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The overarching goal of my research, education and service work as a faculty is to advance the fundamental knowledge of thermal transport phenomena in application to new spaceflight and manufacturing technologies. I seek to broaden access to engineering careers and develop new modalities of experiential learning at the intersection of research and undergraduate education. Specific areas I will pursue include: 
· Tunable RF/Microwave Heating for Biologics Manufacturing: Our ongoing collaboration supported by NIIMBL Global Health Fund demonstrated highly uniform, fast volumetric heating for lyophilization with retained protein stability and live attenuated virus vaccine potency. Currently we are applying the high-frequency quasi Random-Field (RF)/Microwave lyophilization for mAb and diagnostic reagents and developing approaches to integrate it with conventional lyophilizers. To bring this technology for public use I have co-founded Lyowave Inc in 2023. My long-term vision is to lead LyoHUB to enable fast and energy efficient GMP alternatives to the current freeze-drying and freeze-thaw practices as well as develop standard reference materials for solid-state biologics such as lyophilized NIST mAb.
· Rarefied Multiphase Porous Media Flows: Fundamental understanding of vapor and non-condensable transport through microporous deformable dried materials is needed for ab initio modeling of lyophilization, spray drying and emerging drying technologies. The mass transport is currently lumped into empirical factors that are highly uncertain for real time model-predictive control. The aim is to apply the recent advances in both computational capabilities and high-resolution material characterization to develop a comprehensive predictive capability for rarefied porous flows.  
· In-Space Pharmaceutical Manufacturing Unique advantages of space environment - reduced gravity, wide accessible thermal range, sterility – are ripe to explore for manufacturing and stable supply chain of future medicines. This will require long-term efforts engaging diverse stakeholders. I am eager to apply my experience in both spacecraft technology - specifically smallsat micropropulstion for precise attitude control and spacecraft thermal management -  and pharmaceutical manufacturing to make critical steps towards the new industrial uses of the space environment. This has been the topic of my keynote lecture at the 2024 IEEE MEMS. 



