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Abstract— This paper presents a Vivaldi-shaped 

reconfigurable antenna that uses distilled water for 

frequency tuning, designed on a Rogers RT-Duroid 5880 

substrate. The antenna utilizes a hollow structure filled with 

fluid to enable dynamic reconfiguration of operating 

frequency and reflection characteristics. A comparative 

analysis was performed on four configurations: no fluid, 1 

mm fluid height, 2 mm fluid height, and the final filled fluid 

configuration. The final configuration achieved good 

impedance matching performance, exhibiting a reflection 

coefficient of -33.02 dB at 21.18 GHz. The Farfield and gain 

results show no major negative effects of fluid integration in 

the Vivaldi antenna. These results validate the potential of 

using Fluid in antennas for tunable, high-frequency, and 

reconfigurable communication systems. 
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I. INTRODUCTION 

As wireless communication continues to evolve, there's a 

growing need for antennas that can adapt quickly and perform 

more efficiently. To meet this demand, researchers are 

exploring advanced materials and smart design techniques to 

develop more capable and flexible antenna systems. By using 

metamaterials specially designed to manipulate signals, these 

antennas can now shift frequencies or change the direction of 

their beams by adjusting the signal phase near the antenna 

surface. A notable innovation in this field is the use of water- 

based fluid surfaces that can actively steer the antenna beam 

in real time [1], incorporating the applicable criteria that 

follow. Furthermore, microfluidic channels filled with 

distilled water enable antennas to fine-tune their behaviour 

and switch frequencies based on the available spectrum, 

ensuring efficient and reconfigurable performance for future 

wireless systems [2]. In addition, a fluid-tuned reconfigurable 

antenna has been proposed using castor oil and silicon oil to 

adjust dielectric properties by changing fluid volume. The 

antenna's frequency and radiation behaviour can be precisely 

controlled, showing strong potential for adaptive WLAN 

applications [3]. 

There is an increasing need for more intelligent and 

flexible communication solutions due to the quick 

development of 6G wireless technology. Technologies 

that allow antennas to get enhance and physically 

change shape or position like Fluid Antenna Systems (FAS) 

and Fluid Antenna Multiple Access (FAMA), offer 

promising alternatives. These technologies meet the needs 

of next-generation wireless networks by improving signal 

quality, increasing spectrum efficiency, and consuming 

less energy [4]. Reliable communication in this rapidly 

evolving wireless world depends on antennas that can 

adjust both their frequency and polarization. To meet this 

demand, researchers are now using liquid metals such as 

Eutectic Gallium-Indium (EGaIn) to create reconfigurable 

antennas. These materials can flow and reshape within 

microfluidic channels, enabling flexible control. A 

recently developed liquid metal spiral antenna delivers 

wideband performance and tuneable polarization, making 

it a strong candidate for advanced communication plat- 

forms such as satellite systems and multifunctional 

electronics [5]. In addition, using liquid metal technology 

solves the problems found in traditional solid components, 

such as being too stiff, difficult to reassemble, and prone 

to signal problems. Polarization-adaptive antennas will be 

critical as billions of devices are expected to connect 

through Wi- Fi, Bluetooth, and ZigBee platforms, and 

as polarization-adaptive antennas are expected to reduce 

signal loss and interference [6]. Flexible antennas are now 

being developed using liquid metal alloy like eutectic 

gallium-indium (EGaIn), which are now injected into 

microfluidic channels embedded in soft materials such as 

PDMS [7]. Antenna play a vital role in communication and 

radar systems by efficiently transmitting and receiving 

signals traditionally made from metal. However, 

limitations of rigid metal designs led to the rise of 

alternatives like dielectric and liquid antennas, which offer 

flexibility, reconfigurability, and resilience making them 

ideal for modern, adaptive applications [8]. 

A novel method of incorporating fluid into a Vivaldi 

antenna is presented in this paper. The Vivaldi antenna is 

designed on a Rogers RT-duroid 5880 operating at 21.12 

GHz, and fluid is placed inside its hollow shape. 

Additionally, depending on how much liquid is injected 

into the antenna, the suggested antenna can operate on a 

variety of frequencies. 
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