasing voltage, the amount
of power consumed, electric current, and electric propulsion
force increased in the two models [4].

This study investigates the application of corona discharge
as an ion thruster for a flying microrobot. The research
focuses on evaluating thrust force, power consumption,
and efficiency across different voltages in both positive and
negative corona discharges, considering single-emitter and
dual-emitter configurations. The primary innovation of this
work, compared to previous studies, is the implementation
of a two-stage dual-emitter thruster and the examination of
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Fig. 1. Schematic diagram of the collector and emitter

different emitter connection modes in series and parallel.
The results demonstrate the potential for achieving a higher
thrust-to-weight ratio with the dual-emitter configuration, in
contrast to prior works that have primarily been limited to
single-emitter setups.

2- Materials and Methods

The materials used for the plate and the needle base are
made of T3 aluminum with a thickness of 0.2 mm, while
the ground separating bases are crafted from the lightest
available balsa wood. The manufacturing process for these
components involves using a diamond laser cutting machine,
which provides very high precision. The flying micro robot
consists of three parts: collector, emitter, and base. The
diagrams of this propulsion system are shown in Figure 1. The
weight of the sample, an important parameter for the relevant
calculations, was 1.15 milli-newton for the propulsion system
with one emitter series (first sample) and 1.45 milli-newton
for the system with two emitter series (second sample).

3- Results and Discussion

According to the graphs in Figure 7, the operating range
of the single-emitter sample and the rise threshold of this
sample is at a voltage of 14 kV and has a good efficiency in
producing thrust up to 17.5 kV, but in the 2-emitter sample,
the rise threshold is 15 kV and it has a good efficiency in
producing thrust up to 19 kV. Also, in the positive corona,
the operating range of the single-emitter sample and the rise
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Fig. 2. Trust of single and double emitter samples in
positive and negative corona

threshold of this sample are observed at a voltage of 17.5 kV,
and it has a good efficiency in producing thrust up to 19 kV.
But in the 2-emitter sample, the threshold for lifting is 18 kV,
and the negative corona has a lower efficiency, so that in the
2-emitter case, the increase in propulsive force at a voltage of
19.5 kV is 44 percent greater than that of the positive corona.

4- Conclusions

According to laboratory research, in the single-amperage
mode, more propellant is produced at voltages equal to the
negative reduction, which results in a voltage of 19 kV, the
amount of propellant force in the negative reaction being
15% greater than the positive intensity. In the dual-emitter
mode, the increase in thrust in the negative corona is greater
than in the positive corona, so that at a voltage of 19.5 kV, the
thrust in the negative corona is 44 percent greater than in the
positive corona. Also, in the negative corona, the amount of
thrust produced in the micro robot with two series of emitters
in the negative corona mode is 79 percent greater than in the
micro robot with one series of emitters. In positive corona,
the amount of thrust in the micro robot with two emitter
series in the negative corona mode is 73% higher than the
thruster with one emitter series in the same negative corona.
All the above results indicate that the thruster with the second
emitter, despite having more weight than the single emitter
mode, produces significant thrust compared to the single
emitter mode and is a more optimal model.

As the voltage increases, the amount of electric current
and consequently the consumed electric power increase
parabolically. In a single-emitter thruster in the positive
corona mode, the slope of the increase in electric power is
greater, so that the amount of electric power consumed in
the single-emitter mode with positive corona discharge is 23
percent greater than that in the negative corona discharge. In
the two-emitter case, in the positive corona, the amount of
electric power is initially lower than the amount of electric
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power in the negative corona due to the low electric current
up to a voltage of 15 kV. However, from this voltage onwards,
due to the higher current gradient in the positive corona,
the amount of electric power also becomes higher than the
amount in the negative corona.

In this research, by using two series of emitters, we
were able to achieve more thrust and better performance
of the propulsion, which ultimately led to obtaining the
thrust required to lift the micro robot. We also found that
negative corona provides better results for this propulsion.
However, adding each emitter requires longer insulator legs
and connecting these emitters, which reduces the thrust-
to-weight ratio, which can be overcome in future research
by using mechanical locks on the components themselves.
We also found that by continuously reducing the electrode
spacing, the efficiency, i.e., the thrust-to-weight ratio, can be
increased.
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Fig. 3. Positive and negative high voltage power supply
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Fig. 4. Five 1 mega ohm resistors connected in series
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Fig. 6. High voltage probe.
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Fig. 5. Four-channel oscilloscope.

IS iz ) Vgame Sy Ll s 25800 o0lital 3058 oo 35 30
Sige & Sl Sg oty Bl @ ng e b adle Jhusls
Sy Jog e jlabss S 4y ol Glgie o casl (628 (sloyS
29550 g Dope & ol S pulop |y Gl S (Saadly S
448 L) o 5518 (ol 2,5 (oo 00t ] ] glse (pdny 3 &5 0
O By &l 0 ,lud S (61 V295 0 uog rsSumglanl (6399
b djie S 2 a2 A g @S (o oy CoSushl (63959 4 )
S ol 3550 Jrate ogSssho & MelS adad ) s 2 o sl
laJiSew oimen )l 1) ool o U 5Wy (o pSojlul el
ol TS ¥ Il copSumshanl 33 w0k 650l by g s

..))l.) ‘) OMCA:.?

1. BNC
2. GW instek GDS-2104E-100MHz



OM U OFY amiwo NF-F JL» A b)Lo.a.fJ QY 0)9 ‘)J,..al t_i.ulSw (WA ‘b).w)

o gaeyauias

JEa A

Sl A il

993155 ol 1 S sl g ool bl (631, (i A JSS
Cawl 3 (g 8 03101
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Table 1. Accuracy of the equipment used
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Table 2. Thrust values obtained in four tests for the negative corona thruster in single and dual emitter mode
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Fig. 9. Thrust force versus voltage diagram for single and double emitter series micro robots for com-
parison in positive and negative corona
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Fig. 10. Thrust force versus voltage diagram for sin

gle and double emitter series micro robots for com-

parison in positive and negative corona
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Fig. 11. Diagram of changes in electric current as a function of voltage in the positive and negative corona for
single and double emitter thrusters
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Fig. 12. Electric current versus voltage diagram for single and double emitter thrusters for comparing positive
and negative corona discharges
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Fig. 13. Electrical power versus voltage diagram for single and double emitter thrusters in positive and nega-
tive corona
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Fig. 14. Diagram of electrical power versus voltage in two positive and negative coronas for comparing single
and double emitters
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Fig. 15. Diagram of the efficiency coefficient in terms of propellant force for single and double emitter propel-
lants in positive and negative corona
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Table 3. Average values of thrust, electric current, electric power, and thruster effectiveness coefficient with positive

and negative corona in single and double emitter thrusters
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