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Professor in the Fall of 2000 following two years as a Research Professor at George
Washington University and nineteen years as a research staff member at the Institute for
Defense Analyses (IDA). She was promoted to Professor in July 2007. At IDA she
began her research in modeling and simulation of chemically reacting, two-phase flows
applied to the design of optical instruments for small rocket and satellite space
experiments and post-mission data interpretation.

Since coming to Penn State, Dr. Levin has taught courses in Spacecraft
Environmental Effects, an elective in the Department of Aerospace Engineering for
seniors and graduate students, Mechanics of Fluids, a course for Engineering Science
majors, Aerodynamics | and 11, the junior year courses in incompressible and viscous and
compressible flows for Aerospace Engineering majors, and the Physics of Gases for
Aerospace and Mechanical Engineer graduate students that covers the Kinetics, statistical
mechanics, and quantum mechanics necessary to understand optical spectra of high-
temperature flows. During her two years at GWU she taught General Chemistry, a
course for science majors. She is currently supervising, two M.S. students, six Ph.D.
students, and three postdoctoral fellows. She has graduated five MS and five Ph.D.
students.

Dr. Levin's research combines topics in aerospace engineering and physical
chemistry. Her research spans the general categories of modeling space experiments,
space environments, microfluidics, micropropulsion, and plasma processes. The direct
simulation Monte Carlo (DSMC) method is the primary gas dynamic technique used in
her research to calculate nonequilibrium, transitional flows. In addition, different multi-
scale approaches have been developed to extend the applicability to DSMC to near-
continuum/continuum flows. Molecular dynamics is utilized to develop accurate
physical, fine-grained models particularly for chemical reactions and two-phase cluster
flows.

In the modeling of space experiments, her research has helped to quantitatively
identify the electronically-excited NO» visible radiation as the dominant mechanism of
spacecraft glow, as well as to numerically simulate OH and NH ultraviolet radiation
observed from the Mir space station experiments. Using quasi-classical trajectory
methods, she has been able to replace the usual DSMC semi-empirical chemical model
with physically realistic collisional and chemical cross sections for selected chemical
reactions with low-earth orbit reactive atomic oxygen. Her research has also extended
the DSMC method to the modeling of homogeneous condensation in supersonic plume
expansions, an important component of space-plume signatures as well as materials
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processing. Her most recent project has involved modeling the high-altitude strongly
ionized hypersonic flow and radiation from the Stardust Sample Return Capsule, the
fastest vehicle to survive reentry into earth’s atmosphere.

In addition, she has developed projects in applied research areas related to the
modeling of MEMS microthruster propulsion device performance and materials
survivability in atomic oxygen rich environments. Her first 3-D simulations of MEMS
microthruster gas flows show that the gas-surface interaction model dominates the
physics of these device flows and her first coupled DSMC and heat transfer calculations
demonstrate that the thrust and nozzle survivability can be predicted for different material
cooling strategies. Due to the multiple length scales in these problems, computationally
more efficient forms of DSMC based on collision-limiter techniques have been
developed. These approaches are being applied to the modeling of crack propagation in
reinforced carbon-carbon materials used on the Shuttle wing leading edges and nose and
charring ablator class of materials for planetary exploration.

Dr. Levin serves the Pennsylvania State University with membership on several
committees including those at the departmental and university levels. At the national
level she continues to serve the profession primarily through her participation on the
AIAA Plasmadynamics and Lasers Technical committee, involvement in conference
organization and session chairing, and as a reviewer for various AIAA and APS journals.
She supports DoD and NASA government agencies and industry through contracts and
grants that rely on her expertise in modeling chemically reacting transitional flows.
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Heat Transfer, Vol. 8, p. 453, 1994.
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Diagnostic In Rarefied Flows,” Proceedings of the International Symposium on
Rarefied Gas Dynamics, Beijing, China, pp. 651-656, August 19-24, 1996.
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February 1997.
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Nonequilibrium Hypersonic Bow-Shock Waves,” Journal of Thermophysics and
Heat Transfer, VVol. 12, No. 1, pp. 38, 1998.
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. M. Benson, S. Gimelshein, D. Levin, and A. Montaser, “Modeling of Droplet

Evaporation from a Nebulizer in an Inductively Coupled Plasma,” 22" International
Symposium on Rarefied Gas Dynamics, Sydney, Australia, pp. 246-253, July 9-14,
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Gas Dynamics: 23" International Symposium, edited by A. D. Ketsdever and E. P.
Muntz, American Institute of Physics, 0-7354-0124-1/03, pp. 760-767, 2001.
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163, pp. 182-197, 2003.
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of Thermophysics and Heat Transfer, September 2007.

2. Refereed Proceedings:

D. Levin, I. Boyd and K. Kossi, “Ultraviolet Radiation From The Hydroxyl Radical: A
Diagnostic In Rarefied Flows,” Proceedings of the International Symposium on

Rarefied Gas Dynamics, Beijing, China, August 1996.

R. Collins, D. Levin and V. Dogra, “A Reexamination of the Atmospheric Explorer Data
Using the DSMC Technique,” 21% Rarefied Gas Dynamics Meeting, Marseilles,
France, July 1998.

11



DEBORAH ANN LEVIN

S. Gimelshein, R. Collins and D. Levin, “Numerical Modeling of Radiation in Flows
About a Reentry Vehicle at High Altitudes,” 22" International Symposium on Shock
Waves, Imperial College, London, July 1999.
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