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Abstract A rotating turbulent flow subjected to a β-effect has been considered in a laboratory setting. Several experiments have been 

performed in a rotating tank in which a shallow layer of saline solution has been forced by means of the Lorentz force. The parabolic 

free-surface of the rotating fluid has been used to simulate the β-effect. We investigated the emergence and the evolution of zonal jet-

like structures due to the anisotropization of the upscale energy transfer typically observed in geophysical turbulence. The flow has 

been characterized in terms of the zonal velocity, the degree of anisotropy, the jet scale and the energy spectra. 

 

 

The large-scale circulations of the planetary atmospheres and of the terrestrial oceans can be considered quasi-two-

dimensional. The planetary rotation, the topographical constraints and the fluid stratification contribute in determining 

this peculiar feature. Moreover, the large-scale flows are affected by the latitudinal variation of the Coriolis parameter, 

the so-called β-effect [1]. This variation can induce flow anisotropy and the self-organization into jet-like structures 

along the zonal (i.e. East-West) direction [2-4]. Zonal jets have been observed in the atmospheres of the gas giant 

planets [5-6] and, more recently, in the Earth oceans [7, 8].  In the last 30-40 years, the physical phenomena leading to 

the formation and maintenance of the zonal jets have been intensely debated in the literature. According to one of the 

most important theories, the process of zonation is attributed to the anisotropic inverse energy cascade [9]. In two-

dimensional turbulence the presence of the β-effect can lead to the anisotropization of the inverse energy cascade in 

small-scale forced, large-scale damped, barotropic flows [9]. In this context four possible flow regimes have been 

identified and classified in terms of a single non-dimensional parameter, Rβ, known as zonostrophy index. Among these 

regimes, a universal behavior is found in the range Rβ > 2.5 termed as zonostrophic regime. The main characteristics of 

this regime are a strongly anisotropic kinetic energy spectrum and the presence of a slowly changing system of 

alternating zonal jets spanning the entire flow domain [10-11]. The regime of zonostrophic turbulence has been 

identified as one of the basic mechanisms of generation and maintenance of planetary and oceanic zonal jets [6, 12]. 

 

We study, experimentally, the appearance of zonal jets in turbulent, rotating, shallow water fluid, in forced regime. The 

experimental setup consists of a square tank placed on a rotating table, 1m in diameter, whose imposed rotation is in 

counter-clockwise direction in order to simulate flows in the Northern hemisphere. The latitudinal variation of the 

Coriolis parameter has been simulated by the parabolic free-surface of the rotating fluid. The initial distribution of 

vorticity has been generated via the Lorentz force in an electromagnetic cell. Flow measurements have been performed 

using an image analysis technique in order to characterize the flow in terms of the mean azimuthal velocity, the degree 

of anisotropy, the distribution of energy and the jet scale. Spectral analysis has also been performed. In previous works 

we investigated the emergence of the jets both in decaying and forced regimes [13, 14]. In this work we consider a 

wider range of variation of the experimental parameters in the forced regime. In particular, we investigated the 

characteristics of the zonal jet-like structures varying the strength of the β-effect and of the forcing intensity. For this 

aim, the experiments have been performed changing the tank rotation rate and the amplitude of the forcing. Moreover, 

we investigated the response of the flow at the variation of the forcing configuration. Several experiments have been 

performed changing both the magnets size and their disposition. 

As a result, the flow shows a clear tendency to self-organize into zonal structures. These bands are quite stationary 

when a stronger β-effect and a weaker/medium forcing intensity are considered (Fig. 1). We evaluated the length scale 

of the zonal structures in all the experiments. It has been observed that increasing Ω or decreasing the total energy of the 

system, the radial width of the jets tends to decrease. As far as the relation between the jet-scale and the β-strength (or 

the energy level) is concerned [4], these results provide an experimental validation of the theoretical predictions by 

Vallis and Maltrud. 

 



 
Figure 1. Azimuth-time contour plots of the azimuthal mean flow. 
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