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[G. 1. The quantity eL,/u" for biplane square-mesh grids. All data except 0 100 200 300
- are for the initial period of delay, and are explained in Table I. + indi-
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FIG. 1. Normalized dissipation rate for a number of shear flows. Details as
found in this work and Refs. 14-16. (a) C% [Eq. (3)]; (b) C [Eq. (4)]. OJ,
circular disk, 154<R\,=<188; V, pipe, 70=R,=<178; ¢, normal plate, 79
<R, =335; A, NORMAN grid, 174<R,<516; X NORMAN grid (slight mean
shear, dU/dy~dU/dy| ,/2), 607<R,=<1217; [>, NORMAN grid (zero mean
shear), 425<R, <1120; @, “active” grid Refs. 14, 15, I00=<R,=<731; ¢,
“active” grid, with L, estimated by Ref. 16. For Ref. 14 data, we estimate
L,~0.1 m and for Ref. 15 data we estimate L,~0.225 m.
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Big whirls have little whirls, That feed
on their velocity;And little whirls have
lesser whirls,And so on to viscosity
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“It is of some interest to note that
in principle, turbulent dissipation as
described could take place just as
readily without the final assistance
by viscosity. In the absence of vis-
cosity, the standard proof of the
conservation of energy does not ap-
ply, because the velocity field does
not remain differentiable! In fact it
is possible to show that the veloc-
ity field in such “ideal” turbulence
cannot obey any LIPSCHITZ con-
dition of the form

(26) |v(r'+r)—v(r)| < (const.)r"

for any order n greater than 1/3,;
otherwise the energy is conserved.
Of course, under the circumstances,
the ordinary formulation of the laws
of motion in terms of differential

Lars Onsager (1903-1976) equations becomes inadequate and
must be replaced by a more general
description...

“Statistical Hydrodynamics” (1949)
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Let us determine the order of magnitude v, of the turbulent velocity variation over
distances of the order of A. It must be determined only by ¢ and, of course, the distance 4
itself. T From these two quantities we can form only one having the dimensions of velocity,
namely (e4)). Hence we can say that the relation

v, oc (€A} (33.6)

must hold. We thus find that the velocity variation over a small distance is proportional to
the cube root of the distance (Kolmogorov and Obukhov’s law). The quantity v, may also be
regarded as the velocity of turbulent eddies whose size is of the order of A: the variation of
the mean velocity over small distances is small compared with the variation of the
fluctuating velocity over those distances, and may be neglected.

The relation (33.6) may be obtained in another way by expressing a constant quantity,
the dissipation ¢, in terms of quantities characterizing the eddies of size A; ¢ must be
proportional to the squared gradient of the velocity v, and to the appropriate turbulent
viscosity coefficient vy, ; o v,4:

€ OC Vyuep, 3 (V2/A)? o 0, /4,

whence we obtain (33.6).

Let us now put the problem somewhat differently, and determine the order of
magnitude v, of the velocity variation at a given point over a time interval T which is short
compared with the time 7" ~ [/u characterizing the flow as a whole. To do this, we notice
that, since there is a net mean flow, any given portion of the fluid is displaced, during the
interval 7, over a distance of the order of 7, u being the mean velocity. Hence the portion of
fluid which is at a given point at time 7 will have been at a distance tu from that point at the
initial instant. We can therefore obtain the required quantity v, by direct substitution of Tu
for A in (33.6):

v, oc (etu)h. (33.7)

The quantity v, must be distinguished from v/, the variation in velocity of a portion of
fluid as it moves about. This variation can evidently depend only on &, which determines
the local properties of the turbulence, and of course on 7 itself. Forming the only
combination of ¢ and 7 that has the dimensions of velocity, we obtain

v, o (e7)d (33.8)

Unlike the velocity variation at a given point, it is proportional to the square root of 7, not
to the cube root. It is easy to see that, for 7 small compared with 7', v,’is always less than v_.
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Ascensions du Pic de NAVIER-STOKES

Le Pic de NAVIER-STOKES est
a coup str le sommet le plus difficile

a atteindre, mais 'un des plus beaux.

La fiére devise des éleves de
I’Ecole des Hautes Montagnes

en Friches: "QUO NON ASCENDAM"
doit guider I’ardeur de tous

ceux qui s’attaquent a ce

Massif.

Sur le croquis ci-contre,
et suivant l’usage, les
altitudes sont exprimées
en Reynolds.

voie du groupe
de renormalisation

torrent intermittent

zone fractale
~7)
%k

%7

face de
la fermeture

directissime
mathématique

rocher-école de la simulation numérique

expérimentale
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