=
View metadata, citation and similar papers at core.ac.uk brought to you by i CORE

provided by Open Archive Toulouse Archive Ouverte

OATAO

Open Archive Toulouse Archive Ouverte

OATAO is an open access repository that collects the work of Toulouse researchers and
makes it freely available over the web where possible.

This is an author-deposited version published in: http://oatao.univ-toulouse.fr/
Eprints ID: 8053

To cite this document: Fontane, Jéréme and Dritschel, David and Scott, Richard
On the validity of Kraichnan scalings for forced two-dimensional turbulence.
(2012) In: 65th Annual Meeting of the American Physical Society's Division of

Fluid Dynamics (DFD), 18-20 Nov 2012, San Diego, United States.
(Unpublished)

Any correspondence concerning this service should be sent to the repository
administrator: staff-oatao@inp-toulouse.fr



https://core.ac.uk/display/12043937?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://oatao.univ-toulouse.fr/
mailto:staff-oatao@inp-toulouse.fr

On the validity of Kraichnan scalings for
forced two-dimensional turbulence

Jérome Fontane!, David G. Dritschel? and Richard K. Scott?

L Université de Toulouse, ISAE, 10 Av. Edouard Belin, 31055 Toulouse,
France
2School of Mathematics and Statistics, University of St Andrews, St
Andrews KY16 9SS, United Kingdom

We examine the validity of the scaling laws derived by Kraichnan (1967)
for forced two-dimensional turbulence. We use a new numerical technique
(Dritschel & Fontane 2010) to reach higher Reynolds number than previously
accessible with classical pseudo-spectral methods. No large scale friction or
hypo-diffusion is used in order to avoid any distortion of the inverse cascade
and to be in agreement with the theoretical framework used by Kraichnan.
Both spectral and spatial forcing are considered and statistical convergence
is obtained through large simulation ensembles.

A steeper energy spectrum proportional to k=2 is observed for the inverse
cascade in place of the classical k~°/3 prediction. This steepening is shown to
be associated with a faster growth of energy at large scales, scaling like ¢!
rather than Kraichnan’s prediction of t=3/2. The deviation from Kraichnan’s
theory is related to the emergence of a vortex population dominating the
distribution of energy across scales, and whose number density and vorti-
city distribution with respect to vortex area are related to the shape of the
enstrophy spectrum.

References

DRrITSCHEL, D. G. & FONTANE, J. 2010 The combined Lagrangian advection me-
thod. J. Comp. Phys. 229, 5408-5417.

KRAICHNAN, R. 1967 Inertial ranges in two-dimensional turbulence. Phys. Fluids.
10,1417-1423.



