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DERIVATION OF THE UNIVERSAL PHYSICAL EQUATION

OF TURBULENCE AND ITS CANONICAL FORM
Gao Ge
(Beijing University of Aeronautics and Astronautics)

ABSTRACT The fully- detailed derivation of the universal physical equation of
turbulence has been given. Instead of the conventional Reynolds average, a new method, named off-
center ensemble average, is used to obtain the equation. Through some mathematical approximations
and without introducing any empirical coefficients, the equation may provide a secondary order of
accuracy, which satisfies the needs of engineering study of turbulence. In one-dimensional case, the
momentum equation of turbulence is simplified as the mixed Burgers-Korteveg de Vries equation—the
canonical equation of turbulence. The analysis of the Burgers-Kerteweg-de Vries equation gives the
criterion of transition. The physical meaning of the equations is bricfly discussed. It shows that
dissipation and dispersion coexist as two basic physical principles of turbulence. The development of
dissipation is monotonic, describing the conversion of the kinetic turbulence energy into heat due to
viscosity. Dispersion can be either positive or negative. It represents the energy transformation between
the mean flow and the large and micro-eddies before the enérgy is finally dissipated into molecular
heat. Positive dispersion corresponds to cascading down process and negative dispersion means collection
of energy. The mechanison of intermittency and anisotropy, and the effects of noise and developing

history on turbulence are also discussed.

A SIMPLE SPANWISE MIXING MODEL
FOR TURBULENT DIFFUSION AND SECONDARY FLOWS

IN MULTISTAGE AXIAL-FLOW COMPRESSORS
Li Shiming (Tsinghua University)
Chen Maozhang (Beijing University of Aeronautics & Astronautics)
ABSTRACT Three kinds of coefficients are defined and introduced into the basic
equations for meridional throughflow fields in multistage axial- flow compressors deduced by the
authors which describe different kinds of spanwise mixing mechanism in a unified form. Then, a novel
much simpler equation system is obtained without any unknown correlation terms included. It has been
shown that these coefficients involve the full information of all the kinds of mixing mechanism. This
novel equation system not only unifies the two analytical models for meridional throughflow with
mixing which were presented by Adkins and Smith (1981) and Gallimore and Cumpsty (1986)
respectively, but also makes the computations for multistage machines much easier. The calculations of

the flow through multistage machines have been made by incorporating the new model into a



