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* H-mode based tokamak reactors require large H-mode
pedestal pressure, but ELM energy loss generally increases with
Prep- If AW is toO large, divertor target can be quickly eroded

* AW Might be reduced if the edge high pressure gradient
region is moved outward within the edge transport barrier by
contirolling the edge particle source profile.

— AWg  Is correlated with peeling/ballooning eigenmode
width which is in furn set by width of high p' region

— Pedestal density profile appears to be controlled by edge
partficle source profile while ETB width (T profile) may be
independent of parficle source profile

— Critical p' for PB mode expected to increase with narrowed
width and outward shift of high p' region at low collisionality
expected in reactor scale tfokamaks.
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H-mode based tokamak reactors require high H-mode

pedestal pressure

* Requirements of high Q=Py5on/Preating Al high Prygon = large
H-mode pedestal pressure in H-mode based tokamak reactor

Temperature profile stiffness connects

reactor performance strongly to Evidence of temperature profile
pedzegstal pressure. J. Kinsey, IAEA 02 stiffness in DIII-D density scan
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P:, determined by physics of edge stability and the ETB

width which are expected to be interdependent

Tped limits for ITER, npe=7.1 1013 cm® * ELITE code results for simplified
12.00 ——— m > ITER equilibrium
Stability 2nd Stable/ — Same width of steep

-calculations gradient region in pedestal T

E for ITER and n and fixed density
5 800 - — Savuter model j;
Iq—)Cl » Stability + T, requirement for
9 core confinement = minimum
7)) ETB width
§ 4.00 - - Expe.rimen’rs have widths in the
= —— n=30 required range
= o T e Curves are offset linear < p’
/ - ”:ig increases as small width
I s i I + n-l e Edge p' affects the E, well and
70.00 0.024 0.04 0.06 0.08 thereby possibly the ETB
pedestal width/minor radius (A/a) structure

o STABILITY + GLF23 @ Q=10:> AM'DPLANE/a - 2-5 %
STABILITY + MM @ Q=10 => Aypp ane/a = 1 %
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n, pedestal structure may be set by structure of edge

particle source
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Can structure of pedestal n_ profile be set with particle

source siructure independent of ETB width ?

e Hinton, Staebler': Velocity shear can take on any value consistent with
radial force balance = structure of particle and heat sources can
control velocity shear and tfransport barrier width.

A~ [22 5% IN(CTge,Qsep) 12

 Dimensionally identical experiments which match plasma shape and
dimensionless parameters at top of pedestal in different size tokamaks,
CMOD/DIII-D, CMOD/JET, JET/DIII-D, all give A;« a

— But using Engelhardi-Wagner- Mahdavi model in Hinton, Staebler
formula gives A= 2V,® /(oV,n{*)[IN(CTs,,Qse)1"? and then applying the
dimensionless scollng cons’rram’rs nocar K T~ 12gives Ao a?/4

200
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[1] Hinton, F.L., Staebler, G.M., Phys. Fluids B 5, (1993), 1281.
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A/a, B;, ELM behavior all match under dimensionally identical

pedestal conditions in CMOD/DIII-D comparison experiment
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A technique for significantly reducing ELM size is

required for H-mode based tokamak reactor (ITER)

e Divertor target lifetime in ITER would be

u N I strongly reduce below a threshold ELM
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ELM size (energy loss) correlated with peeling-ballooning

eigenmode width in JT-60U high triangularity discharges

e Giant ELMs ~ 100 Hz, small amplitude “grassy” ELMs ~ Grassy ELM
500-1000 Hz . n=13

* Atintermediate 5 and q,; mixtures of giant and grassy
ELMs

* Unstable edge modes in grassy elm discharges have
narrow radial mode width (ELITE Code).

 Changes in radial width related to difference in q profiles

E3comg 207, G EI-:.-?-EI-IS.I =17, 130N Exan 1E.Eli||q:|-i'.1'|i‘“|:l.4 Ii"'II A EH511.EI.E|.I:|._-|5FE.I.?‘-*EI.-IB.:E-L!.I"-\:.E
! UL l ! } glant, | | (&) mixture i grassy
i M ) Fm L | —
'E U jl.“ h“‘..‘ QLL-J B e s, A n S
E Ml | B ~ Giant ELM
B T i " n=13
0 E32580 367, gy g=0.8, imll3Z, 118, | i
0 '} 0/ O ] l mixture
: - Jw»
£ “"‘ 1 u'MM*-.
= 03 :
- Eadzag 211 gye=dd, i M 127N E‘ﬂ.z' ' . ; LJJ‘:EDHE'!I:EEIHIHCIUl =18, 11.0MW
- t] gian t ~J | giant
AU
E O g gy MU«,HML\.“LJJU *&A_L;g
dgs T. e 7.

’ T. Osborne, APS 2005

T1ONAL FUSION FACIBTY

10/21/2005



A path to small ELMs with large p,.4 ?

 Control particle source to move steep gradient
region in density toward separairix = narrowed
steep gradient region in pressure = narrowed PB
eigenmode width = smaller ELMs

 Improved stability on more sirongly shaped surfaces
near separatrix + increased p' at reduced width for
PB modes may make up for the reduced pressure
width thus keeping pressure more constant

— Increasing collisionality near separatrix should
reduce the booftstrap current in defriment to p'

o Will ETB width (Temperature profile) be effected ?




ELM size and PB eigenmode width decrease as extent of
high p' region is reduced with increased n,
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Steep gradient regions in both n_, and T, are reduced in

width with D, gas puffing to high density

* Steeping of n,
profile at high
density is consistent
with neutral
penetration model

Engelhardt-Wagner-Mahdavi
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Steep gradient region in T_ narrows and ELM size is

reduce with D, gas puffing

* Width of Te steep gradient region is narrowed with D, gas puffing
even though pedestal n_ does not increase
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In p. scaling experiment n_, and neutral penetration are

varied with B (fixed q) without additional gas puft
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In p. scaling experiment ETB width remained fixed as

reduced nevutral penetration at high B reduced the p’ width
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Calculations for ITER indicate pedestal p' should increase

at small widths

Tped limitsfor ITER, npey=7.1 1013 cm®

12.00 : ,

- Stability

| for ITER
P.B. Snydeq
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|
0.00 0.02

| 1 |
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0.08

Curves are offset linear < p'

increases as small width

Difference in ITER might be
lower collisionality allowing
bootstrap current to
maintain second stable
access as steep p’' region
shifts toward separatrix and
lower temperature.

T. Osborne, APS 2005

10/21/2005




Analysis of the effects of pedestal density profile shape

on achievable B,., and PB eigenmode width.

* Begin with equilibrium for high p. discharge in p. scan.
 Atfixed pedestal n_, vary n_ profile. Two methods:

— Compress against separatrix = varied n, gradient and
relation to T, profile

— Rigid shift = varied n, relation to T, profile

* Increase Ty, at fixed T profile shape until PB mode becomes
unstable (y>®0+./2) = maximum B,

— Current distribution in pedestal determined self consistently
by running a transport simulations with ONETWO code

e Both bootstrap (Sauter model) and Ohmic current

 Width of steep p' region taken to be PB mode width (can be
confirmed in the future)
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Pedestal density profile scan to determine effect of n,
profile on achievable B,., 1: compress against separatrix

.19 ggainst separatrix
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Pedestal density profile scan to determine effect of n,

profile on achievable B, 2: simple rigid shift
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Beep ONly weakly reduced with narrowing of the n_ steep gradient

region in simulation while PB mode (p') width sirongly reduced
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Conclusions

* If the n, profile in the pedestal region can be steepened and
moved toward the separatrix without the ETB itself being
narrowed, the resulting pressure profile may result in small
ELMs while still keeping B¢, high

— Independence of pedestal T profile from n profile and
particle source structure suggested by but still not
confirmed by experiments

— Relation between linear PB eigenmode width and ELM size
not understood

* Need to examine expected density profiles for pellet injection
in ITER

— Pellet size, velocity, or aiming might be adjusted to
produce pedestal n, profiles with small p' width but high
Beep resulting in small ELMs
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