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MEASUREMENT OF THE SKEWNESS COEF-
FICIENT OF THE DISTRIBUTION OF THE
VELOCITY DIFFERENCE IN THE SURFACE
LAYER OF THE ATMOSPHERE

(Presented by Academician A. N. Kolmogorov, 7 VI 1960)

In the theory of locally isotropic turbulence developed by A. N. Kolmogorov
(12), an important role is played by the second-order and third-order structure
functions D,;, and D,;;:

Dy = (uyg — o) (U — Upsa), Dy = (ug — i) (Ug — uga) (g — upa);

u;, is the i-component of the velocity at the point M;; u;, is the i-component
of the velocity at the point M,; the bar above denotes averaging. To investigate
the properties of structure functions it is convenient to use a special coordinate
system in which the axis x; coincides with the vector 7 = M, M,, and to consider
two components of the velocity difference: Aw; = u;; — w9, the projection of
Au on the direction 7, and Au, = u,; — U,s, the projection of Au on the
perpendicular direction. For distances |; < r < L, the Kolmogorov-Obukhov
“two-thirds law” is valid for the second-order structure functions:

Dy =% Dy =7, CQ(ET)2/3» D,; =0,
where ¢ is the rate of energy dissipation; ¢ is the structure constant; i, = /v3/e
is the inner scale of turbulence; v is the kinematic viscosity; L is the outer scale
of turbulence.

The second- and third-order structure functions are related by Kolmogorov’ s
dynamical equation

6D” (T) 4
Dy (r) —by ———= = ——er.
w(r) or 5
For r > [, the viscosity term may be omitted, and then a relation between the
skewness coefficient S; = D;;;/(D;;)*/? and the structure constant ¢? can readily
be found:

sovietrxiv.org/items/ru-196001.64930 Machine Translation


https://sovietrxiv.org/items/ru-196001.64930

2/3
c? = é _i . (1)
3\ 55,

Measurements of second-order structure functions have been carried out both
in wind tunnels and in the atmosphere by a number of investigators, and the
validity of the “two-thirds law” has been verified on a large body of experimental
material. Work on measuring third-order structure functions is quite sparse.
Measurement of the skewness of the distribution of the velocity difference at
two points was performed by Townsend (%) in a wind tunnel. The Reynolds
number in his measurements was Re = 4.4 - 10%; at larger Re it was not possible
to carry out measurements.

The values of the skewness coefficient .S; obtained by Townsend for 0 < r/M <
0.2 (M is the mesh size of the grid in the wind tunnel) are constant within the
limits of error, and on average S; = —0.38. When r/M is increased to 0.8, the
skewness decreases somewhat, 5;(0.8) = —0.25. Stewart’ s measurements (4),
also in a wind tunnel, showed a different dependence of S; on r: at the largest
Reynolds-number values in his measurements, Re = 4.2 - 104, when r/M was
varied from 0.25 to 0.7, .S; changed from —0.17 to —0.11 and differed strongly
from the value of S; at zero, S;(0) = —0.34. Stewart, however, notes, on the
basis of estimates of the experimentally obtained data, that even at the largest
Re numbers in his experiments the condition under which A. N. Kolmogorov’
s hypothesis is valid was not fulfilled—namely, that there exists an interval of
scales in which the energy of turbulence is transferred from larger scales to
smaller ones, while energy dissipation occurs only at the very smallest scales*.

To our knowledge, direct measurements of third-order structure functions in
the atmosphere have not been carried out. A. M. Obukhov gave an estimate
of the value of S; (5), processing the results of measurements of second-order
structure functions in the surface layer of the atmosphere. The value he obtained
was S; = —0.8.

We measured the skewness coefficient of the distribution of the velocity dif-
ference at two points in an open, level steppe in September 1959. To obtain
instantaneous values of the wind velocity, two acoustic microanemometers (6)
were used; their sensors were located at a height z = 1.8 m and could be oriented
so that either Au; or Au,, was measured in the horizontal plane. Since acoustic
microanemometers are linear velocity sensors, the voltages from their outputs
could be fed to a subtracting circuit, which produced a signal proportional to
the velocity difference. To compute the skewness coefficients it is necessary to
have simultaneous values of the mean cubes and variances of the velocity differ-
ence. To measure the variance Au or AuZ, an electrodynamic multiplier with
feedback (e.d.m.), similar to that described in (7), was used, with which the
mean square of the voltage at the output of the subtracting circuit was mea-
sured. The averaging time was determined by the time constant 7' = 100 s of

the integrating cell at the output of the e.d.m. To obtain the mean cubes Au?
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and Au3, a second e.d.m. and a correlometer, analogous to that described in (8)
but without an averaging device at the output, were used. The signal from the
correlometer, proportional to the instantaneous square of the velocity difference,
was fed to one of the inputs of the e.d.m., while to its second input a signal was
fed directly from the subtracting circuit. Thus, at the output of the second
e.d.m. we had the mean (over 100 s) cube of the velocity difference with some
constant coefficient. The proportionality coefficients were determined by cali-
brating the e.d.m. and the correlometer with voltage from an audio-frequency
generator. The multipliers made it possible to measure products of signals with
frequencies from 0.002 to 800 Hz.

We determined the values

Au? Au3
Sl = 7lg/2 and Sn = 7713/2
(Au?) (Au)
The latter quantity, in a locally isotropic flow, must vanish by considerations
of symmetry. Its deviation from zero may serve as an additional check on
the correct operation of the entire apparatus as a whole. This is especially
necessary when measuring mean cubes, since a small uncontrolled nonlinearity
of the measuring instruments and sensors can lead to a significant distortion
of the measured values of the skewness coefficient. Averaging over 100 s when
measuring the coefficient—

*In (4) it is not stated how the influence of the sensor dimensions on the measure-
ment results was taken into account, although the dimensions were comparable
with the distances 7.

of the asymmetry coefficients proved insufficient to obtain statistically stable
results. Additional averaging was obtained by recording the readings of the in-
struments regularly every minute and subsequently taking the arithmetic mean
of these data. The measurement time 7 ranged from 5 to 24 min. For the mean
values Au? and Au?, the root-mean-square deviation of the arithmetic mean
was calculated.

Table 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14
r, 30 30 50 50 25 25 25 50 S50 50 50 50 50 50

T, 5 10 20 12 9 20 10 24 20 20 11 9 20 9
min

Ri- —24-34 - — —-3.8-2.8-3.0-25-3.6—-6.6—-3.2—-10.8-8.2 —6.5
10
Re- 64 58 — — 22 24 20 25 19 19 22 16 19 138
107°

sovietrxiv.org/items/ru-196001.64930 Machine Translation


https://sovietrxiv.org/items/ru-196001.64930

1 2 3 4 5 6 7 8 9 10 11 12 13 14
© +0.740.6 +04 03 — — — — — — — - - _

S5 - - - - —40-55-41-62-54-38-19—-22-3.3 —5.0

S — = = — 3£305E50F+50 8450931 550 B30 FEF0 8450 5+50.12

Table 1 gives the values of S,, and S; obtained by us, as well as certain dimen-
sionless characteristics of the flow: the Reynolds number Re = %uz/v and the
Richardson number .
Rie Y 0T (z)/0z
T, (0u(2)/ 927

where (z) is the mean velocity, T'(z) is the mean temperature at height z, T}
is the mean temperature of the surface layer, and g = 981 cm/sec?. Also given
are the distance r between the points at which the sensors were located and the
averaging interval 7.

From the data of Table 1 the mean values of S; and S, and their root-mean-
square errors were calculated. For S,, the mean value proved to be S, ean =
0.03 £ 0.02. For r = 25 cm (r/z = 0.14), the mean value is S} 0y = —0.45 +
0.05, and for r = 50 cm (r/z = 0.28), S;1nean = —0.40 &£ 0.06. The smallness
of S, indicates the normal operation of the apparatus, in particular sufficient
linearity. The values of S c,n for r = 25 cm and r = 50 cm agree within the
error of measurement, which confirms the assumption that, in a locally isotropic
turbulent flow, S; depends only weakly on . The values of S; measured by us
are very close to those obtained by Townsend under quite different experimental
conditions.
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