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Abstract: 

Droplet impact on solid is a critical process in many technologies or industries including spray cooling, spray 

coating, inkjet printing, etc. Meanwhile, it inherently demonstrates the beauty and complexity of nature by 

including the interplay among liquid-solid interaction, interfacial phenomenon and heat transfer in a microscale 

transient process. For decades, researchers have been investigating phenomena, mechanisms and applications of 

fluid dynamics, heat transfer and phase change of droplet impingement in various droplet, substrate and 

environment conditions. Most of them utilized high-speed photography or interferometry to study droplets’ 

morphological outcomes. In recent years, experimental methods i.e. such as IR imaging, LIF thermometry, and 

PIV are introduced to study the temperature and velocity distribution inside a droplet, providing us with new 

insights into microscale droplet heat transfer and fluid flow mechanisms.  

However, simultaneous  acquiring of internal velocity and temperature fields during droplet impingement, which 

can help us understand the interactions among droplet morphology, microscale heat transfer and microscale fluid 

dynamics, is rarely investigated. Two main challenges are simultaneous no-contact measurement of two fields in 

small time and length scales as well as reducing the influence of unneglectable reflection and refraction at varying 

droplet-gas interface.  

In present research, we simultaneously applied μPIV and 2c-PLIF methods to study single and successive droplet 

impingement on heated smooth and engineered substrates. Our investigations revealed detailed droplet-wall heat 

transfer and fluid flow phenomena and microscale origins of different droplet impact outcomes at different 

substrate conditions. We found that droplet temperature distribution was strongly substrate-related: droplet was 

more likely to be heated from several near-wall points on hydrophilic substrates while more likely to be heated 

uniformly on hydrophobic substrates. The difference of droplet temperature caused differences in surface energy 

and surface wave motions which affected droplet morphologies. Vapor bubbles beneath the droplet affected the 

internal flow vorticity and droplet heating by bringing extra momentum and heat transfer resistance, resulting in a 

non- monotonic droplet heating trend with increasing wall temperature. The simultaneous droplet internal velocity 

and temperature field measurement method proposed in present study can help us understand the classic droplet 

impact process in a more detailed, real physical perspective in further investigation. 
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