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Role of Fueling versus Transport
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Motivation

* Models based on pressure profile constraints
from KBM and peeling-ballooning modes
capture global pedestal pressure

structure well
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Motivation

* Models based on pressure profile constraints
from KBM and peeling-ballooning modes
capture global pedestal pressure

structure well

* Currently these models require input:

=

R

— Separatrix density
— Ratio of ne.4/ne,

Pedestal Height (pped, kPa)

3

F Fe C-Mod (3, SH expt) :

22 | ®  C-Mod (10, ELMSng H-moda) .

£ [® DukD(124) //

D [« JET(137)

£ [+ JTsou(ig) - '

g . & Compass (23)

BIOTEe AUG (13, 3

T [# MER »

o |

‘E w

=] o o~

E k] 1 1 1 gl 1 1 1 [ R A
wm':' 101 10°

20

EPED Predicted Pedestal Height (kPa)

llustration of EPED Model, DIII-D 132010

15 @

10

-- KBM Constraint (B)

I.:"eellngl-E!aIIDo'nlng Constralnt (A ._-"'

EFPED Fredlctlon
Measurement (DIII-D)

.
-t

=

Q5=
P.B. Snyder et al NF 51 103016 (2011) P.B. Snyder et al. NF 59 (2019) 08601

o. 5.0a 506 ' 0.08
7 Pedestal Width (¥}



Motivation
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What sets the pedestal density profile?
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What sets the pedestal density profile?
Role of transport

Courtesy GA theory group
General Atomics
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What sets the pedestal density profile?
Role of transport

m

|

Ng

; lonization ; )
: N, === p_ Model 1:

Vne~\7n0

1
_ _);%ped /Ane )
4 Model 2: h

ng T =shift outin SOL
shiftn,_ out
ved

In SOL
= ~A(n, —T,) # 0

|



What sets the pedestal density profile?
Role of transport
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What sets the pedestal density profile?
In future reactor role of transport becomes dominant
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Does the penetration depth of the neutrals
determine the electron density pedestal width?
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Does the penetration depth of the neutrals
determine the electron density pedestal width?

* Model assumes particle balance 4 )
Model 1:
— Constant D and no v for electron transport
—Exponential decay ne in SOL . 1/
—Flux expansion parameter for neutral: E \_ Cped Anﬂ
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Simplistic 1D model finds good agreement for
wide range of DIII-D discharges
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Similar as on DIII-D, if the ‘drift’ speed of the neutrals
Is reduced good agreement is found on MAST
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However to match fueling experiments on JET, the
‘poloidal localization’ factor needs to be adapted

* E dependson
— Plasma shape
— Fueling levels

* Model could
not reproduce
different
Isotope
experiments
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C-Mod measurements show reduced neutral penetration
depth does not result in reduced pedestal width
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Multi-machine database shows no linear trend of
An,~ 1/”eped and indicates a shift in pedestal structure
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Multi-machine database shows no linear trend of
An,~ 1/neped and indicates a shift in pedestal structure
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Multi-machine database shows no linear trend of
An,~ 1/neped and indicates a shift in pedestal structure
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Multi-machine database shows no linear trend of
An,~ 1/neped and indicates a shift in pedestal structure
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Multi-machine database shows no linear trend of
An,~ 1/neped and indicates a shift in pedestal structure
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‘Dedicated fueling studies on AUG and JET show a
shift outward of the density pedestal
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‘Dedicated fueling studies on AUG and JET show a
shift outward of the density pedestal
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YT : :
Dedicated fueling studies on AUG and JET show a
shift outward of the density pedestal
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r
The shift in the pedestal outward was also observed in
DIII-D for an open divertor configuration
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4
A trend in outward shift cannot be observed if divertor
geometry is altered in DIII-D plasmas
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Outward shift closely correlated to increasingn, = L,,/Ly, for
multiple divertor geometries, power and fueling levels in DIII-D
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Outward shift closely correlated to increasingn, = L,,/Ly, for
multiple divertor geometries, power and fueling levels in DIII-D
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What sets the pedestal density profile?
In future reactor role of transport becomes dominant




V
Integrated predictive modeling for ITER based on understanding of

current devices result in disappearance of density pedestal structure

* Integrated modeling using JINTRAC
& SOLPS to predict ITER profiles )

* The model relies for transport on a
diffusion coefficient
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Experiments on DIlI-D and C-Mod were performed to scan a

variety of level of opacity using changes in Ip and gas fueling
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Experiments on DIlI-D and C-Mod were performed to scan a

variety of level of opacity using changes in Ip and gas fueling
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Experiments on DIlI-D and C-Mod were performed to scan a

variety of level of opacity using changes in Ip and gas fueling
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Experiments on DIlI-D and C-Mod were performed to scan a
variety of level of opacity using changes in Ip and gas fueling
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Experiments on DIlI-D and C-Mod were performed to scan a
variety of level of opacity using changes in Ip and gas fueling
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Experiments on DIlI-D and C-Mod were performed to scan a
variety of level of opacity using changes in Ip and gas fueling
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How does the pedestal structure change with increasing
opacity and what is the effect of additional fueling?
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How does the pedestal structure change with increasing

opacity and what is the effect of additional fueling?
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How does the pedestal structure change with increasing

opacity and what is the effect of additional fueling?
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How does the pedestal structure change with increasing
opacity and what is the effect of additional fueling?

—

Low opacity 3 Electron density [x 1019m3 ]
L OTorr-L/s
ower n, SR A 1 |
\ \180 Torr-L/s
Dilli-D 6 145 Torr-L/SMl \ 200 Torr-L/s
”
115 Torr-L/s ‘\
4==_ |
« 1
7 \\
Y 'y
p) ' OTorr-L/s
‘ \
ko ~ 150 Torr-L/s \J"—-' i
ik N\ —
- 50 Torr- L/s/- - -

R

0
092 096 1 1.04 108

High opacity

-----------------------------

Higher n,

179 Torr L/s
1 15 Torr L/s

'Alcator

')(y)l/lod

— -

-




How does the pedestal structure change with increasing
opacity and what is the effect of additional fueling?
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How does the pedestal structure change with increasing

opacity and what is the effect of additional fueling?
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Normalized increases in gas fueling result in an increase In
the SOL density independent of opacity levels
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Normalized increases in gas fueling result in a much more
modest increase of the separatrix density
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Normalized increases in gas fueling are similar for the
pedestal as well as the separatrix
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How does the pedestal structure change with increasing

opacity and what is the effect of additional fueling?
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How does the pedestal structure change with increasing

opacity and what is the effect of additional fueling?
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How does the pedestal structure change with increasing

opacity and what is the effect of additional fueling?

GASA, B(300)
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These experiments confirm prior results and modeling from C-Mod:

Neutral penetration decreases with increasing n, p¢,

J.W. Hughes, et al. PoP 13 (2006) 056103 I
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Changing the modeling for C-Mod like conditions to DIII-D like

conditions, we observe similar trends as shown experimentally
© o NN————eee

J.W. Hughes, et al. PoP 13 (2006) 056103 I
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These experiments confirm prior results and modeling from C-Mod:

Neutral penetration decreases with increasing neped
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So what will the pedestal profile be like? A need to measure
and validate neutral source, to study transport
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ENDD diagnostic measurements on NSTX-U have been compared to

DEGAS modeling of the neutral sources
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Conclusions

N
Density pedestal currently influenced by neutral penetration

However density pedestal structure cannot be solely
determined by fueling

Opaque SOL conditions indicate that ‘peaked’ pedestal profiles

are possible
Good news for ITER/DEMO

However: we need to identify the role of various transport
contribution to the particle flux, which means measure neutrals
and validate edge codes




