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___________________ Outline

= Background and motivation

Tungsten (W) accumulation issue in ITER

Transport of W -> need to predict n and T in the inner core

» Investigation of turbulent transport using gyrokinetic code GKW

Linear analysis in the inner core of JET plasmas

Non-linear simulations the inner core of JET plasmas
» Test of quasilinear approximation in the inner core of JET plasmas

= Summary
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Large heat loads on the walls and divertor (~ < 10 MW /m?)
Use of materials that do not retain much tritium -> W
Large radiative power losses from the plasma

W develops very peaked core density profiles in some

conditions (JET, ASDEX Upgrade)

Will there be W accumulation in ITER?
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Transport of W Impurity

» 1D Transport equation: Continuity equation

anw
ot
» W particle fluxes: Neoclassical + Turbulent

+V.I, =S,

« Ty =Tneo + Trurs

= _(DNEO + DTURB)VnW + (VNEO + VTUR) ny,
Vv
Y

< Zny, (an 1/2 VT‘)
» Turbulent diffusion depends on main ion density and temperature profiles

» To predict n,,(p) for p < 0.3, one needs to know main ion profiles % and VT—T‘

i



(

Aix--Marseille ati E
Lniversite Background and motivation e

rrrrrrrrrrrrrrrrrrrrr

To predict n and T in the inner core

» To predict n and T in the inner core =» need to know turbulent fluxes
» Turbulent transport = GKWI[1], QuaLiKiz [1] A. Peeters et al, CPC 180 (2650), 2009

» GKW =» local gyro kinetic flux tube code =» to simulate micro instabilities and

turbulence in tokamak plasmas

» Need to validate transport models and quasilinear approximation in the inner core
Perform linear simulations
Compute quasi-linear fluxes from these simulations
Perform non-linear simulations
Compare the non-linear fluxes to quasi-linear fluxes

Compare the non-linear fluxes to experimental values
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___________________ Outline

» Tungsten (W) accumulation issue in ITER

Issues with W

Transport of W -> need to predict n and T in the inner core

» Investigation of turbulent transport using gyrokinetic code GKW

Linear analysis in inner core of JET plasma

Non-linear simulations

» Test of quasilinear approximation in the inner core of JET plasmas

= Summary
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» Target shot: JET hybrid #75225 with no sawteeth (C wall) [Citrin PPCF 2015, Moradi NF 2014]

» Simulations include: actual magnetic equilibrium (Miller), collisions, rotation, EM fluctuations (A, and

B,/), and Carbon impurities
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"""""""""" Normalized input parameters at various locations

031 059 15

015 42 19 138 069 56 -070 15 080 001 012 46 -0.37 0.05

% Nominal value of s increased from 0.01 to 0.05 at p = 0.15

020 55 27 06 072 61 -113 19 -0.88 001 0.12 38 -048 002 032 080 1.6
025 66 33 24 0.76 6.6 -145 23 184 001 0.13 33 -0.57 005 0.32 099 1.7

033 7.7 41 96 084 61 -151 2.7 897 001 010 26 -0.66 0.21 032 131 1.9
040 79 45 107 0912 78 -087 29 10.2 002 007 19 -0.64 049 031 157 22

050 63 52 44 1.04 46 270 3.2 341 0.02 006 1.3 -0.50 098 0.29 188 2.7
060 59 55 96 105 46 441 33 796 002 006 10 -037 142 024 024 34
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Linear Simulations

.................... ImpaCt Of faSt |OnS

» Kinetic fast-ions from NBI with Maxwellian distribution function

» Impact of fast ion population by performing three set of simulations
1) kinetic fast ions and fast ion magnetic equilibrium pressure
2) without kinetic fast ions and magnetic equilibrium include fast ion pressure
3) without kinetic fast ions and without fast ion magnetic equilibrium pressure

/
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"""""" Growth rate and frequency at three different radial locations
p=0.15 ~ p=0.33
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Conclusion:
» Growth rate significantly reduces when kinetic fast ions included.

» Effect is independent of modification of magnetic equilibrium by fast ion pressure at p = 0.15

» Most unstable Kinetic ballooning mode (KBM) in inner core, propagating in diamagnetic drift
direction at p = 0.15*

* [Nkumar et al, submitted to NF 2020]

» Next step: focus only at p = 0.15. Neglecting impact of fast ions,

= All linear simulations performed without fast ions as kinetic species and with fast ions
pressure in magnetic equilibrium.
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0.05¢

-0.05

Conclusion:
> Mode structure for both electrostatic potential (¢) and magnetic potential (A;) very unusual

» Mode structure extremely elongated along the field lines ( 10-50 poloidal turns at low kyp;)
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"""""""""" Growth rate as function of R/Lpi

Growth rate (y)
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Conclusion:
** Growth rate curves are almost same for both the cases, indicates modes driven by pressure gradient.
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Plasma beta and magnetic shear scans at p=0.15

Conclusion:

» High plasma beta and low magnetic shear responsible for destabilization of KBMs in inner core
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"""""""""" Normalized linear heat and particle fluxes

N _ Qs ExB
s,ExB = ~ AZ Ap(t) = \/f o2+ [Ay[2 + By 2] ds/ [ ds
0 Ion heat flux Electron heat flux - Electron particle flux
: - 0.2 .04 =
0.15 0.03
_ 01 0.1 0.02+
= z Z
° 005 o’ = 0.01
O_
0 ol
0.05 Ay o1 0.01 :
0 0.5 1 1 oS 1 0 0.5

At low kgp; = 0.1, significant magnetic flutter contribution to electron heat flux
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Time trace of heat and particle flux at beta=4.6%

Electron heat flux

Ion heat flux‘
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Conclusion:

O lon heat and particle flux dominated by E X B contribution, consistently with linear fluxes ratio
O Significant contribution from magnetic flutter to electron heat flux with opposite sign
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Qne = —m2— Tyo—= —be p2 = pi/Ryes = 0.0033
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Conclusion:
O Heat and particle fluxes increases with beta due to destabilization of KBM consistently with linear values
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....................... kepl Spectrum Of |¢|2 |A |2 and |B |2f0r dlfferent

beta
2
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Conclusion:

Q IAHI2 values much lower than |¢|? but have similar shape
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___________________ Outline

» Tungsten (W) accumulation issue in ITER

Issues with W

Transport of W -> need to predict n and T in the inner core

» Investigation of turbulent transport using gyrokinetic code GKW

Linear analysis in inner core of JET plasma

Non-linear simulations

» Test of quasilinear approximation in the inner core of JET plasmas

= Summary
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Test of Various QL rules in the inner core

& Mixing length model [1]: QL fluxes computed as:
1 :AéL :01@ Qs ExB —kakg Qs E><B

@ An = Dk ke @ An Agr

% Qualikiz Model [2]: Saturated mode amplitude

W, = C,, S, max [ﬁ] kopi*™* wave vector at max(—)
1
_( _kepi " max W2 with x,= 1
S, = g 07 for kop; < k’gp 2
-3 . _
Sk - (k;}gz"ﬂ) for k‘gpz > k@pmam W3 with X3= 2

[1] T. Dannert et al, PoP 12 (072309), 2005 [2] C. Bourdelle, et al, PoP 14 (112501), 2007
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"""""""""" Comparison of @ spectra for non-linear and various quasi-linear

weights
QL spectra normalized to maximum of non-linear spectra
B=3.5% B=4.6% B=55%
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Conclusion:

» Standard mixing length model not capture the finite amplitude of fields for kyp;<0.3
» Qualikiz-like model perform better to this respect, especially for W3
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beta for E X B part

@ An = Dk ke @ An Agr

Ion heat flux
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Test of QL approximation
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““““““““““ Comparison of non-linear and quasi-linear electron magnetic flutter
heat fluxes with beta
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.................... Summary

>

Turbulent transport level non-negligible for r/a < 0.3 provided $ sufficiently low

Non-negligible turbulence in inner core mitigate neoclassical inward pinch of W = relevant for ITER
KBMs instability is also present in the inner core of ITER plasma*

Low kgp; regions that are linearly stable can have a finite level of fluctuations in the non-linear regime

Their excitation in the non-linear regime generates significant contribution to the magnetic flutter

electron heat flux

Standard quasilinear models fails to capture this part because ratio of |4} | to |@] at low kgp; different in

linear and non-linear simulations

By including Aﬁa“" magnetic flutter part capture better. Still further improvement required*

*[N. kumar et al, submitted to NF 2020]
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................... Ongoing Work

» Extend study to other ITER high Q-scenario, such as steady state Q=5 =>»predict impact of

core profile flattening on fusion gain

» Compare turbulent heat and particle fluxes with neoclassical fluxes to predict W accumulation

in inner core of ITER

> Est. Thesis submission December 2020
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