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ABSTRACT

The coupling between the intrinsic angular momentum and
the hydrodynamic linear momentum has been known to be
prominent in fluid flows involving physics across multiple
length and time scales, e.g. turbulence, nonequilibrium
flows and flows at micro-/nano-scale. Since the classical
Navier-Stokes (NS) equations and Boltzmann’s kinetic
theory are derived on the basis of monatomic gases or
volumeless points, efforts to derive constitutive equations
involving intrinsic rotation for fluids have been found
since the 1960s. One of the proposed efforts is the
morphing continuum theory (MCT), reformulated by the
speaker through kinetic theory and the Boltzmann-Curtiss
formulations. The kinetic nature of MCT will be briefly
introduced in this talk. The multiscale nature of MCT allows
one to observe the separate routes of energy transfer
during the cascade. The direct relations between MCT and
NS will also be discussed. Several cases will be presented
in this seminar. The first one is the homogeneous isotropic
turbulence, which focuses on the energy routes and

their physical meanings. MCT predicts a similar energy
decay rate as that in the NS-based DNS, and the detailed
energy transfer through different routes are presented.
The second case is a supersonic turbulence over a
compression ramp, where the results are compared with
the experimental measurements and the energy analysis
can be used to establish turbulence models. The last case
is a transonic turbulence over an axisymmetric hill, which
compares the computational cost of MCT-based DNS with
that of the NS-based DNS. The simulation shows that MCT
only requires a mesh number an order less than that used
in a NS-based study while providing a better prediction on
the pressure profile.
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