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Stratorotational Instability: nonlinear aspects at higher Reynolds numbers
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Introduction
Thirty years ago it was observed that for many stars the emitted energy spectrum shows an extra
bump in the infrared part. This infrared excess indicates a large gaseous disk encompassing the
star. Such accretion disks are regions of planet formation (Fig.1a). Understanding the mechanisms
that can result in an outward angular momentum transport is the central problem of planet formation,
particularly in the theory of accretion disks. When a planet forms in a disk, angular momentum has to
be carried away from the planet otherwise its rotation speed would be far too large. Only turbulence
can achieve such a large angular momentum transport [1]. Accretion disks can be turbulent even in
the absence of a magnetic field. Among other candidates the Stratorotational Instability (SRI) has
attracted attention in recent years. The SRI is a purely hydrodynamic instability and much insight
can be obtained from particularly designed laboratory experiments and numerical simulations in an
axially-stratified Taylor-Couette setup [2, 3].

Experiment description
The SRI was experimentally studied by [4] using an axially salt stratified Taylor-Couette system. They
found an excellent agreement with the linear stability analysis by [5] with respect to the course of the
critical curve in a diagram spanned by the Reynolds number (Re) and the angular velocity ratio (µ). In
the present paper we use a Taylor-Couette apparatus (Fig.1b) where the fluid is axially stratified due
to cooling the lower and heating the upper lid. Our system is three times as high as the one used by
[4] and has a wider gap. We can reach Reynolds numbers between 3 · 102 and 3 · 104. For Reynolds
numbers < 103 we use oil (Prandtl number 60) and for numbers > 103 we use water (Prandtl number
7).

Results
Like [4] we focus on the transition between axially symmetric flows and SRI modes in a µ−Re diagram.
In accordance with the linear theory we find that for Re < 800 the critical curve approaches the line
µ = η, where η is the ratio between the radius of the inner and outer cylinder. However, for larger Re
the curve bends backwards to smaller µ and approaches a line in between the Rayleigh line and the
line µ = η. We suppose that for larger Re the SRI modes interact with the background stratification.
The result is a shift of the critical curve towards smaller µ. The experimental results are compared with
direct numerical simulations from two different numerical codes. Moreover, we study the influence of
the Prandtl number on the transition to instability.
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Fig. 1: Accretion disk (David Darling)(a), the stratified Taylor-Couette setup (b).
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