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What Limits Zonal Flow Shears in (nearly) Collisionless 
Drift-Wave Turbulence?
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Drift wave-zonal flow turbulence is known to be self-regulating and has been modeled as a predator-prey system. 
This system is subject to zonal flow (tertiary) instabilities. However, the effects of these instabilities on zonal flow 
saturation aren't well understood. Here, we report on studies that analyze the effects of zonal flow stability criteria 
on zonal flow saturation through examination of the energy ratio between zonal flows and turbulence. This is a more 
direct probe of the impact of dynamics than the existence of a linear instability of the zonal flow.
The Rayleigh criterion, a flow inflection point theorem, is a classic condition for stability in fluid dynamics. 
However, for realistic values of electron adiabaticity in the Hasegawa-Wakatani model, this is replaced by the 
Rayleigh-Kuo (RK) criterion. The RK criterion states that the
total mean potential vorticity gradient (∇<PV>) vanishes for instability to occur (∂r(<n> - ⍴s

2∇r
2<𝜑>) = 0). We 

analyze the effects of this criterion on saturated turbulence levels by calculating the local values of the ratio R = 
EZonal Flow/ETurbulence, the zonal-to-turbulence energy ratio. This ratio was calculated for a set of cells which cover the 
region of the flow. Here, ”zonal” means kΘ, kz= 0 and ”turbulence” means kΘ, kz ≠ 0. We would expect that in the 
care of zonal flow instability, there would be more turbulent energy than zonal flow energy. Using the BOUT++ 
framework, a set of plasma flow simulations were conducted. These were then processed and integrated to get 
values for zonal flow and turbulent energies and ∇<PV> to produce R vs. ∇<PV> distributions to examine 
correlations between the stability condition and actual dynamics. Our results indicate that RK is not a determining 
factor in the value of R. Lower values of R (R < 1) are not co-located with regions where ∇<PV> ~ 0. This 
disagrees with RK. At most, 3.3% of regions with ∇<PV> ~ 0 had R < 1. Higher values of R (R > 1) are co-located 
with regions where ∇<PV> ≠ 0. At least 70% of regions with R > 1 had ∇<PV> ≠ 0 across all 
simulations.Furthermore, collisionality has a significant impact on the value of R. Our simulations indicate that 
increasing drag leads to lower average zonal flow energy, which agrees with the conceptual understanding of 
damping. This means that collisionless saturation does occur, but it is not primarily caused by tertiary instability. 
Ongoing work is concerned with deeper analysis and visualization of the radial distribution of R in regions where 
the gradient of potential vorticity is 0.
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