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FIG. 3. The Kolmogorov constant C, ~zrsus the microscale Reynolds num- 
ber R, for a variety of flows listed in TabIes I-IV. A single symbol is used 
to denote all data from each single table. Ignoring data for R,<50 (where 
there may be an increasing trend with Rx), the mean value of all the data is 
0.53, with a standard deviation of 0.055. 

conditions which are nearly steady-and thus provide valu- 
able high-Reynolds-number data. Following the pioneering 
measurements of Grant et al. in a tidal channel, many sets of 
spectral data have been obtained in the atmosphere over land 
as well as water. These are collected in Table IV. The Rey- 
nolds number estimates in some cases are somewhat uncer- 
tain, but the conclusions to he reached remain unaffected by 
this artifact. 

V. DISCUSSION AND CONCLUSIONS 

So far, we have separately tabulated data in various shear 
flows as well as grid turbulence. In the initial phase of this 
study, separate plots were prepared for each class of flows. 
However, a brief examination of those plots showed that the 
differences among them are not large enough to persist with 
this treatment. In fact, given that the Reynolds number range 
for any class of flows is not too large, there are definite 
advantages in plotting all the data together, which makes the 
point about universality more unequivocally. It is conceiv- 
able, however, that the shear may have some influence on the 
value of the Kolmogorov constant, but this issue seems to be 
of secondary importance at least for the non-dimensional 
shear rates encountered in standard shear flows. 

Figure 3 shows all the data tabulated so far, with each 
symbol representing data from each table. It appears that 
C, increases with Reynolds numbers for R,<50, as has al- 
ready been made by Bradshaw,b and is consistent with 
Sreenivasan’s observation6’ that other quantities, such as the 
normalized dissipation rate, also possess a Reynolds number 
trend at the low end. 

If we agree to ignore the data at the very low end of the 
Rx range, our first reaction to the figure is one of wonder: 
hundreds of experiments made in different flows under dif- 
ferent conditions yield approximately the same value of the 
Kolmogorov constant. It is therefore clear, at least for the 
conditions covered by these experiments, that the Kolmog- 
orov constant is more or less universal, essentially indepen- 
dent of the flow as well as the Reynolds number (for 
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R,150 or so). The scatter in the data is undoubtedly large. 
However, ignoring the outliers, a case can be made that the 
scatter represents the uncertainty in flow conditions as well 
as measurement limitations (especially in obtaining the en- 
ergy dissipation), rather than the non-universality of the Kol- 
mogorov constant. In the former category belong, for in- 
stance, aspects such as variability of wind speed and 
direction in atmospheric flows. In the latter category belong 
uncertainties relating to spatial and temporal resolutions of 
the hotwire. As an example, Wyngaard and Cote’” noted that 
a large fraction of the scatter in their own measurements was 
due to hotwire driit, and that the standard deviation of the 
measurements was halved when they selectively picked 
records with little drift. It is true that hotwire drift and related 
issues have undergone significant improvement since the 
196Os, but the fact remains that no systematic change exists 
between the “old data” and the “new data” when taken col- 
lectively. Finally, some scatter is undoubtedly due to differ- 
ences in data processing techniques. 

It also appears that the data do not support the existence 
of a trend with Reynolds number; no trend is apparent even 
if one examines (as indeed we have) data for each individual 
classes of flows separately. It is clear that any trend that may 
exist, if at all, must be weak enough to be hidden in the 
scatter exhibited by the data. To be certain about the exist- 
ence or otherwise of such a trend, one has to cover a wide 
range of Reynolds numbers in a single, well-controlled flow, 
and use instrumentation whose resolving power and quality 
remains equally good in the entire range. Further, one has to 
be aware that certain data processing quirks could artificially 
introduce weak trends. Such experiments and efforts are not 
yet on the horizon at present; in their absence, the best that is 
possible is precisely what has been done here. 

Two remarks may be useful. First, as already mentioned, 
the data collected here come nearly entirely from the longi- 
tudinal spectra. In shear tlows, the behavior of the transverse 
spectra at all but high Reynolds numbers is quite complex: as 
has already been pointed out in Ref. 70, the spectral roll-off 
rates at low Rx seem to be less steep than 513, up to an R, of 
1000 or so. The few data sets of transverse spectra available 
at higher Reynolds numbers also yield the same C,. The 
difference is that the meaning of “high enough” Reynolds 
number has to be upgraded from an R, of 50 or so for the 
longitudinal spectra to one that is perhaps as high as 1000 for 
the transverse spectra.71 

The second point concerns the effects of the stability of 
the atmospheric flows on the value of the Kolmogorov con- 
stant. It may be recalled that we did not pay special attention 
in Table IV to whether or not the atmospheric surface layer 
was stable, neutrally stratified or unstable. While an ex- 
tremely stable atmosphere inhibits turbulence altogether, ail 
available data (see Fig. 4, taken from,Ref. 64) suggest that 
there is little effect on C, whether the atmosphere is strongly 
unstable or stable. It appears that the Kolmogorov constant is 
remarkably robust. 

In summary, for “high enough” Reynolds numbers, 
the average value of the Kolmogorov constant from Fig. 3 is 
0.53 with a standard deviation of about 0.055. However, 
it should be recalled that this value is based on the as- 
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