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Future Machines Need Adequate Pedestal Height

¢ Coreconfinement increases as pedestal height increases
¢ MHD limits T, for agiven pedestal width (Snyder - ThursAM)
¢ Weneed to understand scaling of pedestal width
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ThisTalk Examines a Self-consistent Theory
for H-mode Barrier Structure

Hinton & Staebler time-dependent numerical transport calculations
have produced “H-mode” profiles- Phys. FluidsB 5 1281 (1993)

QExp reduces transport Thistalk examinestwo questions
*0n- D, posed by Hinton-Staebler model
QExB"?'? o Issteegp gradient region of
density profile equal to fuelling
v depth?
Avarrier =Ar T(Q) o Does steep gradient region of
v density profile sst minimum size
Transport barrier width of transport barrier width?
deter mined mainly by
particle sour ce and increases L ebedev, Diamond, Carreras have analytic
weakly with heat flux. model _vvith similar physics for barrier
formation - Phys. Plasmas 4 1087 (1997)
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L -mode Edge Density Gradient Provides
Motivation to Examine Neutral Fuelling

Pressure profile
Shows No
transport barrier

ssssssss

0.8 1.0

Neutral source
11 can explain edge
gradient

Ne (101° m-3)
0 |

I :
0.6 0.8 10
LIJn

RJG IAEA 2002



Analytic Model Developed to Compute Edge
Electron Density Profile (Mahdavi)

~N
(Wagner, L ackner, Engelhardt
solved coupled equations for

density and neutral atoms!?

\
on
K; EDKGQZ NNeS

an
Vh En = —NhNe§

¢ Mahdavi extended model and

applied to H-mode dendty?

o Poloidally localized fuelling, Frank-
Condon and CX neutrals, step in D
acrossLCFS, ...

Model valid for edge T, ~40-500 eV
AssumeA, , < A
Caseof A, = A i Modifies details
but not basic conclusions®

Benchmarked against UEDGE 2D
edge modeling code’

barrier
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Model Predictsthat Electron and Neutral Profiles
Have Same Scale LengthsInside Separatrix - A .

_ Scrape-off Layer -
Core Fuelling per pendicular and
Plasma Zone parallel transport

A, IS approximately A,
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Analytic Model Predicts Observed Decr ease of
Density Width vs Pedestal Density

DENSITY WIDTH (m)
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Analytic Model Predicts Observed n_, Gradients
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Gradient from modd, / ’
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Model Predicts: For Samen, ., L -mode and
H-mode n, Profiles Have Similar Shape

Widthsfrom separatrix to pedestal are similar.
Different n, o, can be explained by different transport coefficients.

6 . 6 .
Experiment : Model )
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Changesin Density Profilefrom L toH Are
Consistent with Plasma Physics Plus Atomic Physics

Decrease in width and increase in gradient of density at L-H transition is
consistent with reduced diffusion coefficient with ~ constant fuelling.

82093
Bne ~ /M, ped 4 “ﬁ%

Lne ~ (ne,ped)2

DIl -D RIG IAEA 2002
NATIONAL FUSION FACILITY Wn

ssssssss

10



Does steep gradient region of density profile set
minimum size of transport barrier?

¢ Hinton & Staebler :

Transport barrier width
determined mainly by
particle sour ce and
Increases weakly with
heat flux

Totest, use AT from

tanh asmeasure of A

Measure An_ from T,
foot to inner edge of n,
barrier
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Width of Density Step Provides L ower Limit for
Width of Transport Barrier
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Most probableratio= 1.1-1.2

Averageratio= 1.3-1.5

# occurences per bin
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Summary and Conclusions

¢ Iswidth of steep gradient region in H-mode density profile
approximately equal to fuelling depth?

o Yes, DIlI-D evidence grongly supportsthispicture

o Widthsand gradientsof n, profile scale and have approximate
magnitudes expected from a model, including transport and fuelling

o Model providesunified view of L-mode and H-mode n, profiles

¢ Doesdengity step width set minimum size of transport barrier?
o Yes, clear evidencein support of thisidea
o T.barrier isalwaysaswideasor wider than n, step

¢ Thesedata and analysis support hypothesisthat minimum
H-mode barrier width is set by fuelling

¢ Scaling of transport barrier remains unknown
o MHD, poloidal gyroradius, magnetic shear, etc. might be important

(Osborne-Wed pm)
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Possible Implications for Next Step Machines

¢ Thispicturefor minimum transport width hasno intrinsic size
scaling and scales unfavorably as density isincreased

¢ Someissues can modify the picture:
o Transport barrier can bewider than density step
— Scaling isnot known

o At higher temperature, increased neutral velocity and cross section
effects (e.g., reduced ionization rate) will lead to deeper neutral
penetration and wider density step

— Possible evidence from VH-mode, which has wider density step than
expected from analytic model but also higher temperature than valid
INn model

¢ Anideafor pedestal control

o Techniquesto deposit neutrals deeper into plasma than possible
with gas-fuelling may lead to control of pedestal width and gradient
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