or half a century now, physicists have
Fused computers to augment the predic-
tive power of physical theories and to com-
plement experimental studies of complex
systems. Steady advances during that time in
computer hardware and computational algo-
rithms have greatly expanded the scope and
effectiveness of this approach. As a result,
computer modeling and simulation of physi-
cal properties, processes, and phenomena
have permeated all areas of physics and engi-
neering and are beginning to have a major
impact on industry.

Significant applications of computational
physics were among the topics highlighted at
the recent International Conference of Com-
putational Physics, informally referred to as
PC "97. The Aug. 24-25 meeting, held in
Santa Cruz, California, was primarily spon-
sored by the Division of Computational
Physics and was the first full conference co-
sponsored by the Forum on Industrial and
Applied Physics.

Computational physics is distinct from
the traditional approaches of theory and
experiment, although it combines elements
of both. Usually, the underlying physical

laws (e.g., Newton’s equations of motion)
are well known, but the complexity of the
intended application precludes an analytical
solution. By carrying out the calculations or
simulating the system on a computer, one
obtains either specific numerical predictions
or insights into the collective behavior. The
results can be validated against or used in
lieu of experiment, or used to test or assist in
the development of higher-level theories.
Often the computational methods are
applied to simplified mathematical models,
which are themselves abstractions of key ele-
ments of more complex physical systems.

As computational physics has become
increasingly powerful, it has made significant
contributions to every branch of physics,
from condensed matter to elementary parti-
cles. In areas where the physics is particular-
ly well understood and efficient algorithms
have been developed, reliable commercial
software often exists and is routinely used by
engineers. Computational physicists, howev-
er, tend to focus more on the forefronts of
the field, where they are constantly exploring
new methodologies and applications of both
industrial and academic interest.

Industry’s interest

Computer modeling and simulation are
already pervasive in many industries because
of their ability to lower costs and product
development times while increasing quality
and flexibility. By pushing the limits of what
modeling can accomplish, computational
physics provides important new industrial
opportunities.

Ford Motor Company, for example, is
attempting to use the latest developments in
computational fluid dynamics (CFD) to cre-
ate a “virtual” wind tunnel in which to test
the aerodynamics of “virtual” vehicles.
Knowing the flow pattern around a vehicle
helps predict everything from handling and
fuel efficiency to the noise levels inside the
passenger compartment. A purely computa-
tional test is not only much faster and cheap-
er than a real wind tunnel test; it does not
even require a physical prototype and can
thus provide feedback at a much earlier stage



Figure 2 Simulations of the displace-

ment of one fluid (blue) by another
(orange) in a porous medium, a problem
with widespread geological and enviro-

mental significance.

The calculated pressures on the side win-
dow, where a flow vortex is a major source of
interior noise, agree well with real wind tun-
nel measurements. To assist vehicle design-
ers further in reducing wind noise, exten-
sions of this work are in progress to predict
acoustic pressure fluctuations, which are two
to three orders of magnitude smaller than
the hydrodynamic fluctuations considered
thus far.

Transport and diffusion of fluids through
porous media is a problem of central impor-
tance in petroleum exploration, in environ-
mental monitoring and remediation, and in
many aspects of chemical engineering and
materials science. Physicist Larry Schwartz
and colleagues at Schlumberger-Doll
Research (Ridgefield, CT) have generated
computer models of porous sandstone and
have successfully calculated many of its
properties, including the displacement of
one fluid by another within its pores [Figure
2]. This effort may eventually lead to
improved technologies for petroleum detec-
tion and recovery.

Given the relative infancy of computation-
al physics and the rapid progress being made,
there is every reason to be optimistic that in
the future it will be used over an increasing
range of length and time scales, thus opening
up major new areas where modeling and sim-
ulation can be exploited. From an industrial
perspective, the potential impact of this and
other advances in computational physics are
exciting to contemplate.

Ken Hass, a staff technical specialist at Ford
Motor Company (khassl@ford.com) co-
chaired the PC 97 program committee.
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