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Decay exponent of large and small scales in isotropic turbulence
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The effect of the initial conditions on the decay of homogeneous and
isotropic turbulence is still under debate [1]-[4], and there is a substantial body
of experimental evidence which would seem to suggest that the initial condi-
tions and the slope of the spectrum, at low wavenumbers, determine the value
of the decay exponents. We consider it interesting to verify this hypothesis
since, in such a way, it is possible to highlight the possible role played by
the smaller scales. To do this, we consider the time decay of a turbulent flow
with an initially uniform turbulent kinetic energy, but where the integral scale
has been varied slightly in two adjacent regions. The simulations thus follow
the temporal decay of two homogeneous and isotropic turbulent flows with
uniform initial kinetic energy separated by a thin transition layer in a paral-
lelepiped domain with periodic boundary conditions. The two fields are char-
acterized by different shaped spectra in the low wavenumber range, obtained
by applying a high-pass filter to the same homogeneous and isotropic turbu-
lent field, which produces a kα slope with α between 2 and 4. The simulations
show that, for flows with an identical kinetic energy, those with smaller integral
scales and thus comparatively richer in energy in the small scale range, decay
faster and have higher decay exponents, which go from 1.1 up to 1.65: the
smaller the macroscale, the higher the exponent. This is in qualitative agree-
ment with [1], who suggests that the energy decay exponent n is a function of
the low wavenumber exponent α of the spectrum, n = (α +1)/2, and with the
measurements in [5]. We then focus on the decay rates of the large and the
small scale ranges by dividing the spectrum into two parts: the left part – small
wave numbers – initially contains 60% of the total energy, the right part – high
wave numbers – the remaining 40%.

It can be observed that the decay rate of the full scale range is in-between
that of the small scale range and that of the large scale range (see figure 1,
where the variation of the decay exponents with the integral scale can be seen).
It can be also seen that, at the lower values of the integral scale, in fields with
the same initial kinetic energy, the full range exponent comes closer to the
arithmetic mean of the two other exponents. This indicates that the actual
decay rate of the isotropic turbulence is not only affected by the large scale
properties, but also by the small scale properties.
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Figure 1: Energy decay exponents as function of the initial integral scale.
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