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Abstract—Ilon thrusters are at the forefront of electric
propulsion, enabling efficient and long-duration space
missions and inspiring new approaches to terrestrial
cooling systems. This paper reviews the principles,
performance factors, and applications of ion thrusters,
referencing recent advancements and foundational
works. We present the design and 3D-printing of a small-
scale ion thruster prototype, and experimentally
investigate its performance using only wind velocity,
current, and voltage measurements. The results
demonstrate the feasibility of rapid prototyping for both
propulsion and cooling applications, and highlight the
relationship between electrical input and ion wind
output. The study builds on recent literature and
discusses challenges, future directions, and broader
impacts.

I. INTRODUCTION

Electric propulsion, particularly in the form of ion
thrusters, has significantly advanced the fields of
satellite operations and interplanetary exploration.
These systems are recognized for their exceptionally
high specific impulse and efficient utilization of
propellant, making them ideal for long-duration space
missions where conventional chemical propulsion
becomes impractical due to mass and fuel constraints.
Ion thrusters function by using electric fields to
accelerate charged particles—typically ions of noble
gases like xenon—creating a stream of high-velocity
particles that generate thrust in the opposite direction,
in accordance with Newton's third law.

The same fundamental principles of ionic acceleration
have found relevance beyond aerospace, extending
into terrestrial applications. Ionic wind, or
electrohydrodynamic (EHD) flow, has shown promise
in enabling silent, solid-state airflow for cooling
electronic devices, managing thermal loads in compact
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systems, and enhancing airflow in enclosed industrial
environments without relying on moving mechanical
parts. The efficiency, compactness, and minimal
acoustic signature of such systems make them highly
attractive for modern cooling solutions where space
and noise are critical factors.

This paper presents the design and development of a
3D-printed ion thruster prototype. The focus is on
creating a functional model to explore key
characteristics such as wind velocity, input current,
and operating voltage. Due to limitations in
instrumentation and the exploratory nature of this
build, the prototype is intended for qualitative
assessment rather than quantitative performance
benchmarking. No experimental performance data or
measurements are currently available.

The construction of the prototype incorporates copper
rods and copper wires, chosen for their excellent
electrical conductivity and ease of fabrication. These
materials form the electrodes and conductive paths of
the ionization assembly, enabling the generation of
corona discharge essential for ionic wind production.
The 3D-printed components provide structural support
and geometric precision in aligning the electrode
configuration, which is critical for effective ion
acceleration and airflow generation.

Our work draws from a growing body of research
focused on optimizing ion thruster designs for both
space and atmospheric conditions. While this
prototype remains in the early stages of functional
validation, it reflects current trends in low-cost,
modular ion propulsion systems. The insights gained
from this hands-on prototyping process can inform
future improvements in design, material selection, and
measurement techniques, especially when paired with
advanced diagnostic tools in subsequent iterations.
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II. LITERATURE REVIEW

“Ionic thruster” study (Google Scholar; reference by
9 IrcIVTLs4J)

This work reviews fundamental principles and
performance characteristics of gridded electrostatic
ion thrusters. It highlights how ionization and
extraction of noble-gas ions—accelerated through
electrostatic grids—achieves very high specific
impulse (~2,000-5,000 s) with exhaust velocities of
20-50 km/s. The paper underscores the trade-off
between extremely efficient propellant use and
relatively low thrust levels (~25-250 mN), making it
ideal for long-duration missions rather than rapid
acceleration. The authors also discuss design
configurations and scaling laws affecting ion
extraction and grid erosion.

Nadar et al., “Futuristic Exploring of Ionic Wind
Technology and a Nadar” (Semantic Scholar)
This study connects ionic wind (electrohydrodynamic
airflow in ambient conditions) with space ion thruster
technology. It presents prototypes leveraging high-
voltage electrodes arranged in ionic wind generators
made via additive manufacturing. The paper analyzes
effects of voltage, electrode spacing, and geometry on
airflow velocity and electrical efficiency. It offers
performance correlations and design guidelines for
low-noise, mechanically simple airflow devices—
demonstrating how space propulsion principles can be
translated to terrestrial cooling and ventilation
systems.

ATAA conference paper (2004-3812)
This conference publication delves into design
optimization of gridded ion thrusters, with attention to
grid shape, aperture size, and voltage settings,
assessing their impacts on specific impulse, thrust
efficiency, and grid erosion rates. The authors present
empirical and simulation-based results, linking
thruster geometry to performance trade-offs. They
propose optimized grid configurations that yield lower
ion beam divergence and acceptable erosion while
maintaining thrust efficiency.

“Factors Affecting Ion Thruster’s Performance”
(ResearchGate, 2021; ID 356462384)
This paper examines operational variables—such as
propellant type (xenon vs. krypton), ionization
chamber pressure, discharge current, and grid
voltage—on thruster efficiency and lifetime. The
study includes experimental data and analytical
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models showing how each factor influences thrust,
specific impulse, and grid erosion. Notably, the
authors find xenon yields better efficiency at higher
currents, while krypton performs comparably under
certain low-power conditions. It underscores
diagnostic measurement significance in performance
evaluation.

“Short Review on Electric Propulsion System: Ion
Thruster” (ResearchGate, 2015; 1D 264977125)
This review provides a comprehensive overview of ion
thruster architecture—including ionization
mechanisms, accelerator grids, neutralizers, and
power-processing units (PPUs). It contrasts
electrostatic ion thrusters with other -electric
propulsion types (e.g., Hall, pulsed plasma thrusters).
The paper summarizes mission use cases—such as
station-keeping, orbit transfer, and deep-space
travel—while detailing the NEXT system as a state-
of-the-art example. It concludes with
recommendations for modular, scalable, and cost-
effective thruster architectures.

“Flight of an acroplane with solid-state propulsion” by
Xu et al. represents a breakthrough in the development
of electroacrodynamic (EAD) propulsion systems for
aviation. The authors demonstrate, for the first time,
the sustained flight of a fixed-wing aircraft powered
solely by ionic wind propulsion, eliminating the need
for any moving parts or combustion-based thrust.
Utilizing a lightweight, high-voltage power supply to
generate a corona discharge between asymmetric
electrodes, the system accelerates ions, which in turn
impart momentum to neutral air molecules, producing
thrust. The study details the design, fabrication, and
successful flight of an aircraft with a five-meter
wingspan, validating the feasibility of solid-state
propulsion at a practical scale. This work not only
challenges previous assumptions regarding the
limitations of thrust-to-power ratio and thrust density
in EAD systems but also opens new avenues for the
development of silent, emission-free aerial vehicles,
marking a significant advancement in the field of
alternative propulsion technologies.

1. METHODOLOGY/EXPERIMENTAL

A. Design

The project involved the construction and evaluation
of two distinct ion thruster prototypes. Both were
developed using accessible conductive materials,
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specifically copper sheet metal, rods, and wires. The
focus was to examine how electrode configuration and
construction influence ion wind behavior and thrust
generation in atmospheric conditions.

In the first version, a piece of copper sheet was shaped
into a hollow cylindrical emitter with a sharp tip to
function as the high-voltage positive electrode. The
collector, or negative terminal, was formed by curling
another copper cylinder to create a smooth edge
profile. While this design aimed to maximize field
intensity at the emitter and reduce discharge losses at
the collector, it produced inconsistent airflow and
suffered from poor thrust directionality due to field
dispersion around the curved surfaces.

The second design adopted a parallel-plane grid
configuration. Copper rods and wires were arranged
such that the anode and cathode existed as two facing
grids within a flat plane. Despite its simpler
construction, this design demonstrated improved
performance. The structured geometry of the grid
facilitated a more uniform electric field and better ion
acceleration, leading to more consistent and directed
ionic wind with visibly enhanced thrust output.

To supply the high voltage necessary for corona
discharge, a step-up converter module was employed.
Powered by a single 18650 lithium-ion cell (nominal
4 V), the module was capable of outputting up to 40
kV—sulfficient to ionize ambient air molecules and
sustain continuous ion flow.

For thrust estimation, a basic measurement technique
was used: the apparatus was placed on a digital
weighing scale, and changes in mass readings before
and after activation were recorded. These shifts,
although rough, indicated the presence of net thrust.
While theoretical calculations were planned for cross-
verification, no detailed quantitative data could be
gathered at this stage due to the absence of high-
precision instrumentation.

IV. RESULTS AND DISCUSSIONS
Evaluation of the two designs revealed notable
differences in behavior and performance. The

cylindrical configuration exhibited less consistent and
directional ion wind. The curvature and sharpness of
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the emitter caused unstable corona discharge, and yet
light airflow could be observed. Minor changes in the
reading on the weighing scale confirmed that some
thrust—likely in the millinewton range—was being
produced.

Conversely, the flat-plate version proved significantly
more effective. Despite initial concerns about
discharge irregularities, careful spacing and alignment
of the wire grid enabled a more uniform and directed
ion flow. This configuration produced a more
noticeable and stable airflow compared to the
cylindrical version, which suffered from inconsistent
discharge patterns and reduced thrust due to field
dispersion.

Although the weighing scale provided only a rough
indication of force, the grid-based setup consistently
demonstrated a measurable increase in apparent mass,
suggesting stronger thrust generation. However, due to
the lack of high-precision tools such as micro-newton
thrust stands or airflow velocity sensors, a
comprehensive analysis of efficiency or thrust-to-
power ratio was not feasible at this stage.

These initial findings emphasize the critical role of
electrode  configuration in  ion  propulsion
performance. Grid-based geometries, when properly
tuned, can enhance field uniformity and directional
control. Future refinements will focus on improving
grid alignment, integrating insulating supports to
prevent arc formation, and incorporating advanced
diagnostic equipment for precise validation.

V. FUTURE SCOPE

The concept and prototyping of a 3D-printed ion
thruster, as presented in this research, lay the
groundwork for a broad and impactful field of future
exploration, with implications for both space
propulsion systems and terrestrial applications in
electronics cooling and industrial airflow control.
While this project serves as an early-stage
investigation into the feasibility and construction of
such systems using accessible tools and materials, the
scope for further development is vast and
multifaceted.

One of the most significant directions for future work
lies in the advancement of space propulsion systems
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that rely entirely on solar energy for power. As the
aerospace industry increasingly shifts toward
sustainable and long-duration missions—such as
asteroid mining, Mars colonization, and deep-space
exploration—the need for efficient, low-thrust
propulsion that conserves fuel becomes paramount.
Ion thrusters, when optimized and powered by solar
panels, offer a viable alternative to traditional
propulsion. Future iterations of this project could
integrate solar energy harvesting systems directly into
the prototype, allowing real-time demonstrations of
thrust generated purely from ambient solar power.
Precision  instrumentation and  performance
characterization are another critical avenue. The
current work was limited by a lack of empirical data
due to instrumentation constraints. Future phases will
involve deploying sensors and diagnostic tools
capable of measuring thrust, ionic wind velocity,
current density, voltage distribution, electrode
temperature, and plasma density. This will not only
validate the effectiveness of the design but also
contribute valuable data to the broader research
community. Additionally, introducing grid erosion
monitoring systems, possibly through high-speed
imaging or thermal mapping, can provide insight into
the long-term reliability of electrode materials such as
copper.

From a materials science perspective, the scope
includes experimenting with alternative electrode
materials such as tungsten, graphite, or coated
composites that may withstand higher discharge
voltages and reduce erosion. Similarly, 3D printing
with high-performance polymers or ceramics can
improve thermal resistance and structural integrity,
allowing operation under more extreme vacuum and
thermal conditions similar to those encountered in
outer space.

Another promising direction is the miniaturization of
ion thrusters for small satellite platforms such as
CubeSats and femto-satellites. With the ongoing surge
in private satellite deployments for communication,
navigation, and Earth observation, integrating
compact, solar-powered ion propulsion into such
systems could extend mission lifetimes, enable orbital
maneuvering, and facilitate collision avoidance. This
research could contribute to the development of
modular thruster systems that can be mass-produced
using additive manufacturing and embedded into next-
generation satellite buses.
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On a more conceptual frontier, atmosphere-breathing
electric propulsion (ABEP) systems—capable of
operating in low-Earth orbit by collecting and ionizing
atmospheric  particles—represent an  exciting
possibility. The techniques and findings from this
prototype, particularly related to ionic wind behavior
and electrode geometry, can serve as a reference point
for designing such systems, where fuel is essentially
harvested from the surrounding environment.

Outside of space, terrestrial applications of ionic wind
technology also present an expansive future scope.
Silent, efficient cooling systems for high-performance
computing hardware, especially in data centers and
compact electronics, stand to benefit immensely. With
increasing thermal loads and power density in
consumer and industrial devices, solid-state ionic wind
cooling could become a viable replacement or
supplement to mechanical fans. Future work can
involve scaling down the ion thruster to millimeter-
scale devices tailored for CPU and GPU heat
dissipation, and assessing its effectiveness compared
to traditional heat sinks and airflow mechanisms.
Finally, the integration of intelligent control systems
and real-time feedback using microcontrollers and
embedded sensors can enable adaptive propulsion
units. These smart systems could dynamically regulate
thrust levels, power draw, and electrode voltage based
on mission needs or thermal/environmental
conditions. This would be particularly useful for
autonomous space missions where human intervention
is not feasible.

In conclusion, this research opens multiple paths—
ranging  from  high-efficiency interplanetary
propulsion and modular satellite thrusters to passive
cooling solutions for Earth-based electronics. With
further refinement, experimental validation, and
interdisciplinary collaboration, the 3D-printed ion
thruster model presented here has the potential to
evolve from a conceptual prototype into a meaningful
contribution to the future of both space exploration
and terrestrial engineering systems.

VI. CONCLUSION

This project set out to explore the feasibility, design,
and initial performance of a 3D-printed ion thruster
prototype  intended for  space  propulsion
applications—particularly systems that could one day
rely solely on solar power, with minimal dependency
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on chemical propellants. Through the construction and
testing of two prototype configurations using copper-
based electrodes and high-voltage modules, we have
demonstrated the potential of ionic wind-based
propulsion to generate measurable thrust in
atmospheric conditions.

While no precise quantitative data could be recorded
due to instrumentation limitations, qualitative
observations confirm that corona discharge-induced
airflow and minor net thrust were successfully
achieved in the flat-grid configuration. This reinforces
the core principle behind ion propulsion: that well-
designed electric fields—especially those enabled by
optimized grid geometries—can efficiently accelerate
charged particles to generate momentum without
moving parts or combustible fuel. The results also
emphasize the critical role of electrode layout in
ensuring discharge stability, directionality, and overall
performance.

The cylindrical model, while structurally more
complex, exhibited weaker and less directed thrust due
to non-uniform field distribution and edge dispersion
effects. These observations align with existing
literature, which highlights the importance of uniform
electric fields, proper spacing, and reduced field
divergence in optimizing ion thruster output. The
project thus serves as a hands-on validation of both
theoretical principles and previously published
findings on ionic wind and electrohydrodynamic
thrust generation.

Importantly, this research is framed by a broader
vision: the development of solar-powered, long-
duration propulsion systems for space vehicles and
rovers, where efficiency, reliability, and independence
from traditional fuels are paramount. While our
current efforts were constrained to atmospheric
operation and rudimentary measurement, the
foundational work presented here opens pathways to
higher-fidelity future studies. These will include
precision force and airflow diagnostics, higher-voltage
systems, vacuum testing environments, and
integration with photovoltaic power sources.
Furthermore, beyond space applications, this work
holds relevance to terrestrial use cases such as solid-
state, low-power cooling systems for electronics—
where ionic wind can replace traditional fans with
quieter and more efficient airflow generation.

In summary, this research demonstrates the viability of
low-cost, 3D-fabricated ionic propulsion systems,
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with the flat-grid design showing particular promise.
It establishes a strong foundation for future work in
both  experimental optimization and applied
innovation. With improved instrumentation and
iterative refinement, such systems have the potential
to contribute meaningfully to the next generation of
sustainable  space  propulsion and  cooling
technologies.
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