S.M. Kaye', G. Verdoolaege??, C. Angioni*, O.J.W.F. Kardaun*, M. Maslov®, M. Romanelli®, F. Ryter4, K. Thomsen?,

Princeton Plasma Physics Laboratory, Princeton, NJ, USA
2Department of Applied Physics, Ghent University, Ghent, Belgium

First analysis of the updated ITPA global H-mode confinement database

the ASDEX Upgrade Team®, the EUROfusion MST1 Teamt and JET Contributors*

SLaboratory for Plasma Physics, Royal Military Academy, Brussels, Belgium

“Max Planck Institute for Plasma Physics, Garching, Germany
SUKAEA, Culham Science Centre, Abingdon, UK

* See the author list of “A. Kallenbach et al. Nuclear Fusion 57 (2017) 102015”
1 See the author list of “H. Meyer et al., Nucl. Fusion 57 (2017), 102014”

1 See the author list of “X. Litaudon et al., Nucl. Fusion 57 (2017), 102001"

Global energy confinement scaling

(e.g. ITER)

Boundary condition for numerical models
Guidance for development of theoretical models
Global H-Mode Confinement Database (°1989):
> Presently under ITPA umbrella

> DB4v5: data from 19 tokamaks
\__ > Version 3 (DB3, subset DB2v8) for IPB9B(y,2) (1998)

» Extrapolate plasma performance to new machines

Reference for confinement in present experiments

N\
TEth = @olp' By Tig" Pl R K" Ml

g thermal energy confinement time (s)

ff

B: on-axis vacuum toroidal magnetic field (T)

: e-av. electron density (10'° m~3)

Py thermal loss power (MW)

R: geometric major radius (m)

« = b/a: plasma elongation (= Area/ma? in IPB98 )
e:inverse aspect ratio

Meg: effective atomic mass

J

Motivation and goals

Add data closer to ITER conditions and
expand parameter range

Add data from devices with fully metallic walls
Improve reactor-relevant database coverage
w.r.t. IPB98(y,2) (high n,, low qgs, high B)

\

Reconcile with single-machine scans

(e.g. Tle, Ph)

Explore new predictor variables:

e.g. triangularity 6 (altemative to gos/qcy) ). pedestal
density, torque, ...)

Explore non-power law models (e.g. two terms)
Robust regression analysis

\Um»mcmwm update: DB5
+ Addition of data from fully metallic devices (2017):
> 627 time slices from JET-ILW (ITER-like wall) H-modes
> 825 from ASDEX Upgrade (AUG) full W wal
« Improved fast-particle loss estimates (AUG)
+ DBS5v7: 13913 points from 19 devices
> STD5 (H-mode selection criteria ): 7294 points

with low-Z (carbon wall components) vs. high-Z (tully
metal-wall devices).

> STD5-SEL1 (Qes>2.8, 1.3<k<2.2, £<0.5, Z,<5: 5956 points) E 1590 755 1384 1377 193
TN 825 0 767 767 60

> STD5-SEL2 (2.8<0ys<3.5, 1.6<K<2.0, 0.28<£<0.385 B s s 2 8 1
Z,4<3): 1674 points) [compass K] 21 21 21 14
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Histograms for the main scaling variables in STD5, Total 13913 4513 7294 5956 1674

N

+ C-Mod = ‘High-Z’ subset
(metal WALMAT, LIMMAT, DIVMAT)

1470 575 575 0

Number of data points per tokamak in DBS, E
standard set before the latest update (STD3),
current standard set (STD5) and two ITER- s\m_\ms
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Summary statistics for the main scaling variables in STD5 (values

in DB2v8 in parentheses).
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Confinement ~ enhancement ~factor
H98(y,2) = T eh/tos V5. Greenwald fraction
fe/ngw for the STD5-SEL1 data set,
highlighting the ~purely metallic devices.
Overprediction is observed approaching the
Greenwald limit

subsets (ST5-SEL1 and STD-SEL2). \
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Regression methods

« Complications al
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ng in the analysis:
Heterogeneous data from multiple devices and diagnostics

log-transformation
Within-device vs. between-device variability

Model uncertainty

Uncertainty in predictor and response variables

(T P P Ve B )

Predictor variable interdependencies (medium to strong
collinearity)

Parameter estimation techniques

> Leastsquares () = arg. ..__._M wilyi = £ () )]

ordinary least squares (OLS)

= (2+ym/4) " weighted least
1PBaBy.2) . squares (WLS)
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> Scaling with Iy s
(C-Mod, DIll-D and JET), except AUG,
but weaker for other machines
> By dependence weak in ITER-like devices,
ightly negative in AUG
> Scaling with 7ie weak in ITER-like devices,
ightly positive in JET-C. Stronger dependence
in smaller or more circular devices HIg
> Power degradation weakes

[TER parameters used: L=15 MA, Br=5.3 T, n,=10.3¢19 m®, R=6.2 m, e=a/ )
R=0.32, 1.7, 520,38, Miy=2.5, Py =87 MW/
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. IPBO8(y,2) (ELMy): T

> Stronger dependence on Iy, weaker on B

> Weaker dependence on i and R

> No dependence on e (but different x definition )

> ITER predictions up to 25% lower
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SEL1 (GLS).
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Conclusions and outlook

Ongoing revision and analysis of global H-mode confinement database

Recently added data from devices with fully metallic walls (more devices might contribute)
Single-device scalings vary considerably between machines, ITER-like devices more favorable
Comparison with IPB98(y,2) reveals some differences (subject to further analysis):

> Generally weaker dependence on toroidal field and density

> Noticeable influence of plasma triangularity on confinement

Future analysis to focus on data and variable selection, model comparison, treatment of data
subsets (e.g. weighting) and robustness, scaling with dimensionless variables
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