THE EFFECTIVENESS WITH WHICH AN INVERSION MEDIUM
APPEARS IN TURBULENT DIFFUSION
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A dimensionless diameter is proposed to characterize the dynamics of the in-
version population in the case of turbulent gas-flow mixing.

The fundamental possibility of achieving inversion in gasdynamic lasers in the case
of mixing [1] is based on the differences in the relaxation velocities (excitation) of the
upper and lower levels of laser transition. For the effective generation of an inversion
medium~it is necessary to mix the components to molecular levels within periods of time short-
er than the relaxation times. The absence of a rigorous theory to explain turbulent mixing
prevents us from calculating the dynamics of the molecular energy level populations under
these conditions.

Let us examine the mixing of adjacent layers of a fluid. The surface separating these
layers in the case of a turbulent regime acquires a "crumpled' appearance or, in the usual
terminology, it becomes a fractal object. The molecular structure of a real physical medium,
as well as the intermolecular forces, lead to the existence of a minimum scale (the dimension
of the mole). However, mixing to the molecular level is accomplished by diffusion processes.
Within the time T the surface separating the layers of the fluid is "spread out" over a dis-
tance on the order of vDT. As a condition for the effective generation of an inversion medi-
um we require that the mixing to the molecular level take place within a time smaller than
7. The magnitude of 1 is defined as the greater of the relaxation (excitation) time which
characterizes the duration of the existence of the inversion in a totally mixed medium. Thus,
this sought condition can be written in the following form:

dVDr< 1.

Let us express all of the quantities in terms of the mean free path A, the time t between
collisions, and the quantity N = t/t of collisions necessary for relaxation, and the Knud-
sen number Kn = A/d. For the quantity DT we obtain Dt = A(A/t)tN = A2N. After substitution
into the original relationship and squaring, we obtain

KnzV > 1.

Let us assume that Kn is a quantity on the order of 1072 [2] (this value has been ob-
tained for the turbulent flow regime in the mixing layer of a supersonic nitrogen jet). From
this we find that the effective generation of an inversion medium in turbulent mixing is
possible for systems with N 2 10*. It is not difficult to see that for a gasdynamic CO,
laser used for mixing this condition is satisfied for the relaxation times of the upper laser
level on collisions with He, CO,, and N,, as well as for the excitation times of the lower
laser level on collision with oscillation excited nitrogen [1, 3].

NOTATION
D, coefficient of diffusion; d, minimum fractal dimension.
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