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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.
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channels have provided an improved understanding
of the experimental fidelity of those models over a 4.0F
range of plasma parameters. Modeling results
previously presented at the 2010 IAEA FEC 2.0}
meeting [1] predicted ITER to be in a strongly stiff
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experiment conducted was therefore designed to test 2.0} 30 gischarges | B
predictions of H-mode core transport stiffness at ' .
fixed pedestal density and temperature, in order to 3 h8 -
mimic as closely as possible the modeling scenarios = 16}
reported in Kinsey et al. [1]. In low triangularity ~
plasmas, a factor of 3 variation in neutral beam 14}
injection (NBI) heating was obtained, with modest 12 (b) A
changes pedestal conditions that slowly increased 2.0 30 40 50 60 7.0 8.0 9.0 100

with applied heating. In these plasmas, the electron Pyg (MW)

temperature profile was essentially invariant with  Fig. 1. (a) Comparisons of TGLF
increased heating, while only a small increase  predictions (—) of 7} and 7, to measured
(primarily at smaller radii) was observed in the jon  Profiles (*) (b) Comparisons of predicted

) volume-averaged 7; and 7, profiles
temperature. The measurements and trends with  ,oimalized to their value at p = 0.84
increased NBI heating are well-reproduced by the  against measurements.
quasilinear TGLF [2] transport model (Fig. 1),
which predicts that the electron transport is dominated by electron temperature gradient
(ETG) modes across the entire simulation domain (0<p<0.84), and that the ion transport is
neoclassical inside p=0.2-0.4. These results provide significant additional support for the
fidelity of the TGLF model for H-mode parameters [1].

Building upon these assessments of model fidelity in reproducing the overall core profile
stiffness, a second set of experiments was performed to quantify the relationship between the
local electron heat flux Q, and electron temperature gradient by varying the deposition profile
of electron cyclotron heating (ECH) about a specified reference radius. Applying this
technique to low current (/,= 0.8 MA), low density (7, =2.0x10" m?) L-mode plasmas
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with no other external heating, a critical inverse electron temperature gradient scale length
has been identified for the first time in DIII-D. A separate heat pulse analysis obtained
provides an independent confirmation of the critical 1/L,, = -VT, /T, value.

Initial analysis of these discharges using TGLF and
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the nonlinear gyrokinetic code GYRO [3] yield an p=06 . " _Power

interesting spectrum of agreement and disagreement sotECHonly B8, gibalance

between code and experiment. Linear growth rate ol Heat I’IU|§E I S |

analyses support the experimental observation of a critica:2|a a‘/’f:

critical gradient near the measured critical value of @ 20r ‘ .
e o

a/Ly. ., =20x03, transitioning from near-zero S 15k |

values below that gradient to finite and increasing
values above it. Both TGLF and nonlinear, local, low-
k GYRO simulations predict similar levels of near-
zero turbulence and transport at or below the

experimental critical gradient and experimentally 3 5
relevant levels of transport above it (Fig. 2). However, allre

both codes also systematically underpredict the power Fig. 2. Comparison of power
balance transport analyses in both the electron and ion balance Q. calculations against

. . TGLF and GYR ictions.
(not shown) channels. It is found that approximately GLF and GYRO predictions

50% increases in both a/L;, and a/L;, are needed in the TGLF calculations of Q, and Q, to
match the power balance calculations, larger than the ~25% uncertainty in the experimental
gradients. This disagreement provides an interesting counterpoint to the close agreement
observed in the H-mode validation study described above, and provides an avenue for
improving our models and understanding of electron turbulence.

These results build upon a number of previous validation studies [4] of electron transport
at DIII-D, the most recent of which used similar variations of ECH deposition to measure
scalings of local gradients and fluctuation properties. New gyrokinetic modeling findings that
go beyond those reported in DeBoo et al. [4] indicate that both local and global GYRO
simulations predict similar transport levels to each other, and that both approaches are
generally able to reproduce the magnitudes and scalings of the electron (but not ion) heat flux
with 1/L,,, as well as the low-k T, fluctuations (Fig. 3).

The validation studies described above, as well as additional studies focusing on scalings
with other parameters such as plasma elongation, provide clear tests of model and code
fidelity in predicting electron transport and 2.0

turbulence over a wide range of plasma conditions. gz%‘l'l’;‘;vi ':ITS OTe(!)Teolr)
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