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Introduction

A deterioration in global confinement is observed at JET in baseline H-mode experiments

following the change from a carbon wall to an ITER-like wall with beryllium and tungsten

[1]. One cause is the high deuterium gas puffing rate necessary in ILW discharges in order to

mitigate W accumulation. For low triangularity plasmas, this degradation of confinement with

fuelling level was also observed for CW discharges [2]. The deterioration is correlated by a

degradation of pedestal confinement with lower electron temperatures at the top of the edge

barrier region. This leads to a lower electron temperature in the core, thereby changing the NBI

heat deposition profiles in the core. As a result, the core energy confinement time is influenced

with lower electron energy confinement time and similar ion confinement time in the ILW case

[1]. To study the effect of the ILW on confinement, a database has been created comprising a

set of JET discharges with ILW and matched CW discharges using the same criteria as in [3].

In the present work, transport due to Ion Temperature Gradient (ITG)/Trapped Electron Mode

(TEM) turbulence is calculated for similar CW and ILW discharges using the gyrokinetic code

GENE [4], in order to assess the differences seen in core energy confinement.

GENE simulations setup and discharge parameters

GENE solves the nonlinear gyrokinetic Vlasov equation coupled with Maxwell’s equations.

Collisions are modelled using a linearised Landau-Boltzmann collision operator [5]. Magnetic

fluctuations are included in all simulations. The Miller geometry model [6] is used in a flux

tube domain. Miller parameters are extracted from numerical geometries reconstructed by the

EFIT code [7]. For the linear simulations both an initial value solver and an eigenvalue solver

that can find subdominant modes are used. Two ILW discharges and two CW discharges with

global parameters matched as closely as possible are analysed. The matched global parameters

∗See the Appendix of F. Romanelli et al., Proceedings of the 25th IAEA Fusion Energy Conference 2014, Saint
Petersburg, Russia



are the plasma current, the toroidal magnetic field, applied NBI power, average electron density,

safety factor, and triangularity. The discharges are baseline H-mode with ion temperature and

rotation measurements available through charge exchange spectroscopy. Discharge parameters

are taken from TRANSP runs [8] performed with electron density and temperature profiles

from high resolution Thomson scattering measurements. One impurity species is included in

the simulation, 1.9% carbon for the CW discharges and 0.4% beryllium for the ILW discharges.

The impurity density is calculated from Ze f f , assumed constant over the whole radius [1]. The

four discharges are analysed at ρ = 0.5 where ρ is the normalized toroidal flux coordinate. The

discharges are pair wise 74313 (CW), 85407 (ILW), 74324 (CW) and 85406 (ILW). The data is

averaged over a one second time window and smoothed in the radial direction.

Linear results
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Figure 1: Growth rate change at kyρs=0.3

Due to the large uncertainty in the parameter

R/LTi , the linear and nonlinear simulations of the

ILW and CW discharges are performed as scans

over R/LTi . The turbulence is ITG dominated for

R/LTi > 4 for the ILW discharges and TEM domi-

nated for lower R/LTi while for the CW discharges

the TE mode is not excited. Thus, the discharges are

all ITG dominated at experimental R/LTi . The ITG

threshold is slightly lower for the ILW discharges and the normalized growth rates are larger at

the same R/LTi . The ILW versus CW pairs considered are not perfectly matched with respect to

dimensionless parameters. This leads to differences in linear stability of the main instabilities

in the discharges. The reason for the mismatch in many parameters is related to the difference

in pedestal height. This difference in the edge region translates into differences in the core of

key parameters like β , Shafranov shift, and collisionality. These differences are expected to dis-

appear if the pedestal confinement is recovered, e.g. through N seeding [9]. The difference in

impurity content between the pairs leads to a slightly more stable situation in the C-wall case

which should remain even if the pedestals are similar. In Figure 1, the effect of the difference

in dimensionless parameters on the linear stability is summarized. The figure shows the relative

change in the ITG growth rate when the values of the parameters in one discharge is changed to

that of the corresponding paired discharge. As seen, the mismatch in β , Shafranov shift, mag-

netic shear, and electron temperature gradient serve to destabilize the ILW discharges relative

to the CW discharges while the mismatch in collisionality and ion to electron temperature ratio

tend to stabilize the ILW discharges. The difference in the safety factor and triangularity does



not substantially change the linear stability properties.

Nonlinear results
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(a) Ion heat flux
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(b) Electron heat
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(c) Ion energy confinement times
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(d) Electron energy confinement
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Figure 2: Nonlinear R/LTi scans, electron and ion heat flux and en-
ergy confinement times

For the nonlinear GENE simula-

tions, a simulation domain in the

perpendicular plane of [Lx,Ly] =

[146,126] is used, with a res-

olution of
[
nx,nky ,nz,nv‖,nµ

]
=

[96,48,32,64,16]. The resolution

and simulation domain are checked

through convergence tests. In order

to quantify the effects of rotation, it

was included in simulations of dis-

charge 74313 and 74324. As can be

seen in Figure 2a, this resulted in

a reduction in the ion heat flux of

around 20%. For these simulations,

both the effect from the toroidal

shear and Coriolis and centrifugal

forces are included. Figures 2a and 2b show the scaling of ion and electron heat flux with

R/LTi in normalized gyroBohm units. The electron temperature gradient is here fixed at the

experimental value. An estimate of the stiffness is obtained from these normalized fluxes. As

observed, the stiffness of the ILW discharges is larger than the matched CW-discharges. In non

normalized units the heat flux for all the four discharges is comparable at the same R/LTi . The

ion heat flux is larger than the electron heat flux as expected for ITG dominated discharges.

In Figure 2a, the ion heat flux at ρ = 0.5 taken from the corresponding TRANSP runs is also

shown. For the discharges at lower R/LTi the experimental heat flux is comparable with the

simulated flux while for the discharges at higher R/LTi , the simulated ion heat flux is up to a

factor ∼ 3 higher. The discrepancy between the experimental and simulated fluxes can be ex-

plained by the uncertainty in the input parameters, in particular the uncertainty in R/LTi is large

for the ILW discharges. The results follow the linear trends in that the linearly more unstable

ILW discharges show significantly larger normalized fluxes. The electron energy confinement

times are shorter for the ILW discharges while the ion energy confinement times are similar, as

seen in Figures 2c and 2d, in line with the experimental analysis of [1]. The change is due to

the difference in NBI heating power deposited to the electrons and ions in the ILW versus CW



cases. The fraction of total NBI power deposited to the electrons is larger for ILW discharges as

compared to the CW discharges. This is a result of the lower edge Te in the ILW discharges.

Conclusion

The linear sensitivity scans showed that the relative change in key plasma parameters between

the ILW and CW discharges had a significant effect on the ITG mode stability. The total effect

of these parameter mismatches was that the ILW discharges were destabilized compared to

the CW discharges at all kyρs. The nonlinear results followed the linear ones in that the ILW

discharges showed higher normalized heat fluxes at both comparable and experimental R/LTi .

The ion energy confinement times are similar, comparing the CW and ILW discharges while

the electron energy confinement times are shorter for the ILW discharges which is in line with

experimental analysis. These results indicate that the core confinement in the ILW discharges

was affected by changes in key plasma parameters due to the degradation of the edge pedestal

if compared to CW discharges. Hence, we expect the core confinement in the ILW discharges

to be improved if the edge pedestals were recovered.
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