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Energy Dissipation and Scaling Law in Geostrophic Turbulence

Keita IGA™ and Takeshi WATANABE™**

Energy dissipation rate in geostrophic turbulence is theoretically estimated, based on the assumption
that the energy dissipated in this system is equal to the energy transported to the large wavenumber region.

In the theory of dynamic scaling laws for the geostrophic turbulence developed by Watanabe et al.

(1998) ,

the energy dissipation rate was left unknown and empirically determined ; the estimation in this study comple-

ments their theory.

Through this estimation, the means to determine the appropriate artificial coefficient
of the hyperviscosity used in the numerical simulation is also determined.

The numerical calculation using

this determined value successfully derived the energy spectrum which follows the theoretically expected scal-

ing laws.
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Fig. 1  Energy spectrum obtained by numerical experiment.
The energy spectrum in the large wavenumber dE
region is proportional to k7. ‘ -
10 kmax —dKmax knl k
L i dissipate
Fig. 3  Energy transport and energy dissipation assumed
in the theory in this study. The major part of the
energy shifts to the small wavenumber region, while
a small amount is transported to the large wave-
number region so that both energy and enstrophy
are conserved. The energy transported to the
E 3
| x large wavenumber region is dissipated under the
X 5 influence of hyperviscosity.
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Fig. 2  The time evolution of total energy. The total energy RETH L0 HIFP O, TRV F— D RBEEA

decreases in proportion to %%,
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Fig. 4 The relation between the square of the characteris-
tic wavenumber k%q. and the total energy E. The
E-axis is logarithmically scaled. The linear rela-
tion, which indicates the proportionality between
kisz and log E, shows that the theoretically de-

rived relation (13) is an adequate estimation of E.
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Fig. 5 The energy spectrum in case of v=1.0X107°,
It is proportional to k=% if k < Aand to k% if k > A,
which shows that this numerical experiment real-

ized the theoretically expected energy spectrum.
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