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The assumption of self-similarity and the existence of an
exact invariant are combined to predict the decay rate of
homogeneous turbulence.

ON the assumptions that turbulence remains self-
similar during decay and that the ‘‘Loitsianskii
integral”’

u’ fom 1) dr

remains invariant, Kolmogorov' predicted for iso-
tropic turbulence that u* « %7 and L o« *7
during decay. Here, u = < u? >1is the root-mean-
square velocity, f(r) is the longitudinal correlation
function®, and L is an integral length scale. An
alternative deriviation of the Kolmogorov decay
law based on equivalent assumptions has been
given recently by Comte-Bellot and Corrsin®, who
have also discussed extensively the comparison with
experiment.

Now, it has been known for some time*® that the
Loitsianskii integral is not invariant, so that the
Kolmogorov decay law is of particularly doubtful
significance unless it can be shown that the change
in the Loitsianskii integral is slow compared with
the energy decay. However, a more important
objection is that reecent work by the author® has
confirmed the speculation by Birkhoff’ that the
Loitsianskii integral is in general divergent, and
that it is only for a restricted type of isotropic
turbulence that the Loitsianskii integral exists.®

On the other hand, for general homogeneous
turbulence it was found that another invariant
exists, namely

f FR@) dr = C, 1)
0
where

R() = é—}? f. Rl dA®;

R ;;(1) is the velocity covariance tensor, and dA(r)
is the element of area on a sphere of radius r. The
equivalent statement to (1) for the energy spectrum
function is that E(k) ~ (2C/x) k* as k — 0, where
C is a constant which will not in general be zero.
For isotropic turbulence, R(r) = % +* (8f + rf');
and the condition for the Loitsianskii integral to
exist is C = 0, since from (1) f(r) ~ (6C/u’)r® as
r— o,

If we now follow Kolmogorov', or Comte—Bellot
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and Corrsin’, but replace the invariance of the
Loitsianskii integral by the invariance of (1) or the
equivalent condition on E(k), we find for the decay
rate

u2 — Kc2/5t~6/5’ L = K,cl/stz/s, (2)

where K, K’ are constants that depend upon the
structure of the turbulence. A simple way of deriving
these results is to write R(r) = «*¥(r/L) from the
assumption of self-similarity and du®/dt = — Av®*/L
from the further assumption of Reynolds number
independence (this is basically equivalent to the
assumption'® that an inertial subrange exists). The
results (2) follow immediately with K, K’ related to
4 and [50" ¥(p)dp.

Notice that there is no need to assume that the
turbulence is isotropic, but the assumption of
self-similarity is of course crucial. Comparison with
the experimental data® shows that the results (2) fit
the measurements for the initial period of decay at
least as well and probably better than the
Kolmogorov decay law. Indeed, the agreement is
much closer than the nature of the assumptions
would entitle one to expect.
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The probability function for the turbulent velocity in a
duct flow is determined from the frequency shift of laser
illumination scattered by small particles contained in the
flow. From this, the mean turbulent velocity and the intensity
of turbulence are obtained.

THE feasibility of measuring steady fluid velocities
from the Doppler shift of scattered laser radia-
tion was first demonstrated by Yeh and Cummins.!
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