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Motivation for experiments on similarity of
H-mode pedestals in DIlI-D and C-Mod

® Goal: study the similarity of the H-mode pedestal
and its effect on H-mode physics and global
plasma confinement in two different tokamaks in
plasmas with matched local edge dimensionless
parameters.

¢ Investigate the relative importance of “plasma physics”
versus “atomic physics” in controlling the pedestal
stability, height, and width

¢ Investigate the scaling of pedestal parameters with
dimensionless parameters and machine size

¢ Correlate H-mode behavior (ELM-free, ELMy, EDA...)
with shape and pedestal plasma parameters
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The pedestal temperature plays an important
role in setting core plasma performance.

® In critical gradient models, the

pedestal temperature is an [ e )
additive offset to the core of C-Mod database ;
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temperature gradient scale
length L at r=0.51is
iIndependent of input power
and confinement mode!

® Need predictive capability to scale to next generation devices
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Experimental approach: obtain H-mode pedestals with

matched dimensionless Earameters

® Study similarity of H-mode pedestal on
2 tokamaks in plasmas with:

¢ dimensionless parameters (b,r *, n*, qqs) |
matched at the top of the pedestal

¢ matched shape (k,d, and e) & stability

® Target dimensionless parameters:
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Match local edge dimensionless parameters

at top of pedestal in H-mode.

® Run DIII-D plasma to match typical C-Mod EDA
and ELMy H-modes.

Parameter C-Mod DIlI-D Scaling

R 0.7m 1.7m ~a

a 0.2m 0.48 m ~a

e 0.28 0.28

B, 54T 18T ~g
| 1 MA 0.73MA ~g 4
n, 3e20 m*® 5e19 m* ~a?
T 600 eV 390 eV ~al?
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Comparison of shape and global plasma
parameters for DIII-D (black) and C-Mod (red).
- |

e DIII-D I, By and timebase scaled with machine size.
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A good match in pedestal profiles was obtained
at a power close to the expected scaling
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Dimensionlessly similar pedestals were
obtained for EDA and ELMy C-Mod discharges.
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Dimensionless plasma parameters match
across the entire transport barrier region.
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For discharges with
similar parameters at
top of the pedestal

DIII-D & C-Mod have
the same pedestal
width in flux
coordinates

< pedestal width
scales with machine
size
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DIII-D discharges evolved into dimensionally

similar to C-Mod high b, ELMy H-modes.
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Discharges with matched dimensionless
pedestals have similar ELM behavior
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Quasi-Coherent mode is located in the lower
half of the density pedestal.

® Location verified

by probe, BES,

reflectometry)
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QC mode poloidal wavenumber scales with

device size.
e ——————————— el

® k, varies with poloidal
angle in C-Mod.:

¢ C-Mod outboard midplane
k,=1.2-1.5cm"

¢ DIII-D outboard midplane
k, =0.52-0.63 cm* (BES)
©(.56/.22) =1.3-1.6 cmtin
C-Mod

¢ DIII-D 20 cm below midplane
k,=0.73 cm™ (probe) ¥ k,
Increases toward X-point
like C-Mod and BOUT simul.

¢ Effective poloidal mode
number m = 40-50

¢ Edgeg=4+n=10-12
consistent with C-Mod
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QC-mode consists of several quasi-coherent

frequencies that vary with radius.
- |
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QC mode straddles separatrix (C-Mod & DIII-D)

and radial width scales with device size
19
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Quasi-coherent mode in DIII-D drives
substantial particle and heat flux, as in C-Mod.

® QC mode in DII-DELM-  ~ °® [
free phase drives £ 41018;
substantial local particle = 210
and heat flux R —
» 210%F
® Fluxes peak at Y, =0.99 & £ ok
error in EFIT separatrix ; 10
location? 5 6107
® Local total heat flux s 410
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= 1.1e4 W/m? g 11052‘
DII-D 0.95

3105

nﬂ!‘mr. l-r.ﬁn:ur FACLITT

guasi-coherent 1

qguasi-coherent
o/ = mode
o convected
® 9

particle flux

|g— mode

guasi-coherent

convected
heat flux

1

qguasi-coherent

4 mode

1.05 1.1
R.A. Moyer, et al.,
W APSDPP meeting 11/01— 16
n



Despite large local transport from QC mode,
DIII-D discharges are not stationary.

® ELM-free H-mode like density peaking & impurity accumulation
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After the ELMs onset, the FIR scattering
sees a core n=1 mode at low frequency

Core mode (n=1)

Small ELMs

- .. arax e o - o

m 2 .....
fim
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Edge quasi-coherent H-L back transition
Mode slows down sy py N
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QC mode is similar to QC mode in ELM-free
H-modes following very slow L-H transitions

® Moyer et al.,
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Coherent mode starts 10-50 ms into RLM-
free H-mode in both cases.
- |
® mode frequencies <0 in FIR coherent scattering
spectrum LUmode is inside the edge E, well.

® Also seen weaker signature at f > 0 (positive E))
suggests exists at zero-crossing in E, well.
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Previous QC mode also occupied the lower
half of the H-mode pedestal (0.7-2e13 cm)

.- |
® dr » 0.5-1.5cm vs. 0.8 cm for C-Mod similarity shot
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Previous quasi-coherent mode also caused

substantial transeort In ELM-free H-mode.

13

1510 N _
- total fluctuation-
T Fn ) { driven flux:
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= j Y 1 T.n=25" 10Y/cm?3s
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510 UL L AL I.,,=1.4"  10%/cm?s
0 510 * 110° 1510 ° 210° 2510 ° — 2204

frequency (kHz)

B Some evidence for multiple peaks as seen in the
C-Mod similarity discharges
€ Near 20, 30, 40, and 60 kHz
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(arb. units)

(arb. units)

Vn

c

>

Previous QC mode onset near saturation of

H-mode pedestal gradients.
.- |

® Strongest correlation is with edge density gradients
(electron and ion).

® Together with large local particle flux suggests a
causal link
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Comparison with Edge Harmonic Oscillation

In DIII-D Quiescent H-modes
- |
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® High time resolution
measurements with profile
reflectometer system indicate
that the EHO is located at
the base of the edge profile
pedestals, at or slightly
outside the separatrix
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EHO also straddles the separatrix, with peak
N where the E, shear Is greatest.
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Characteristics of edge modes on DIlI-D and

C-Mod

.- |
® EHO in DIII-D & QC mode in C-Mod generate ELM-free H-mode.

® QC mode in DIlI-D only seen in ELM-free phase but doesn’t
generate stationary operation despite driving large local transport.

Edge Harmonic

Quasi-Coherent Mode

Quasi-Coherent Mode C-

Quasi-Coherent

PR ITOAGAL P LSO SO T

Oscillation Very Slow L-H (DIII-D) Mod similarity Mode
(DI11-D) discharges (DI11-D) (C-Mod)
Increase Dg level in Yes No No Yes
divertor
Increase particle transport Yes Yes Yes Yes
across separatrix
L ocation Foot of edge barrier Lower half edgedensity Lower half edgedensity  Lower half edge density
barrier barrier barrier
Frequency 6-10 kHz (n=1) 50-60 kHz 11-15 kHz 60-200 kHz
Frequency spread 0.02 0.20 0.46 0.05-0.2
Df (FWHM)/f
Toroidal mode number Multiple, variable mix n=1-10 Unknown N ~10-12if g=4 n~15-20 if g=4
Poloidal wavelength ~100 cm (m~5) 20-30 cm (m~20-30) 10-12 cm (m~40-50) ~1 cm (m~60-80)
Edge e ectron collisionality Collisona Collisiond Collisiond Collisiona
Edgeion collisionality Collisi onless Collisional Collisional Collisional
D"’-D R.A. Moyer, et al.,

Sk DE
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Summary
- |
® DIII-D discharges have been obtained which have dimensionlessly
similar pedestals in H-mode to C-Mod at the appropriate
dimensionlessly scaled power for both EDA and ELMy H-modes
¢ Dimensionless parameters match across entire H-mode pedestal
¢ For matched dimensionless pedestal parameters, ELM behavior matched

¢ This regime in DIlI-D was very sensitive to input power; 20% increase in P,
(236 kW additional power) yielded Type | ELMs

® These dimensionally similar discharges have a 200 ms LM-free phase
with a quasi-coherent mode similar to EDA H-modes in C-Mod, but no
enhanced D, level.
¢ Mode characteristics are consistent with C-Mod QC mode

¢ The quasi-coherent mode drives substantial local particle and heat transport
as in C-Mod EDA H-modes.

¢ Despite the QC mode transport, the ELM-free phase isn’t stationary; after 200
ms, “grassy” ELMs begin

® Throughout the ELM-free and grassy ELMing phases, the core density
and impurities accumulate in DIII-D, unlike the stationary core

conditions in C-Mod
ﬂ"’-ﬂ R.A. Moyer, et al.,
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