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EPFL .
Heat exhaust: a crucial issue

“... heat exhaust is probably the main challenge towards the
realisation of magnetic confinement fusion.” (eu rusion Roadmap]

Csep _ g0 _ 100 MW m!
I Swiss R
Plasma
Center

07/10/2019 Maurizio Giacomin, EFTC 2019, Ghent, Belgium



=PFL
Some heat exhaust solutions: single-null and snowflake

SN SF SF + LFS SF - - HFS SF -

i

* How does the heat flux depend on the topology?
o * How does the heat flux depend on the power?
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The GBS code
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=P Drift-reduced Braginskii equations

Collisional |l> Braginskii I|> ::> Drift-reduced
{ model Braginskii equations
on
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ot

E X B DIAMAGNETIC PARALLEL  sOURCE
CONVECTION DRIFT FLOW

T., T, wmp similar equations

POLARIZATION PARALLEL DIAMAGNETIC
CURRENT CURRENT CURRENT
= Swiss Ulle; V||; mmmp  Parallel momentum balance
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=Pl The GBS code

* Arbitrary magnetic configurations

« 4t order centered finite difference scheme in non-field aligned grid
4t order Runge-Kutta time stepping method

* Magnetic pre-sheath boundary conditions at the target plates

* Here: no coupling with neutrals

* Heat and density sources in the core

Density
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Considered magnetic configurations
Ideal SF SF +
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* How does the heat flux depend on the topology?
* How does the heat flux depend on the power?

M Swiss
Plasma
Center



Effect of topology
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e Uniform redistribution on SP1, SP2, SP3, and SP4
* Peak of the heat flux reduced w.r.t. SN

Why are the unconnected SPs activated?
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=PFL . :
Convective E X B cell around the null-point

e _
qE? — PDeVE =~ PeVE (turbulent component is negligible)
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SF + ) HFS SF
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Distance from SP2
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 Unconnected SPs activated
* Reduction on SP2 (40%)
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Convective E X B cell in the null-region

e _
qE? — PDeVE =~ PeVE (turbulent component is negligible)
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Effect of topology
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cPrL

Parallel heat flux distribution in the HFS SF-
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* Heat flux on primary SPs

* SP1 and SP2 are only marginally activated

What is the sharing of the flux among the HFS SPs?
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The agreement is good
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Parallel heat flux distribution in the LFS SF-
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* Heat flux on primary SPs

* SP3 and SP4 are only partially activated

What is the sharing of the flux among the LFS SPs?
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Role of the secondary X-point: LFS SF-
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A small amount of heat flux seems to
cross the secondary separatrix
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=PrL

i VY == VY

Strong turbulent transport in the LFS SF-
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Dependence on the heat source

Heat source
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Dependence on the heat source

Heat source increases and temperature
becomes steeper in the edge

Electrostatic potential decreases

Strong E X B shear in the edge and
formation of transport barrier

Which are the mechanisms

0 ' ’ ' determining the transport?
0.9 1 1.1
r/a
Low heat  High heat
source source
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EPFL . . ” .
Kelvin-Helmholtz instability at high source values
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Interchange instability at low source values
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Equilibrium pressure gradient estimate

Power crossing the separatrix = total heat source Perpendicular turbulent heat flux

f Q\Ide:STOT Gy = Y Peo 1
X(2) ki Ly Ro
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p ~ (Wano) 2R, Sror c0Ped > p " og  Peo

[P. Ricci et al., PRL 2008]

M Swiss
Plasma
Center
07/10/2019 Maurizio Giacomin, EFTC 2019, Ghent, Belgium 25



M Swiss
Plasma
Center

Equilibrium pressure gradient estimate

Low heat source: transport due to
resistive ballooning mode and small
pressure gradient (large L))

High heat source: transport due to
Kelvin-Helmholtz and large pressure
gradient (small L)

Intermediate heat source: transport
due to resistive ballooning mode and
Kelvin-Helmholtz, transition between
the two regimes

07/10/2019

50

40

30 r

20

101

o —1
L :(—10 )
P or &P
. - &~ INT
\ — &--KH
: - -GBS
\
&\
\
o, -
~ A -®
R Tt
o-—--"=+=z=Z7~"°
- -—*

Maurizio Giacomin, EFTC 2019, Ghent, Belgium

100 200 300 400 500

Integrated heat source

26




Conclusions

* Dependence of heat flux on the magnetic topology

= |deal snowflake

* Uniform heat flux distribution among the four strike points

e Peak heat flux reduced w.r.t. the single-null

e Equilibrium E X B convective cell allows for activation of the unconnected strike points
= Snowflake plus

* Almost uniform heat flux distribution among the four strike points

* Effect of the E X B convective cell reduced w.r.t. the ideal configuration
= Snowflake minus

* Secondary strike points only marginally activated

* No activation through the equilibrium E X B convective cell

e Turbulent transport in the LFS SF-

* Dependence on the heat source
= Two transport regimes that regulate the pressure gradient: interchange and Kelvin-Helmholtz

M Swiss
Plasma
Center



