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Analysis of previously obtained [1] dynamic equations for the cor-
relation of the velocities of a fluid and the fine paricles suspended in
it indicate that in the final period of decay of isotropic turbulence the
presence of suspended particles not only leads to a more rapid (expon-
ential) damping of the fluctuations but, in the case of finite values of
the fluid~particle density ratio, also results in distortion of the spect-
rum and reduction of the microscales of turbulence.

In the final period of decay of isotropic turbulence of a mixture
of a fluid and particles whose density is higher than that of the fluid
the traces of the correlation tensors are described by the system of
equations {1]
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Here v is the kinematic viscosity of the fluid, « is the radius of
the particles, which are assumed to be spherical, p is the mean vol-
ume concentration of particles in the mixture, ® is the fluid-particle
density ratio,
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Here v; and w; are the components of the fluctuation velocities of
fluid and particles.

System (1) was obtained on the assumption that p << 1, a < Ay
where A, is the internal scale of turbulence, Moreover, for the inter-
action between particles and fluid we have taken the usual Stokes
expression,

We now introduce the three-dimensional energy spectrum func-
tions
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Applying the Fourier sine-transformation to the functions v i(r, 1),
s
Wi i(r, 1), Ty, i(r, t), we reduce system (1) to the form
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System (3) describes the variation with time of the spectrum func-
tions defined by relations (2), Note that in the absence of particles,
i.e., when p = 0, the first equation of system (3) is identical with the
usual dynamic energy spectrum equarion, when the spectral transfer
function [2] is neglected.

After transformations, the characteristic equation of system (3)
takes the form
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The roots of this equation are

M= —0—2x, A=A + (0 + 4cPxup)",
Ay = Ay — (@2 -+ de2np)te, (4)

As a result, we arrive at the following fundamental system of sol-
utions:

Ey = 4enp e)\l(t—’a)' Fi = — 4cPnp eh(‘-—-iu).
G, = beno M=),
E, = {0 [0 — (@ + 4etup)'s] +
+ 2¢%xp} ehali—to)
Fy = 2ct2 oM py o 2ety2 ehli—ta),

Gy = — 2% [0 — (0% + 4ePup)'] ehelt—2),
By = {00 [0 + (0 + 4e?xp)s] + 2etup) ehti—to),
Gy = — 2cx [0 + (0% + 4ePup)'ls] eMli—4), (5)

In expressions (4) and (5) w = vk? + c(p — ).

Not all the solutions of system (3) have physical significance. In
fact, the quantities E and F must be essentially positive, i.e., E; and
Fj in (5) must have the same sign. Obviously, this is not fulfilled for
E; and Fy corresponding to the root Ay of the characteristic equation;
hence this solution must be discarded. The functions E, and F have
the same sign only over a limited interval of variation of the wave
number k, Moreover, these functions tend to zero as p —> 0 orn — 0,
In fact, as p — 0 the quantity E should go over into the spectrum
function for a homogeneous turbulent fluid, and as% —> 0 it should
correspond to the solution of [1].

Here we shall confine ourselves to a consideration of the particu-
lar solution corresponding to the root Ag of the characteristic equation.
It is easy to see that even in the case of negative w the quantities Eq
and F; have the same sign, For w = min {w} =~ c{ —~ p) we have

Fy> 0.

The dependence of the damping factor and the relative values of
the spectrum functions corresponding to the root Ay on the values of
the wave number is given in Figs. 1 and 2,

Thus, we can write

min {E} = 2c%p? exp [Ag (£ — £5)] >0,

E (K, t) = E (k, to) exp {— (vk* + ¢ (p + ) +
+ [(vEH? + 2 (p — %) vE? + o® (p + 23] (t — to)}. (6)

It is easy to see that as p — 0 relation (6) gives the spectrum
function for a homogeneous turbulent fluid [2]. As % ~ 0 relation
(8) yields the result previously obtained in [1], namely, that at % =~
~ 0 the turbulent motion of the fluid-particle mixture is similar to
the turbulent motion of the homogeneous fluid (without particles)
in the sense that the presence of the particles affects only the fluctu-
ation energy, the scales of turbulence and the structure of the energy
spectrum remaining unaffected,
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For large and small wave numbers we get, respectively:
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From (6), (7) and (8) it follows that at % = 0 the decay of iso-
tropic turbulence of the fluid-particle mixture is accompanied by a
considerable distortion of the energy spectrum as compared with the
case of a homogeneous fluid. In the region of large wave numbers the
presence of particles is mainly expressed in the appearance of a term
describing additional exponential damping without serious distortion
of the spectrum (i, e., the result of [1] relating to the case ®» & 0 has
a universal character in this region), In the region of small wave num-
bers there is observed not only additional damping but a change in
viscous damping, and hence distortion of the energy spectrum,

Thus, the particle effect is most important at small wave numbers,
Despite the widely disseminated a priori assertions of [2], it is precise-
ly in this region of wave numbers that the distortion of the energy
specttum is most significant, i.e., the particles favor the decay of
large, rather than small eddies,

Using expression (8) and the fact that at small k the function
E(k,to) ~k*, itis easy to obtain an expression for the trace of the

correlation tensor V; ;. We have
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Hence the turbulent fluctuations of the fluid in the presence of
suspended particles damp according to the law

w2y = const ™2 exp [— 2¢ (p + %) t]. (10)

At ® = 0 expressions (9) and (10) reduce to those obtained previous-
1y for high-inertia particles [1]. Finally, we note that, as before, the
correlation coefficients are desciibed by a Gaussian curve, Thus, for
the longitudinal correlation coefficient from (9) we have
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Hence it follows that the microscales of turbulence expressed in
terms of the correlation coefficients are reduced by [(p + %)/p]l/2
times as compared with the case of a homogeneous fluid, The process
of decay of tutbulence of the mixture in the final period will be self-
similar, as inthe case of a homogeneous fluid,

We note that, if the factor exp [~ 2c(p + %) t]is neglected, Eqs.
(9), (10) and (11) coincide with the corresponding expressions for the
turbulence of a homogeneous fluid, if instead of the kinematic vis-
cosity v we introduce some effective coefficient v¥ = vp/ (p + %),

We note further that (9) follows from the asymptotic representa-
tion of (8), valid at vi¢ « cp. Therefore in (9) and the expressions
following from it passage to the limit as p — 0 is impossible,
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