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Predicting tokamak scrape-off-layer (SOL) widths is important for future high-power devices, 
as the power deposition width plays an important role in setting the heat loads onto the divertor 
target plates. In this work we use three-dimensional fluid turbulence simulations to evaluate the 
performance of cheaper two-dimensional models, solved using the STORM module for 
BOUT++. 

Three-dimensional turbulence models are computationally expensive due to the need to resolve 
fast parallel Alfvén timescales and to resolve perpendicular length scales down to the ion 
Larmor radius. Therefore much previous work (reviewed in [D’Ippolito, et. al., Physics of 
Plasmas, 18, 060051 (2011)]) instead uses two-dimensional reduced models, which eliminate 
the fast parallel transport timescales by assuming effective loss processes in the parallel 
direction. These models have been shown to reproduce aspects of experimental results (e.g. in 
[Militello et. al., Plasma Physics and Controlled Fusion, 55, 025005, (2013)]), but the 
underlying reasons why this works have not been explored in detail. The aim of this work is to 
understand when and why 2D models can reproduce 3D results. 

Here we directly compare the 2D approach with full 3D models, which explicitly resolve 
variations along the field lines to the target. The fields are evolved self-consistently, with no 
explicit distinction made between equilibrium profiles and transient fluctuations. The STORM 
model solves a set of drift-reduced fluid equations derived from the Braginskii equations, and 
we explore a parameter regime relevant to MAST L-mode plasmas. The comparison is 
performed in a simplified shearless slab flux-tube geometry, in order to concentrate on the 
physics of the turbulent transport processes. 

We find that the steady-state profiles, low-order statistical moments of the fluctuations, and 
turbulent fluxes are all similar between the two- and three-dimensional simulations. A 
difference in the propagation of energy down to small scales is observed, which could indicate 
different dominant dynamics at small spatial scales. We also vary geometry-relevant 
parameters, to evaluate the generalizability of parameterisations often used in 2D models. 
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