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As a key researcher in the internationally rec-
ognized IIT Fluid Dynamics Research Center
(FDRC), MMAE Professor Candace Wark spe-
cializes in the study of experimental methods
in fluid dynamics as they relate to the flow of
fluids in motion.Wark has spent nearly 25
years conducting classical smooth-wall turbu-
lent boundary layer research at FDRC’s
world-renowned Mark Morkovin Wind Tunnel,
first as a Ph.D. student under the supervision
of Rettaliata Distinguished Professor Hassan
Nagib, and continuing for close to 20 years as
an MMAE faculty member.

Research Expertise
As fluids move over an object, a thin layer—
the boundary layer—is created next to the
surface of the object and, for most practical
applications, the fluid within this boundary
layer is turbulent. Successful prediction of the
flow properties within the turbulent boundary
layer is one of the major obstacles in modern
aerodynamics. Better predictive tools could
result in control methods to improve drag, lift,
and performance characteristics in modern
aircraft, automobiles, and submarines.Wark
has conducted extensive experimental research
to generate and interpret complex data in
support of the development of more accurate
predictive turbulence models.

Applications in Urban Settings
During the past three years,Wark has
expanded the scope of her turbulence research
to investigate for the United States Office of
Naval Research an atmospheric boundary layer
that includes flow over very rough surfaces
typical of urban settings. The results of this
research may enable the eventual development
of better predictive models of contaminant or
air pollution dispersion and weather conditions.
Other potential applications include the effect
of wind patterns in and around cities on
wind-induced noise and on heat losses to
and from buildings.

Designed to measure the atmospheric flow
through an urban-type boundary layer, the
experimental setup consists of an array of 12
obstacles (four rows of three cuboid Plexiglas
blocks) placed in the test section of an environ-
mental wind tunnel [see sidebar]. Utilizing
hot-wire anemometry, oil-film interferometry,
and stereo particle image velocimetry (SPIV),
IIT researchers are able to measure all three
velocity components and the wall shear stress
within the urban array. The use of SPIV allows
the team to record images of tracer particles
at hundreds of positions within the urban
array and to investigate the complicated
aerodynamic interactions between the various
obstacles. These quantities will provide a
unique database for the numerical model
being developed in parallel by MMAE
Professor Dietmar Rempfer.
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Urban Flow
Simulation

The FDRC Mark Morkovin Wind
Tunnel SPIV setup includes two
cameras that image the movement
of small millimeter-sized aerosol
particles through the mock urban
setting. Two lasers illuminate the
particles at two instances in time:
one laser illuminates the particles
at one location within the urban
array at a given time [see photo].
A short time later (on the order of
microseconds), the second laser
illuminates the same location
within the urban array. Due to the
flow, the particles will have moved
in space, and two cameras cap-
ture both images. The processing
of these images provides all three
velocity components over that
region in the urban array.


