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Capillary networks are ubiquitous in nature and biology. Understanding these networks is fundamental to comprehending vascular systems in animals, capillary networks in plants, and has extensive applications in medicine and science. However, many questions remain about how these networks regulate and control flow. While we grasp the general principles of capillary networks and their functions, ongoing research explores how these networks dynamically respond to changes, adapt to varying conditions, and whether they retain memory of past states. Establishing a model system of capillary networks allows us to ask new and exciting questions, such as: "Do capillary networks have memory?"
Creating a model system of capillary networks in nature presents two main challenges. First, the ability to dynamically change the nature of bonds in the networks and it influence transport. Second, designing networks that can evolve dynamically in response to external stimuli. Achieving these two aims could revolutionize our ability to reconfigure macroscale flow through the active control of local bonds in capillary networks.
Here, I propose a novel experimental model system of capillary networks, composed of hundreds of interconnected liquid diodes. Analogous to electric diodes, these microscale surface structures guide liquids in specific directions while preventing reverse flow. However, under certain conditions, liquid diodes can fail, allowing bidirectional flow. This introduces bonds of different natures into the capillary networks.
This system will enable us to determine whether the wetting state of the liquid in the network depends on the history of actuation—essentially, whether capillary networks can possess memory. This intriguing question opens a new realm of possibilities, such as the potential to encode information within capillary networks, understand how transport responds to external stimuli, explore the interplay between global actuation and local fluid dynamics, investigate the coupling between mechanics and flow, and elucidate how information propagates through capillary networks.
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Capillary networks are ubiquitous in nature and biology. Understanding these networks is 


fundamental to comprehending vascular systems in animals, capillary networks in plants, and has 


extensive applications in medicine and science. However, many questio


ns remain about how these 


networks regulate and control flow. While we grasp the general principles of capillary networks and 


their functions, ongoing research explores how these networks dynamically respond to changes, 


adapt to varying conditions, and whe


ther they retain memory of past states. Establishing a model 


system of capillary networks allows us to ask new and exciting questions, such as: "Do capillary 


networks have memory?"


 


Creating a model system of capillary networks in nature presents two main c


hallenges. First, 


the ability to dynamically change the nature of bonds in the networks and it influence transport. 


Second, designing networks that can evolve dynamically in response to external stimuli. Achieving 


these two aims could revolutionize our abi


lity to reconfigure macroscale flow through the active 


control of local bonds in capillary networks.


 


Here, I propose a novel experimental model system of capillary networks, composed of 


hundreds of interconnected liquid diodes. Analogous to electric diodes


, these microscale surface 


structures guide liquids in specific directions while preventing reverse flow. However, under certain 


conditions, liquid diodes can fail, allowing bidirectional flow. This introduces bonds of different 


natures into the capillary 


networks.


 


This system will enable us to determine whether the wetting state of the liquid in the network 


depends on the history of actuation


—


essentially, whether capillary networks can possess memory. 


This intriguing question opens a new realm of possibili


ties, such as the potential to encode 


information within capillary networks, understand how transport responds to external stimuli, 


explore the interplay between global actuation and local fluid dynamics, investigate the coupling 


between mechanics and flow


, and elucidate how information propagates through capillary networks.
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