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Abstract

Diverse forms of energy at varying intensities must penetrate skin tissue to achieve diagnostic and therapeutic
objectives in medical applications, as well as to enhance human thermal comfort and energy efficiency in built
environments. The controlled delivery of fluids and energy to specific tissue depths must overcome the skin
barrier, which consists of multiple layers with distinct physicochemical properties, including mechanical,
optical, thermal, dielectric, and acoustic characteristics. I have employed multiphysics computational and
experimental approaches to understand the interactions between delivered light, fluids, and energy with living
tissues. This knowledge contributes to the design of effective therapeutic techniques and advanced localized
radiant heating solutions targeted at specific sites within the human body. I have demonstrated the application
of these research methodologies in developing medical devices such as radiofrequency hyperthermia and high-
intensity focused ultrasound for cancer treatment, near-infrared laser ablation for endoscopic submucosal
dissection, and pressure-driven needle-free jet injection for intradermal drug delivery. Looking ahead, I aim to
expand my research to explore human-centric control of heat and flow, grounded in a deeper understanding not
only of the physical and physiological aspects but also of the psychological and behavioral factors related to
human interactions with external thermal and fluidic stimuli. By integrating non-invasive or non-contact real-
time sensing techniques for skin tissue properties and psychophysiological states, my work will provide
pioneering insights into patient-specific medical treatment devices and personalized microclimate control in
future transportation modes and smart buildings, all within the framework of human-interactive thermofluidics.
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