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Introduction
Transport in the scrape-off layer (SOL) of magnetically confined fusion rel-
evant experiments is predominantly turbulent and is known to be strongly
intermittent. The intermittent transport is carried in the form of filamen-
tary structures known as blobs.
These blobs propagate perpendicular to the magnetic field at a significant
fraction of the acoustic speed and eventually reach the plasma facing com-
ponents, where they cause erosion of the main chamber walls resulting in
impurities affecting, e.g., the density disruption limit.
To describe this heat deposition as well as interaction with neutrals, models
with both electron and ion temperature dynamics are required. We have
therefore examined the effects of including finite temperatures on seeded
blob dynamics using the HESEL model[1].

HESEL
The model used is HESEL (Hot Edge Scrape-off layer ELectrostatic tur-
bulence). It is a 2D slab-geometry model describing the evolution of four
fields. The Bohm normalised governing equations are given by
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where ω = ∇2 (φ+ pi) and the right-hand sides are given by
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Compactness
Finite ion temperatures affect the coherence of the blobs. This can be
expressed through the compactness defined in Ref. [4] given by

Ic(t) ≡
(∫

(n(x, y, t)− n0)dx
)
h(x, y, t)(∫

(n(x, y, 0)− n0)dx
)
h(x, y, 0)

,

where h(x, y, t) ≡
{

1 if (x− xmax(t))2 + (y − ymax(t))2 < σ2

0 else,
.
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Figure 1: Compactness, Ic, of blobs as a function of r = ρi∆n/(σn0) at 10
interchange times.

A transition from plume-like to more coherent structures is observed be-
tween r = 0 and r = 0.1.

Effect of temperature dynamics
The effects of temperature dynamics on blob evolution are investigated

Figure 2: Contour plots of the same blob after 20 interchange times with four
different degrees of temperature dynamics.

Row 1) Ions are cold and electrons are isothermal.
Row 2) Electron temperature dynamics is included, but the ions are cold.
Row 3) Electron temperature dynamics is included, and the ions are warm
but isothermal.
Row 4) Both electron and ion temperature dynamics are included.

Velocity scaling laws
Two different velocity scaling laws for blob maximum velocity are investi-
gated. Both are derived by neglecting dissipative and non-linear terms in
the vorticity equation and doing a dimensional analysis. They are:
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Figure 3: Vmax vs. σ (left); Vmax vs. τ = Ti0/Te0 (right)

We have observed:
- Inclusion of ion temperature dynamics does not strongly affect the
propagation of the blobs compared to isothermal warm ion blobs

- Viner captures the maximum velocity dependence best
- Finite ion temperature effects cause blobs to stay more coherent,
determined by the parameter r = ρi∆n/(σn0)

References
[1] Nielsen AH, et al. Phys. Lett. A. 2015;379(47-48):3097-3101.

[2] Garcia OE, et al. Phys. Plasmas. 2006;13(8):082309.

[3] Manz P, et al. Phys. Plasmas. 2013;20(10):102307.

[4] Madsen J, et al. Phys. Plasmas. 2011;18(11):112504.


