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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
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streamline curvature throughflow calculation method. The agreement of the calculation results witn
experimental data has been improved. It is believed that this simpler equation system can be applied to
the flows not only in subsonic compressors, but also in transonic and supersonic compressots, provided

that a more appropriate model is proposed for the coefficients.

A METHOD FOR OPTIMIZING THE MERIDIONAL PASSAGE

IN A CENTRIFUGAL COMPRESSOR
Rao Jiang and Li Jingping
(R & D Center, Chinese Academy of Sciences)

ABSTRACT A method for optimizing the meridional passage of the rotor in a
centrifugal compressor has been developed according to the theory of 81 and S2 stream filaments. Two
optimization principles are introduced. First, the gradient of static pressure in stream line directon
should be minimized as it is mainly responsible for the boundary layer separation at the hub and
shroud. Second, the gradient of static pressure from hub to shroud should be lessened as possible for it
is generally considered as the major reason for triggering the second flow in/ the passage. According to
these two principles, a reasonable criterion has been set-up.— In order to 'optimize meridional passage
automatically through computer programming, two ppractical approaches have been provided . In one
approach, the passage is modified-again_and again by using formulas derived from the continuity
equation and thermodynamic relations. In-the other, a series'of quadratic curves are introduced to form
a series of meridional passages. ‘In-both these approaches; it is neccessary to predict the flow field by
using “S2 inverse problem” \computet code-many times. Then, according to the above- mentioned
criterion, the optimized meridional passage can be distinguished. Two numerical examples are given in
this paper. Their results are obtained from the two approaches respectively. The comparison of the static
pressure distributions at-hub and shroud between the original and optimized passages indicates that this

method obtains access to the expected results.

OPTIMIZATION OF A COMBINED-CYCLE PROPULSION SYSTEM

FOR SPACE VEHICLE
Lian Xiaochun and Chen Fuqun

(Northwestern Polytechnical University)

ABSTRACT This paper presents some results of optimization of operating modes
transfer in a Supercharged Ejector Ramjet (SERJ) specified for first stage of a two-stage-to-orbit space
vehicle. The SERJ consists of fot_lr subsystem; Fan, Ejector, Ramjet and Air liquefaction subsystem
used as a heat exchanger. Three factors are considered for estimating propulsion system installed thrust .
Internal and external performances of the inlet and the nozzle; power and air extractions from the
engine. An objective of minimization is the minimum of the fuel consumption, which is attained by
varying the transition conditions of different engine operation modes. Then the optimum transition

corditions can be obtained between SERJ and fan ramjet modes, fan ramjet and ramjet modes, ramjet



