Summary of Work

Prof. Alexeenko’s work centers on advancing fundamental knowledge of heat and mass transfer phenomena under strong non-equilibrium, creating new tools of inquiry in these areas and application of new knowledge to address practical challenges in spaceflight and manufacturing technologies. 

I. Advancement of numerical methods and high-fidelity physical models for non-equilibrium and rarefied flows. 
· Deterministic solution of Boltzmann equation including some of the first and most comprehensive deterministic Boltzmann solvers based on  (i) unsteady finite-volume solvers including new immersed boundary method for Boltzmann-ESBGK equations [J17,J19,J21,J48]; and (ii) high-order Runge-Kutta discontinuous Galerkin method for Boltzmann-ESBGK equations [J47] and discontinuous Galerkin Fast Spectral (DGFS) for full Boltzmann equation [J77,J81].  Entropy-based a priori analysis of numerical accuracy for deterministic simulations of rarefied gases [J23,C29,C54] were formulated with a discrete version of Boltzmann’s H-theorem for analysis of non-equilibrium onset and accuracy of numerical modeling of rarefied gas flows. 
· High-fidelity molecular interaction models for the direct simulation Monte Carlo (DSMC). The three principal research thrusts are a) efficient DSMC collision models for complex intermolecular interaction potentials; b) upscaling ab initio quantum chemistry modeling for consistent, high-fidelity simulation of chemically reacting flows by DSMC and CFD and c) DSMC simulation techniques for complex gas/vapor systems with icing and condensation. Efficient DSMC molecular collision models for complex intermolecular interaction potentials [J24,J29,J31,J46] to enable high-fidelity DSMC simulations for complex vapors (metal atoms and clusters, metal-organic compounds). A systematic approach for obtaining molecular models for metallic vapors have been suggested in C48 and validated by comparison with experimental measurements using e-beam physical vapor deposition [J24,J29].  The work C53 presented a DSMC collision model for the Lennard-Jones potential and fast implementation by high-order polynomial representation of scattering. The work [J49] is a critical review of experimental measurements and ab-initio calculations of shear viscosity and self-diffusion coefficients for common gases determining optimal DSMC model parameters from 50 to 2,200 K.  Alexeenko’s group developed state-specific air chemistry modeling based on quasi-classical trajectory (QCT) simulations [J50]. DSMC and CFD modeling for gas/vapor flows with icing and condensation [J20,J34,J36,J39,J42,C42,C44] in pharmaceutical lyophilization have been adopted by industry.  

II. Experimental studies of rarefied flows and application of microscale gaseous phenomena for novel devices and systems. Professor Alexeenko has developed High-Vacuum Laboratory at ASL as an experimental facility to study low-pressure rarefied gas flows, spacecraft thermal and for micropropulsion testing. The accurate micro-Newton force measurements in high-vacuum environment combined with the N/MEMS microfabrication provided unique capabilities for research and development of microsystems for space applications. Experimental validation of rarefied microflow simulations developed for generic MEMS [J17,J18,J22,J27] and microscale thermally driven flows [J16,J19,J21,J26,J84]. In [J26,J45], the first validation for Knudsen thermal force in MEMS have been presented with a closed-form model leading to a novel MEMS device MIKRA based on Knudsen force [P2].  Alexeenko led the development of film-evaporation MEMS tunable array (FEMTA) for picosat propulsion and thermal control [E.2.74, E.2.76] from an initial concept in 2013 to a TRL 6 in 2018 and the upcoming suborbital spaceflight testing under the NASA REDDI program. 

