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Abstract

The core-edge model for predicting a pedestal formation in A-mode plasmas is developed and tested
using BALDUR integrated predictive modeling code. This model expands on an anomalous core transport model
(Mixed Bohm/gyro-Bohm) which is suitable for the edge of plasma by suppression due to the @,z flow shear
and magnetic shear effects. Moreover, the stabilizer coefficients of every species (ion, electron, hydrogenic, and
impurity) are calibrated with the experimental data of DIII-D tokamak. The root mean square (RMS%) analysis is
used to validate the optimal point of the stabilizer coefficients in every channel. Thus, the complete core-edge
model, used in predicting the pedestal formation, is confirmed accurately by cross validating with the experimental
data of JET tokamak. The results show good agreement with experimental data, with the RMS average less than

20.38% in every channel (ion temperature, electron temperature, electron density, and deuterium density).
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1. Introduction

High confinement mode (H—mode)1 has been discovered in 1982 , this regime has been
commonly operated in many experiments from different tokamaks around the world, because it
extensively increases plasma temperature and density, and energy confinement time. The
enhancement of plasma performance mainly results from the formation of transport barrier at the
edge of the plasmas. This edge transport barrier (ETB) is usually referred as the “pedestal”. Usually,
the energy content in an H-mode discharge is approximately twice the energy contained in low
confinement mode (L-mode) discharge, for the similar plasma with the same input power g Thus, to
develop a better understanding of the physical processes and the interrelationships between those
physical processes that occur in tokamak AH-mode plasma experiments, advanced computer codes
are developed to improve understanding of plasma behaviours. The integrated predictive modeling
codes, such as BALDUR3, TASK/TR4, and JETTO’ have played an important role in carrying out
simulations in order to predict the time evolution of plasma current, temperature, and density
profiles. The simulations from these integrated predictive modeling codes have advanced the field in
various aspects. In fact, many of the simulations carried out with these integrated predictive

modeling codes normally make use of boundary conditions usually been taken at the top of the



pedestal from experimental data. It was found that their predictions depend sensitively on the choice
of the pedestal conditions used. This indicates the need for reliable method for predicting boundary
conditions of the integrated predictive modeling in order to advance the predictive capability, which
is essential in designing future experiments for existing and future tokamaks. In the recent work, Y.
Pianroj, et.al. used the core-edge model which composed of the anomalous core transport model,
Mixed Bohm/gyro-Bohm (Mixed B/gB). It was extended for describing the transport in the pedestal
region, so the anomalous transport was suppressed by @, flow shear, magnetic shear (s), and the
set of calibration coefficients (C) in every channel of transport coefficients: electron thermal
diffusivity, ion thermal diffusivity, hydrogenic mass diffusivity and impurity mass diffusivity. As a
result, the pedestal can be formed.

However, this core-edge model was validated and calibrated by DIII-D tokamak
experimental data. Therefore, in this work, the method named the cross validation test is used to
check the accuracy and the capability of this model by testing with the JET tokamak experimental
data. This work is organized as follow. The next section describes briefly about the core-edge
model, and then the third section shows the results and discussions. In the final section, the

conclusion of this work is given.

2. The core and the core-edge modeling

A theory-based core-edge model for predicting a pedestal formation of electron and ion
temperature, hydrogenic density, and impurity density is developed and tested in BALDUR
integrated predictive modelling codes for self-consistently simulating the evolution of H-mode
plasmas profiles. In the core plasma, an anomalous transport is computed using a semi-empirical
Mixed Bohm/gyro-Bohm transport model6, while a neoclassical transport is computed using the
Chang-Hinton model’. For the pedestal, the anomalous core transport model is extended to be
applicable for this region by a strong suppression using @ g flow shear and magnetic shear (s). It
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is shown in this equation .
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where, C, is the coefficient for each species which were calibrated with DIII-D experimental
discharges, and y;g is the liner growth rate of ion temperature gradient mode.

To quantify the comparison between simulations and experimental data, the root-mean-
square (RMS) deviation and the offset are computed based on the difference between simulation
results and experimental data. In this paper, the RMS and the offset, which are similar to Ref.o, are

defined as Equation 2 and 3, respectively.
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where, Xexp_ is the i" data point of the experimental profile, X_ is the corresponding data point

simy
of the simulation profile, and Xexpo is the maximum data point of the experimental profile of X as a
function of radius, which has N points in total. The RMS and the offset are evaluated for each of the
four profiles: electron temperature, ion temperature, electron density, and deuterium density, for the
discharges considered. Note that the offset is positive if the simulated profile is higher than the
experimental profile, and negative if the simulated profile is lower than the experimental profile. If
the offset is zero, then the RMS is a measure of how much the shapes of the profiles differ between

simulation and experiment. Because of the significant reduction of transport in the outer region of

the plasma, the pedestal can be formed.

3. Results and discussions

After the suppression function is completed with @, g flow shear, magnetic shear and the
optimal coefficient that is calibrated by 10 DIII-D H-mode dischargess, so in this section, the
complete suppression function is used to evaluate and to validate the accuracy of the core-edge
model by the cross validation test method. Thus, the BALDUR code is used to carry out core-edge
simulation of 12 JET H-mode discharges get from the International Profile Database'". All plasma
parameters in which are used 12 by JET H-mode discharges are listed in Table 1, and are used as the

boundary conditions of the simulations. The example simulation profiles of electron temperature,



ion temperature, electron density and deuterium density as a function of minor radius that compared

to the JET experimental data discharge 35156 (low o ) and 35157 (high p ) are shown in Fig. 1.

Table 1 Details of plasma parameters for 12 JET H-mode discharges (L: Low and H: High).

Discharges | 33131 | 33140 | 33465 | 34340 | 35156 | 35171 | 35174 | 37379 | 37718 | 37728 | 38407 | 38415
Type Lp |Hp | Identity - Lp |Hp - - Lo |HO | LB | Hp
R(m) 294 | 293 | 287 | 288 | 2.87 | 2.88 | 2.87 | 291 | 294 | 292 | 291 | 2.88
a(m) 094 | 092 | 095 | 088 | 093 | 094 | 084 | 083 | 093 | 096 | 094 | 097
P 170 | 156 | 155 | 166 | 156 | 158 | 156 | 1.62 | 1.58 | 1.64 | 1.60 | 1.55
5 028 | 026 | 019 | 015 | 0.1 | 024 | 022 | 0.18 | 0.13 | 020 | 0.16 | 0.11
B,(T) 313 | 177 | 110 | 216 | 217 | 1.09 | 1.08 | 1.05 | 2.11 | 271 | 159 | 1.84
I, (MA) 2.83 | 1.61 | 1.04 | 203 | 205 | 1.01 | 1.02 | 1.00 | 1.97 | 257 | 147 | 167

ne@0®m=3y | 7.10 | 3.65 | 326 | 627 | 544 | 244 | 250 | 2.00 | 454 | 490 | 3.05 | 4.02
Zy 192 | 166 | 152 | 199 | 125 | 1.10 | 144 | 227 | 193 | 1.76 | 2.09 | 2.06

P, (MW) | 180 | 580 | 277 | 200 | 860 | 291 | 3.00 | 470 | 970 | 133 | 5.60 | 15.7

Diagnostic time(see) | 55.69 | 56.50 | 63.76 | 56.37 | 55.85 | 65.00 | 64.38 | 6338 | 5538 | 58.12 | 57.40 | 56.61
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Fig. 1 The profiles of electron temperature, ion temperature, electron density and deuterium density

as a function of minor radius. The simulation results are carried out by BALDUR with the

core-edge transport model, compared to the JET experimental data discharge 35156 (Low

0 ; Left panel) and 35171 (High o ; Right panel) at diagnostic time.




In this figure, all temperature and density profiles fit well in the core region, but quite
overpredict at the edge region, because the JET experimental data are not obviously depict the
pedestal formation. Therefore, to measure the accuracy of the model by cross validation method, the
summary of RMS and offset which are carried out by the integrated predictive modeling code of 12
JET H-mode discharges, the average of RMS and the average of offset are shown in Fig. 2. In this
figure, the RMS average and the offset average of electron temperature, ion temperature, electron
density and deuterium density of 12 JET H-mode discharges deviate from the RMS average of 10
DIII-D H-mode discharges8 6.90%, -0.25%, 7.74%, and 6.91%, respectively.
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Fig. 2 The root mean square (RMS%) on left panel and the offset (offset%) on right panel for the
electron temperature, ion temperature, electron density, and deuterium density profiles
produced by simulation using the core-edge model from BALDUR code, compared with
experimental data for 12 H-mode discharges (pedestal occurred), listed by JET device and

the average of RMS% in each profile is shown by dash line in each graph on left panel.

4. Conclusions

A theory-based model for predicting the pedestal transports in H-mode plasma is developed
and implemented in the integrated predictive modeling code BALDUR. It is found that the

simulations using BALDUR code with both core and pedestal transport models can reproduce



experimental data. It yields the average RMS of electron temperature, ion temperature, electron

density, and deuterium density. To confirm the accuracy of this model, the results are cross

validated with 12 JET H-mode discharges. The results of the RMS average of electron temperature,

ion temperature, electron density and deuterium density of 12 JET H-mode discharges deviate from

the RMS average of 10 DIII-D H-mode discharges 6.90%, -0.25%, 7.74%, and 6.91%, respectively.
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