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Foundations for
SCIENTIFIC LEADERSHIP

NEW WAYS TO ‘SEE' AND UNDERSTAND

NOAA Geophysical Fluid Dynamics AIR AND WATER AT EVERY SCALE &) Chesapeake Bay looking south, with major tributaries at

Laboratory models: a) Atmospheric
carbon (red) concentration. b) Atmospheric warming
patterns. c) Temperature anomalies. d) El Nifio/La Nifia
effects on water temperature.

right. Image shows computed salinity, (high levels red,
freshwater dark blue). Rendered from a coupled hydrodynamic/water quality model
developed by Army Corps of Engineers and EPA. The first fully 3-D, time-varying
model of an estuarine environment, the model has enabled new understanding of
multiple eutrophication factors, such s nitrogen from air pollution.
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) In one of the largest molecular simulations yet achieved (106,000 atoms interacting over 5 million time steps), computational
biophysicists at the University of llinois have discovered a key mechanism enabling proteins called aquaporins, which make up the
membranes surrounding cells, to transport large amounts of water — up to 250 liters daily in humans. For details, see page 51

) Visualization of scientfic data begins with exacting mathematics. Cubes test curvature-based transfer functions in a synthetic
data set from a quartic polynomial implicit function, serving to correctness of

and show their effectiveness in a volume rendering context. Cube at right is Gaussian curvature.
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Stages of a supernova explosion over 50
milliseconds: a) Initial implosion. b) In-falling gas
approaches the core, where neutrinos heat and
make the gas buoyant. c) Process causes enough
convective energy transfer to create explosion.

d) University of California-Davis researchers are experimenting with new ways to
visualize multidimensional data sets. Image renders isosurfaces, vorticity, and velocity
of wakes. ) Image of F-16 flying at Mach .9 shows levels of stress on surfaces from
highest (red) to lowest (blue). A University of Colorado researchers innovative model
integrating fluid dynamics and structural stress data evaluates “flutter” - a dangerous
vibration in high-speed flight  in ircratt designs.
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) The physics and chemistry of combustion, one of the most complex
processes in nature, remain a major scientific challenge. DOE/SC
scientists have developed the first fully resolved 3-D simulation of
turbulent methane combustion (image at left), winning the 2003
SIAM/ACM Prize in Computational Science and Engineering.

) Acceleration of concentrated particle beams is a core technique
in the search to understand the elemental forms and properties of
matter. Simulation shows formation of a halo around a single
particle, a sign of incorrect injection of beamline into cyclotron,




