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Abstract 
This paper investigates the effectiveness of Electro-Hydro-Dynamic (EHD) techniques in enhancing heat transfer 

performance in various thermal systems. EHD methods exploit the interaction between electric fields and fluid 

dynamics to improve convective heat transfer, reduce thermal boundary layer thickness, and enhance fluid mixing 

and turbulence. The study demonstrates that applying electric fields to fluids can significantly increase heat 

transfer rates without requiring substantial mechanical energy input. Experimental results show that the heat 

transfer coefficient improves dramatically as voltage increases, increasing overall system efficiency. The findings 

indicate that EHD techniques can potentially overcome limitations in traditional heat transfer methods, offering 

an energy-efficient alternative for electronics cooling, automotive, HVAC, aerospace, and power generation 

industries. 
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I. Introduction 
Heat transfer is a fundamental process in various engineering systems where thermal energy needs to be 

transferred from one place to another. The primary modes of heat transfer are conduction, convection, and 

radiation, each of which plays a significant role in different applications. Conduction is heat transfer through a 

solid material due to the temperature gradient. It is the primary mode in heat exchangers, electronic devices, and 

structural components, transferring heat through solid interfaces. Due to fluid motion, convection transfers heat 

through fluids (liquids or gases). Convection is commonly found in heating or cooling systems, natural 

ventilation, and automotive engines, where heat is transferred between a surface and a fluid. Radiation, 

conversely, is the transfer of heat through electromagnetic waves, primarily from hotter bodies to cooler ones. It 

plays a significant role in systems like furnaces, spacecraft, and solar energy applications, where heat is emitted 

and absorbed via radiation without needing a medium. Heat transfer's effectiveness directly influences thermal 

systems' performance and efficiency. Managing and enhancing heat transfer is crucial in many engineering 

applications to ensure optimal system performance, safety, and energy efficiency. For instance, enhancing heat 

transfer in electronics cooling helps maintain operational reliability by preventing overheating. In industries like 

power generation, efficient heat exchangers are vital for energy recovery, reducing energy consumption, and 

minimizing environmental impact. Therefore, optimizing heat transfer mechanisms is essential for improving 

thermal management systems' overall efficiency and sustainability. 

However, despite the importance of heat transfer processes, enhancing heat transfer efficiency remains 

a challenge in many engineering applications, as shown in Figure 1. Several key factors contribute to these 

challenges. Low thermal conductivity is a primary issue, as many materials used in engineering systems, such as 

certain metals, ceramics, and polymers, have relatively low thermal conductivity. This limitation necessitates 

large surface areas or extended exposure times to achieve the desired thermal performance. In applications like 

electronics cooling, materials with low thermal conductivity, such as chipboards or circuit boards, hinder effective 

heat dissipation. Scaling is another significant challenge. The formation of scale or deposits on heat transfer 

surfaces, often caused by mineral buildup in liquids, significantly reduces heat transfer efficiency. In heat 

exchangers, cooling towers, and boilers, scaling leads to an insulating layer that inhibits heat conduction and 

increases energy consumption. This issue is especially problematic in industries like chemical processing, 

desalination, and power plants, where scaling is a persistent concern. 
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Figure 1. Challenges in heat transfer 

 

Thermal boundary layers also present a challenge in convection-based heat transfer. These boundary 

layers, which form around heated surfaces, act as thermal insulators and hinder heat flow from the surface to the 

surrounding fluid. In many applications, particularly in forced convection systems, managing or reducing the 

thickness of these boundary layers is critical for improving heat transfer. Flow resistance and fluid properties also 

play a role in determining heat transfer rates. Factors like viscosity, density, and flow regime (laminar vs. 

turbulent) can significantly affect heat transfer efficiency in fluid flow systems. Laminar flow, characterized by 

smooth and orderly fluid motion, often results in poor heat transfer, while achieving turbulence or manipulating 

flow characteristics can enhance heat transfer. Finally, energy consumption is another challenge. Many heat 

transfer enhancement techniques require additional energy input, such as pumping power to increase flow rates 

or electrical power to generate electromagnetic fields. Balancing the benefits of enhanced heat transfer with the 

energy cost required is a crucial consideration in energy-conscious industries, where minimizing operational costs 

is a key objective. Electro-Hydro-Dynamic (EHD) techniques are advanced methods combining the effects of 

electric fields and fluid dynamics to enhance heat transfer in thermal systems. These techniques exploit the 

interaction between electric fields and fluid flow, utilizing electrostatic, electrokinetic, and hydrodynamic forces 

to manipulate the behaviour of fluids and improve their thermal performance. Applying an electric field makes it 

possible to induce forces on charged particles within the fluid, alter fluid flow characteristics, and enhance the 

mixing and turbulence within the fluid. These effects can lead to increased convective heat transfer, reduced 

thermal boundary layer thickness, and enhanced surface heat dissipation. The potential of EHD techniques to 

enhance heat transfer has garnered significant interest in recent years, particularly in applications where 

conventional methods struggle to achieve optimal performance. For instance, in electronic cooling, where 

effective heat dissipation is critical to maintaining device performance and reliability, EHD methods offer a 

promising alternative to passive and active cooling techniques. Integrating EHD devices into heat exchangers or 

cooling systems makes it possible to significantly increase heat transfer rates without requiring substantial 

mechanical energy input, making it a more energy-efficient solution. Furthermore, EHD methods have the 

potential to be applied in a variety of industries, including automotive, HVAC, aerospace, and power generation, 

where effective thermal management is vital. 

Several studies have explored the application of EHD techniques in heat transfer enhancement, 

demonstrating their potential benefits in various settings. Early research focused on the effects of electrostatic 

fields on the flow behaviour of fluids, showing that applying high-voltage electric fields could increase fluid 

mixing and turbulence, which are key factors for enhancing heat transfer. Studies have also investigated using 

electrohydrodynamic (EHD) pumps to move fluids with minimal moving parts, thereby reducing the energy costs 

associated with traditional pumping mechanisms. In addition, research has shown that applying EHD can reduce 

the thermal boundary layer near heated surfaces, significantly improving convective heat transfer rates. 
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However, despite the promising results, there are still significant gaps in the current research on EHD-

enhanced heat transfer. One key area that remains underexplored is the optimization of EHD parameters, such as 

the strength and frequency of the electric field, the configuration of electrodes, and the characteristics of the 

working fluids. Many studies have focused on specific EHD configurations but have not thoroughly investigated 

the full range of conditions that could maximize heat transfer performance across various applications. 

Additionally, while experimental data exists, much of it is limited to specific setups and does not consider the 

scalability of these techniques for industrial applications. There is also a lack of understanding regarding the long-

term stability and reliability of EHD techniques in real-world systems, as factors like material degradation, wear, 

and electrical power requirements have not been thoroughly addressed. Moreover, theoretical models are still 

being developed explaining the interaction between electric fields, fluid dynamics, and heat transfer in EHD 

systems. While progress has been made, there is a need for more comprehensive models that can predict the 

effects of EHD on heat transfer across different geometries, fluid types, and operating conditions. These models 

would provide valuable insights for designing more efficient and cost-effective EHD-based heat transfer systems. 

Therefore, further investigation is needed to fill these gaps and fully realize the potential of EHD techniques in 

practical heat transfer enhancement. 

The primary objective of this paper is to investigate the effectiveness of Electro-Hydro-Dynamic (EHD) 

techniques in enhancing heat transfer performance. By examining the interaction between electric fields and fluid 

dynamics, the study aims to quantify the impact of EHD methods on convective heat transfer in various thermal 

systems. The research will explore the potential for these techniques to improve heat dissipation rates, reduce 

thermal boundary layer thickness, and enhance overall system efficiency. This investigation will provide valuable 

insights into the role of EHD in enhancing heat transfer, particularly in systems where traditional methods are 

limited. 

 

II. Experimental Setup And Experimental Procedure 
Description of the Test Rig 

The apparatus, as shown in Figure 2, is composed of a vertical inner cylinder (1) that provides a 

consistent heat flux to the non-conducting fluid (2), which is enclosed within the annular space and bounded by 

another concentric outer cylinder (3).  The outer shell is affixed to the sharp-pointed pins (4), which are uniformly 

fixed in the cross-section and positioned radially in the annular space.  The sections are to be evenly distributed 

along the tube's length.  A D.C. source (5) is employed to apply a high voltage to the interior tube and the pin 

tips.  The pointed needles will serve as electrodes, as they generate a highly non-uniform electrostatic field that 

facilitates heat transfer through electrophoresis and the generation of corona wind. 

 

 
Figure 2. Schematics of the experimental set-up 

 

Experimental Procedure 

The experiment was conducted after the apparatus was entirely fabricated and verified to prevent leaks.   

The Electrical Engineering Department's high-voltage laboratory was the site of the experiments.   The apparatus 

was fastened to a timber settee to ensure electrical safety during the experiment.   The step-up transformer and 

the measuring instruments were substantially preserved from the complete setup.   This was implemented to 

ensure the welfare of the operating and recording personnel from physical harm.  The application of high voltage 
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results in an electric field that is not limited to the experimental apparatus but extends to the surrounding area.   

The cables and thermocouples were maintained at the appropriate length. The heating cylinder was initially heated 

using an electrical supply.  To ensure consistent heat transmission, it was necessary to allocate a certain amount 

of time for the heat to flow from the heating coil to the plaster of Paris powder and subsequently from the plaster 

of Paris powder to the inner cylinder.  This was implemented to guarantee a consistent heat transfer from the inner 

cylinder to the encircling fluid.  After the constant flux condition was achieved, a D.C. source was employed to 

apply voltage to the inner tube and the pin tips.  The pointed needles are employed as electrodes because they 

generate a highly non-uniform electrostatic field, which enhances heat transfer through dielectrophoresis and the 

generation of corona wind.  The predetermined test points steadily increased the voltage, and the corresponding 

readings were recorded. 

Air was employed as a heat transfer medium due to the comprehensive thermal property data available 

for various temperatures.  The mean fluid temperature (T) was maintained at approximately 3500 K because EHD 

effects are more pronounced between 3500 K and 4500 K.  ΔT was maintained at 500 K because the average 

ambient temperature is 3000 K.  Based on the available apparatus, the step-up transformer's capacity in the high-

voltage laboratory was restricted to 1 kV. Consequently, the utmost value of V was restricted to this value.  The 

test sites were chosen at a 100 V difference between 300 V and 1000 V.  The corresponding observations for the 

temperature difference ΔT, current I, and voltage V were documented. The setup required significant time for 

each reading to achieve a constant state condition.  The system's prolonged time to achieve a stable state 

necessitated significant time and effort to document each reading. Recording the readings required an inordinate 

amount of time and energy.  The current supply was also adjusted regularly to prevent electrical tripping between 

the interior cylinder and the pin tips. 

 

III. Results And Discussion 
Table 1 presents experimental data that outlines various conditions for heat transfer using air as the 

medium. The relationship between voltage and current is directly proportional, meaning that as the applied voltage 

(V) increases, the current (I) also increases. This is typical for circuits with resistive or non-linear loads, as 

observed in the experimental setup. For instance, at 300V, the current is 0.15A; at 1000V, it reaches 1.0A. 

Additionally, the product of voltage and current (V*I), representing electrical power input, steadily increases as 

both voltage and current rise. For example, at 300V, the power is 45W, and at 1000V, it jumps to 1000W. This 

suggests that higher voltage results in greater electrical power being supplied to the system. The heat transfer 

surface area (A) and temperature difference (ΔT) remain mostly constant, with the surface area fixed at 0.1094 

m² and ΔT fluctuating slightly between 45°C and 50°C. This controlled environment allows for a clear observation 

of the effect of voltage and current on heat transfer. As for the heat transfer coefficient (h), it increases 

significantly with higher voltage and current. For example, at 300V, the coefficient is 6.58 W/m²K, while at 

1000V, it increases sharply to 155.59 W/m²K. This significant rise in the heat transfer coefficient indicates that 

electro-hydro-dynamic (EHD) effects, such as induced flow, modified thermal boundary layers, and electrostatic 

effects, substantially enhance heat transfer efficiency. Consequently, the system becomes more efficient in 

transferring heat as the applied electrical energy increases. In summary, the data reveals that as the voltage 

increases, both the current and heat transfer power increase, leading to higher heat transfer coefficients, with the 

electro-hydro-dynamic effects driving this enhancement. The trend clearly shows that higher voltage correlates 

with better heat transfer efficiency in the air medium. 

 

Table 1:  Observations - Heat Transfer Medium – Air 
Sr No Voltage 

V 

Volts 

Current 

I 

Amp 

V * I V * I 

With 20% 

Losses 

Heat Transfer 

Surface Area, 

A 

m2 

ΔT 
0C 

A * ΔT h = (V * I)/ 

(A * ΔT) 

W/m2K 

1 300 0.15 45 36 0.1094 50 5.4700 6.581 

2 400 0.23 92 73.6 0.1094 45 4.9230 14.950 

3 500 0.38 190 152 0.1094 47 5.1418 29.561 

4 600 0.51 306 244.8 0.1094 48 5.2512 46.617 

5 700 0.63 441 352.8 0.1094 49 5.3606 65.813 

6 800 0.75 600 480 0.1094 45 4.9230 97.501 

7 900 0.89 801 640.8 0.1094 47 5.1418 124.625 

8 1000 1.0 1000 800 0.1094 47 5.1418 155.587 

 

IV. Conclusions 
The experimental data reveals a clear trend that the heat transfer efficiency increases with higher voltage, 

which enhances the electro-hydro-dynamic effects within the air medium. The relationship between voltage and 

current is linear, as evidenced by the increase in current from 0.15A at 300V to 1.0A at 1000V. Correspondingly, 

the electrical power input (V*I) also rises from 45W at 300V to 1000W at 1000V. The heat transfer coefficient 
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(h) substantially increases with higher voltage, indicating improved heat transfer performance. Specifically, the 

heat transfer coefficient rises from 6.58 W/m²K at 300V to 155.59 W/m²K at 1000V, significantly enhancing heat 

transfer efficiency. These results highlight that applying higher voltage, which drives stronger electro-hydro-

dynamic forces, leads to better convective heat transfer by reducing thermal boundary layers, enhancing fluid 

mixing, and increasing turbulence. Therefore, the data demonstrates that higher voltage increases the electrical 

power supplied to the system and improves the overall heat transfer coefficient, making the system much more 

efficient in transferring heat. 
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