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Abstract : This review paper proposes an innovative advance cooling solution system ionic coolingor Electro
Hydro Dynamic (EHD) to achieve efficient, noiseless and compact thermal management for electronics devices.
The proposed system utilizes ionic wind generation to initiate air movement through the ionization of
surrounding air molecules. This process creates a steady, silent flow of air without mechanical components like
motors and fans. Then the air is sent through the copper vents for proper heat dissipation. By combining these
two technologies, the system enhances the cooling capacity while maintaining compactness and energy
efficiency with silent working operation.
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Introduction

Advancements in electronics have significantly progressed, marked by enhanced performance and the
miniaturization of electronics, transitioning from large supercomputers to laptops, smartphones, and
smartwatches. However, as of 2025, no electronic or microelectronic component achieves 100% efficiency, as a
portion of energy is inevitably dissipated as heat, impacting the overall performance of these devices. This trend
is driven by advancements in semiconductor technology, such as the development of smaller nanometer-scale
transistors, which allow for higher processing power in smaller chips. While these advancements enhance
performance and energy efficiency, they also introduce new thermal challenges, as compact devices like laptops,
tablets, and smartphones provide limited physical space for traditional cooling solutions.

There are various type advance cooling systems from which air cooling system is widely used in various
electronics system have evolved with more efficient and compact fans combined with advanced heat pipe
designs to dissipate heat effectively within limited spaces. Conventional forced-air cooling technologies (i.e.
fans) are largely impractical as next generation solutions due to their large volume and high power consumption.
For example, the large volume and weight associated with the motor and fin-array heat sinks and high power
consumption associated with the attached fans make them impractical.Alternatively, finding a technologically
feasible solution that meets the requirements of large heat removal effectiveness; low weight, volume and cost;
zero noise generation; no moving parts, for innovative and effective cooling systems has become more critical
than ever. This work showcases hybrid cooling system by combining the ionic windengine (i.e. EHD)with

copper heat vents, which can provide enhanced cooling solutions for laptops.

Literature Survey
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Micro sized ionic winds have been discussed previously as an air pumping technique for electronics
cooling byJewell-Larson® and Schlitz et al?> but there was not any detailed experimental evidence. Furthermore,
because the air pumping device must also draw air through the entire electronic system, relying on ionic winds
alone may be insufficient because they are often unable to generate the necessary pressure rise[1][2]. In earlier
work, the use of ionic winds as a method of enhancing a preexisting bulk flow rather than as a method of
pumping static air was modeled. In this configuration, a fan would still be used for cooling, and the ionic wind
engines would be selectively placed in order to enhance heat transfer where required.

lonic wind flows generated by corona discharges were originally quantified by Chattock, Stuetzer® and
Robinson* published seminal works investigating the use of ion drag as pumps for both air and liquids. Since
then, ionic winds have been investigated for applications ranging from blowers to air filtration and heat transfer
enhancement [3][4]. From a thermal perspective, a variety of corona configurations have been investigated
including point-to-plane impingement, pumping air in duct like structures, and enhancing internal flows.The
work of Molki® and Bhamidipati® includes a comprehensive literature survey on corona discharges and corona
winds for heat transfer enhancement[5].

The use of ionic winds in the presence of a bulk flow to modulate an external boundary layer has been
an area of growing interest in the aerospace community. The concept was initially studied numerically by
Rosendale et al®., andSoetomo’ conducted experiments on ionic winds in the presence of flat plate flows for drag
reduction [6][7]. His work was complemented by the numerical studies of EI-Khabiry andColver.

IONIC WINDS FOR LOCALLY ENHANCED COOLING?® by David B. Go, Suresh V. Garimella,
Timothy S. Fisher, and Rajiv K. Mongiais the research paper says that lonic wind engines can be integrated onto
surfaces to provide enhanced local cooling. Air ions generated by field-emitted electrons or a corona discharge
are pulled by an electric field and exchange momentum with neutral air molecules, causing air flow. Experiments
demonstrate the ability of ionic winds to decrease the wall temperature substantially in the presence of a bulk
flow over a flat plate, corresponding to local enhancement of the heat transfer coefficient by more than twofold.
Multiphysics simulations of the corona and flow describe the ability of the ionic wind to distort a bulk flow
boundary layer and confirm the experimentally observed heat transfer enhancement trends [8][9].

HIGHLY EFFICIENT IONIC WIND-BASED COOLING MICROFABRICATED DEVICE FOR
MICROCHIP COOLING APPLICATIONS®by Ongkodjojo, R. C. Roberts , A. Abramson , and N. C. Tien. This
work explores an innovative and advanced thermal management solution using a microfabricated air-cooling
Technology that employs an electrohydrodynamic corona discharge (i.e. ionic wind pump) to stimulate forced
convection for efficient Heat removal from electronic components and devices. The device provides a high COP
(coefficient of performance) of 20.5. In fact, the grid structures used in its design enhance the overall heat

transfer coefficient and facilitate a batch and 1C compatible process[10].

Structural Design And Working

An ionic cooling system consists of three main components:



International Journal of Multidisciplinary Advent Research and Review (IJMARR)
Vol. 1, No. 2, February 2025
E-ISSN: 3049-1932
Available online at https://www.ijmarr.org/

1. lonization Source: This is the high-voltage electrode responsible for generating the corona discharge
and ionizing the surrounding air. It is typically made of thin wires, needle arrays, or microelectrodes

designed to optimize ion production.

2. Acceleration and Airflow Generation: Once the ions are created, they accelerate toward a collector
electrode, imparting momentum to neutral air molecules. The arrangement of these electrodes

determines the efficiency of airflow generation.

3. Heat Dissipation Surface: The generated airflow is directed toward heat-generating components, such
as microprocessors or power electronics, to enhance cooling. The effectiveness depends on factors like

electrode spacing, applied voltage, and system geometry.

The manufacturing process developed for thisdevice usestwo sections, one as sender or emitter and
other as receiver, as shown in figure 1 which is the simplest design of ionic wind engine. For the supply voltage
step up transformers or any high voltage converter can be usedwhich is similar to that of the Tesla coil which can
boost the voltage up toseveral thousands volts or even higher. The output voltage is adjusted to variable voltage
usingpotentiometer or any PWM controlling system at the input supply i.e., by controlling the input supply the

required ionic wind speed can be controlled.

Fig.1. Simplest Design model of lonic wind engine.

lonic discharge, also known as corona discharge, occurs when a high-voltage electric field ionizes the
surrounding air, creating charged particles (ions). This process takes place when a strong electric field of high
voltage is applied to a sharp electrode, such as a needle or thin wire, which concentrates the electric field at its tip
as shown in figure 2. When the field strength exceeds the ionization energy of air molecules (typically around 3
kV/mm in dry air), electrons are stripped from neutral molecules, forming positive or negative ions depending on
the polarity of the applied voltage. These ions are then accelerated by the electric field, transferring momentum
to neutral air molecules and generating a bulk airflow. This phenomenon is the foundation of

electrohydrodynamic (EHD) airflow, commonly referred to as ionic wind.
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Fig. 2: Working of lonic wind Engine Fig. 3: Wind flow working of lonic wind engine

When a high voltage is applied to the ionization electrode, a corona discharge occurs, producing a cloud
of charged ions. These ions accelerate toward the collector electrode under the influence of the electric field,
colliding with and transferring momentum to neutral air molecules. This results in a continuous airflow, directing
cool air toward heat-generating components while carrying away heated air as shown in figure 3. The process
effectively enhances convective heat transfer, making it an efficient alternative to mechanical cooling solutions.

To further enhance the cooling effect, the generated airflow is directed through copper cooling pipes or
across vented surfaces that dissipate heat more effectively. Copper is used due to its high thermal conductivity,
allowing efficient heat transfer from critical components, such as microprocessors or power modules. As the
ionized airflow passes over these surfaces, it carries away the heat, reducing thermal buildup and increasing
overall cooling efficiency. The integration of copper pipes or structured vents ensures that heat is quickly drawn

away from heat sources and distributed efficiently through airflow channels. The working performance of an
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lonic cooling system can be understood from figure 4.

Fig 4 : Workflow of lonic cooling system

Advantages of lonic Cooling System
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1. One of the biggest advantages of ionic cooling is the absence of moving parts, eliminating noise,
vibration, and mechanical wear associated with conventional fans.

2. This makes it particularly useful for applications where silent operation is crucial, such as in laptops,
high-performance computing, and medical devices.

3. Additionally, ionic cooling systems can be designed to be ultra-thin, allowing them to fit into compact
spaces where traditional cooling methods may not be feasible.

4. Another benefit is their potential for higher energy efficiency, as they can operate at lower power
consumption compared to small mechanical fans. Furthermore, ionic wind can provide uniform airflow

distribution, reducing hotspots on electronic components.

The combination of lonic wind and copper cooling pipes offers several advantages over traditional
cooling methods. Since the system has no moving parts, it operates silently, making it ideal for applications
requiring quiet operation, such as laptops, high-performance computing, and medical devices. The use of copper
improves heat conduction, ensuring that thermal energy is quickly transferred away from components and into
the airflow. Additionally, integrating vents allows for better airflow distribution, reducing hotspots and
enhancing overall cooling performance. The system can also be designed to be thin and lightweight, making it
suitable for compact electronic devices.

Limitations and Challenges

1. First, it requires high-voltage power supplies (typically in the range of 5-20 kV) to generate sufficient
ionization, which may introduce safety concerns and insulation complexities.

2. Another issue is the potential production of ozone (Os), a byproduct of air ionization, which must be
carefully managed to comply with safety regulations.

3. Additionally, while ionic wind can generate airflow, it is generally weaker than that produced by
mechanical fans, limiting its cooling capacity unless optimized through advanced designs or hybrid
systems.

4. The efficiency of ionic wind is also influenced by environmental factors such as humidity, air pressure,

and contamination of electrodes, which can degrade performance over time.

Enhancing lonic Cooling Performance

To overcome these limitations, several strategies can be employed. One approach is optimizing
electrode design to maximize ion generation while minimizing energy loss. Using microelectromechanical
systems (MEMS) or nanostructured electrodes can enhance efficiency by improving ionization and airflow
characteristics. Another method is integrating ionic cooling with other advanced cooling techniques, such as
liquid cooling which can boost the cooling very effectively. Additionally, filtering or neutralizing ozone through
catalytic converters or adsorbents can help mitigate environmental concerns.

Micro-fin structures on copper surfaces increase the surface area for heat dissipation, improving
conduction and convection efficiency. Vapour chamber integration can enhance thermal spreading across copper

heat sinks, preventing hotspots and improving overall system reliability. Aerodynamic shaping of vents can
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guide ionized airflow in an optimal direction, reducing turbulence and enhancing cooling efficiency. Electrostatic
airflow control grids can be used to steer the ionized air precisely over the heat sink, ensuring maximum cooling
where it’s needed. Dynamic vent adjustment mechanisms (such as temperature-sensitive baffles) can regulate
airflow paths based on real-time thermal load.

Adaptive voltage control can optimize power consumption by adjusting the ionization voltage based on
cooling demand.Temperature and humidity sensors can provide real-time data, allowing the system to
dynamically adjust airflow patterns for maximum efficiency.Al-driven thermal management algorithms can
predict heat loads and preemptively adjust cooling performance, ensuring stable temperatures even during peak
usage.

Conclusion and Future Prospects

The integration of ionic cooling with copper heat pipes and vents presents a promising alternative to
traditional cooling solutions, offering silent, efficient, and compact thermal management. By leveraging
electrohydrodynamic (EHD) airflow, the system eliminates the need for mechanical fans, reducing noise, power
consumption, and mechanical wear. The addition of copper elements significantly enhances heat transfer,
ensuring efficient dissipation of thermal energy from critical electronic components. While the technology
presents challenges, such as high-voltage requirements, ozone generation, and airflow limitations, these can be
mitigated through optimized electrode design, smart control systems, and advanced material coatings. With
continued research and development, ionic cooling can be refined into a highly efficient and scalable solution for
various applications, the ionic cooling system can be a promising cooling technology for electronics. With
ongoing advancements in materials science and nanotechnology, ionic cooling systems are expected to become
more efficient and scalable. Future research aims to improve ionization efficiency, reduce power consumption,
and integrate smart control mechanisms to optimize cooling performance dynamically. As these innovations
progress, ionic cooling could play a crucial role in the development of energy-efficient and high-performance

electronic systems.
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