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FINAL STAGE MOTION OF FREE TURBULENCE
Chou Pei—yuan
(Faculty of Mathematics and Mechanies)
and

Tsai Shu-tang
(Institute of Mechanics, Academia Siniea)
ABSTRACT

Due to the gradual energy decay the free turbulent shear flow far down-
stream resembles the final stage motion of homogeneous isotropic turbulence. As
in the latter case we adopt the concept of vortex motion structure of turbulence
to solve the present problem. The dynamical basis of vortex motion solution is
the set of equations of turbulent velocity fluctuation. In the flow field of
the final stage motion of free turbulence the Reynolds number of turbulence
is comparatively small, hence the non-linear terms in the dynamical equations
can be neglected. Furthermore the size of vortices which form the turblent ffow
is regarded small, so within the range of each vortex the mean turbulent
velocity and its gradient can be considered to be independent of the changes
of the space coordinates. We now seek the following approximate solution of
the linearized equations of turbulent velocity fluctuation: one part of the
turbulent velocity fluctuation represents the final stage motion of homogeneous
isotropic turbulence, while the other is proportional to the gradient of mean
" velocity, the latter part being smaller than the former. From this approximate
solution the shearing component of the Reynolds stress is found to be directly
proportional to the gradient of mean velocity. Asa special example of the
general solution we consider the case of the two-dimensioral wake. Within the
wake we put, furthermore, a plane grid norwmal to the plans of symmetry of
the wake. This grid then cieatss 1n 13 downward stream a homogeneous
isotropic turbulence field superimposed upon that of the wake. Our solution is
applicable to places far downstream both from the body which creates the wake
and from the grid. Since the flow here is mnearer to the grid, so the
turb?ﬂence level of the homogeneous isotropic turbulence would be higher than
that of the wake. Consequently the conditions of the general solution can be
satisfied. The present paper presents the solutions of the mean velocity and
the mean squares of turbulent velocity fluctuation of the wake. These theoretical
results can all be tested by experiment. On account of that we only discuss the
final stage motion of free turbulence, the question how to lay down the
upstream boundary condition of the flow field when solving the differential

equations of the mean flow needs further consideration by other methods.



