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Pedestal Database Measurements Come from a

Variety of DIlI-D H-mode Shots

e Scans
— p. SCan for comparison with JET

— EPED scaling tests
* shape
* Qos
* Bp
— ITER demo discharges

* baseline
* hybrid
* steady state

e Data sources
— Ne and Te come from Thomson scattering
— Lo comes from ne and CER determination of Carbon

density
— Data averaged over ~ 80-99% phase of multiple ELM
cycles
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he and Te Data are Fit by Modified Tanh
f; Data are Fit by Spline

_ ped - off [(1 + z*slo)e? — e‘z] . ped + off
- 2

fit

et+ e % 2

N
I

,Sym — p
Podestal Height™ "~ 7T 7T TT T TT I IN SRkl wid

: sym .

sym

P
[

Ne

I:On
o
rr
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2

[ symmetry_ A =7

043-11/SSljy




ne Tanh Symmetry Point Occurs Further Out for the

Database than the Te Symmetry Point

« Green line
indicates equality

* Local fueling may
account for p, > p,

°© o o
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T, symmetry point (v, )
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0-%90 0.92 0.94 0.96 0.98 1.00 1.02
n, symmetry point ()
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Paleoclassical Diffusion, Proportional to

Neoclassical Resistivity, is a Minimum Transport

e The main thrust of paleoclassical theory is that as poloidal
magnetic flux diffuses outward, it carries with it particles and
energy, which can be characterized by a single diffusion
coefficient, D, = Tlﬂc /ug, where the resistivity is the parallel

neoclassical resistivity

¢ |n this study nﬂc is evaluated based on equations given in
UW-CPTC 09-6R

e Because paleoclassical processes are only the minimum
transport processes, they are only dominant in the steep
gradient region of the pedestal where other processes are less
dominant

e To compare the paleoclassical model of the electron pedestal
to experimental measurements, we will evaluate Eqgs. (1) & (2)
(see next slide) at the symmetry point of the T tanh fit p;
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Paleoclassical Predictions in the Pedestal:
ne and Ve

- Electron density profile in the pedestal’

a .
a? (neDnV'/az)‘q+f Nedp
o]

n ~ — 1
() a (0,V /4 (1)
- Electron temperature gradient?
_dle _ Pe —(3/2)N.Te )

dpo  (3/2)(V'D,nea2/a?)

"UW-CPTC 10-6 Eq. (29)
2UW-CPTC 10-6 Eq. (35)
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Definitions of Terms

( electron heat flow through the separatrix
Pe = — ¢ ¢ V(p) [Qne’r [e , ] . [ = particle flux
VTelN) | d
L"), M)+ Vi g (3VTer) |9
( Parficle flow through the separatrix
Ne = — ¢ a V' = g(volume)
=T\ [ VOsnas =3
\ P
(Sn) = local particle source
Q2°" = |ocal electron heating
1/(mRpQ) . o _
M = — helical winding factor N =1 de|q’|/C
/(7R max) + 1/ g max /v/moe|d|/
Ae = YTe " Coloumb collision ‘mean free path’ de = C/wp
Ve
—2
a= (R™7) a = Minor radius

(IVpl?/R?)
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Across the Whole Database, Paleoclassical

Predictions of VTg | p; are Fairly Close to Experiment

50t | | | | | | | | 1 o
- Paleoclassical
‘h predictions are in
ol 133137 7 the ballpark of
experimental
£ gradients
;;‘}30 131499 » The line indicates
q equality
£ - avg(VTEe/VIg®) =
£ ; 1.1 0.6

* Input & output
profiles given on
ensvuing slides for

10|
138431

136097 136068 labelled shots
0-5 6 5 16 15 26 25 36 35 40
Paleoclassical ~ —VT.|,, [keV/m]
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Te Predictions for Whole Database Show

Dependence on Edge Electron Heat Flow

60 1 Te gradients vs edge conductive heat flows | ‘ ‘ ‘ .

50| = Experimental e Paleoclassical | ® Experlmenfql VTe
= aof + | + , and paleoclassical
E 20! iﬁiﬁ L4 ; . i predictions of VT,
RN TR IR BEAN T S §;, P seem to be
T ol i‘i.' ; hLA LR 3L 5;1 v f‘! . tracking differently

) o om . F) L] .
of %+ ° | "t ;o with edge power

-10 | } — } — } " * Best agreement for

2.5 H 1 i * moderate eleciron
< 20 %}k } 1 K P power flows
S0 15| | $ |
S o } $7a4
ool bt e AT e
> * ® 9 *
< 05 ’%% ® 1 é : N

s $
00, ¢ 1 . ®
VS 2 3 4 1 0 1 2 3 4 5 ¢ 7
Electron heat flow (MW) lon heat flow (MW)
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Across the Whole Database, Predictions of ne|pt

Overshoot Experimental Measurements

0.6
f T { . .
”}‘ T JI.” T]It‘u } + { . q(F) > pT) — q(pT)
i 131499 T ‘ ] . v e
0 i b * The line indicates
— 1384 equality
@ | 136186 _}_ |
oé 0.4 | _ L i | | ® qvg(nQC/ngxp)
2 ———1 : =23%05
5 p—d—+ =
503 — 4 : :
: e r=rm — |  Input & output
; ‘ profiles given on
g 02 o o | ensuing slides for
& _%r o labelled shots
01 136097 ]
P136068
0.0 ‘

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Paleoclassical nelp,; a(a) — a(py) (102%/m3)
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he Predictions for Whole Database Depend

Greatly on a at Edge

0.6 . . . . . : .
’ :&%‘ ' * Definition of n&¢
DU B ¢ S | | | depends on a(a)
0.5} N ! < .
R in constant of
~ AN S | 1 | integration
£ i ] _
g o4 + _+_ . e a varies more than
< — 131499 physically
03| oy < reasonable
5 e 133137 outside p, = 0.985
(]
£
.E»_ 0.271 ] ¢ PC/XP Ratio:
3 136186
— 4922
o1l « ngt:alp>p)— alp) || (edge a)
. 136097 « nP:a(p> p.)— @ . 23 + 05
e [T Favaly (symmetry a)
0 1 2 3 4 5 6 7 8

Paleoclassical n. | p; (1020/m?3)
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Input Profiles: Shot 131499, Low VIE®

Suspicious that Edge lon Heat Flow > Elec. Flow

0.90 pvvsse 2.10

®®dn. 1102%/mi| T, [keV] o oge o

0.45 !""""00.::38:3. ] 1.05 ron....llll'::OJ‘oooo; Ion quqntltles Shown In
0.00 ‘ Ll 0.00 BRRiL LPPHY green

3 . 10.5 '

SRAEREIIC S TR IO TR

2| 2208 65 | A . : : :

1 o eeiereeeendees Vertical line is p;
0.5 net (MW /m q-..rrl 8 Sa) [102/m¥/sl| - °
softanesesntitiann, | o i | Scalarinputs:
-0.5 ‘ : ‘ 0#......4-4000"1""‘
0.60 GIT 1.8 N BtO=-1.9T
0.54 7......000000000:00001 1.7iooooooooooooooqlooooi RO:].7m
048 ‘ - 16 ‘ : edge_elec_cond_energy_flow =
08 T Ty T 0.26 MW
d SYTTIIL LSS N FUUUURROUPPPTLL R edge_ion_cond_energy_flow =
0.6 ‘ ' 0.00 ‘ ' 3 MW
0.90 ool T : 4.00 (IVolPRZ/R?) [1] edge por.l. ﬂOW — 4 4 X 102]/5
0.75 | ’000.00.:000.’ 275 ......‘..o — — .
0.60 ‘ : T Akl
13 (710 17 AT
” LS N i  Shot 133137 is similar
18.90 0}09 1.00 14,90 0.3 1.00
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Paleoclassical Predictions: Shot 131499, Low VT§°

W T e e et e —ate | - Eq. (1) is sensitive to a at
1.2} e n‘eJc I nzc; Ne — O, | the edge
10 a(p >pr) = alpr)

T

The local source term N¢
is not a large contributor

L

z: - Vertical line is pyg
0.0 * Values pr:

P, =0.37 % 0.023
n2°l, = 0.66+ 0.15

- VIS®|, = 22+ 2.4

- VT8, = —2.5+ 0.55

To (keV)

-0.4 ‘ ‘ ‘ L
0.90 0.92 094 0% 0.98 1.00
n
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Input Profiles: Shot 136186, High VIR

High

q, Lows

0.90 ne [1029m 3] :
0.45| '
lcclalaaoc..J.,.....
0.00 ‘ !
3 Talll |
2| ' 1
1 HHHH;Q;;EH;,;;.
0.5 Qe [MW/m?]|
00fes88323s220s0is88888]
1
-0.5
0.60 T eSO VY
oooooooMo:oooo
0.54¢} 1 |
1
0.48
0.8 pm]je qee®®
0000.... 1
0.7} i
1
0.6 ‘ '
0.90 T
[A 1] :
0.75""0000....0':000000;
0.60
13.5 (Ve 11 4
7.5} I 1
1.5 oooooooooqooo:ooo°°.
0.90 0.95 1.00

Pn

N, 'ONAL FUSION FACILT

2.10 S
1‘05’""".000.":
0.00 o
10.5 : :
657000000000...”..... |
' 1
1
25 ‘
il |
OM:L"“
'8 CIDI
1
1.7’ooooooooo....:......;
1.6
0.90 e :
0.457ooooooooooooo:°°°..
1
0.00 !
4.00 (|Vp|2R§/ R2) [] .
2.7570000000000000:.00°. |
1
1.50
- LT ]
1'470000000000000:00000 |
1
1.1 ‘
0.90 0.95 1.00
Pn

* lon quantities shown in
green

* Vertical line is p,

 Scalar inputs:

BtO=-2T

RO=1.7m

edge_elec_cond_energy_flow =
2.5 MW

edge_ion_cond_energy_flow =
5.3 MW

edge_part_flow = 3.6 x 1021/s
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Paleo Predictions: Shot 136186, High VIE®©

Low s — more Anomalous Transport

o ——r : \ - Eg. (1) is sensitive to a at
: —— ngx —— nec; a(p >0 T) g a(pT) 1

12 ]\H\'L_._ ng’ ng% Ne — 0, | the edge

o] ! bzpd=akd [}« The local source term Ne

has a larger effect

o ¢
o

Ne [102°/ m3]
o
o]

0.4 - Vertical line is p;
0.2 !

0.0 ‘ ‘ . * Values at py

3.5 ‘ ‘ ‘ ‘

nSP|, = 0.23 +0.013

n|, = 0.47 + 0.054
VISP, = 184 1.2
VTS|, = 37 +2.9

0.0 ‘ ‘ . ‘
0.90 0.92 0.94 0.96 0.98 1.00
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Input Profiles: Shot 136068, Low ng, Byg; T > Te

Low Edge Energy Flows

0.90 2.10

ne 102%/m3 | | Te [keV]] | oge N

0.45 | 108feverennen..... | ° lon quantities shown in
000129089960 000000nanaa] QOO"“"""M-.::;_:_:_:_:_} green

3>§ Zeii [] . 10.5 X 4

S| PHEreesaesdaats ool D . L

1 ‘ E 2.5»oooooooo.oooooioo°°. ¢ Verillcal Ilne |S pT
0.5 : 8 —

[Qze Mw/mI[ [(Sn) 1102/ m¥s][, ° : .
0.0}88888888000000j00000/ 4l : | Scalar inputs:
-0.5 ‘ ' Qlesssccsocsccanaanaas
BtO=-1T

0.60 T 1.8 ol
0.54} ..oool%]ooo:ooooﬂ 1.7........%..:....“ RO:]'7m
048l . 6 . edge_elec_cond_energy_flow =
0.8 leIml] 0.90 T 0% mYs]| | 0.56 MW
o URORPPR YL Shide 0.45} edge_ion_cond_energy_flow =
 — 0% — 0.43 MW )
"Ufeeccccoe ...:"". ) (IVpI*R3/R?) [1], — 1
075! : , 575! L. edge_part_flow =0.95x 104/s
0.60 ‘ : 1 50haseccccccccccee?
13.5 (Ve 11 17 [RE/ROTY|

75| S T ...l Shot 136097 is similar

]b5.90 0.95 : 1.00 1(};(.) = 0.;75 I 1.00

Pn Pn
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Paleo Predictions: Shot 136068, Low ng

Te and VT Well Matched

1.4f oxp bc. o | -~ a 1 : it a
Bl e aN(p >r; )= alen) |  Eq. (1) is sensitive to a at
—0— e Ne  Ne = U,

a(p >p T) — a(pr) ] the edge

—
o

* The local source term N¢

ne (10°/m3)
o
o]

o
o

o is not a large contributor

N, - Vertical line is p;

0.0

07 * Values at py.

0.6 exp B

0.5 ne ’p_l_ — 0-37 :l: 0.023
30 n>|,. =0.66 +0.15
3 e Ipg

T
o
w

VTP, =22+2.4
- VT |, = —2.5+0.55

o
N

o©
—

085 0.92 0.94 0.96 0.98 1.00
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Input Profiles: Shot 138431, High ng Low Z¢

z::z'....'.]ne[lozo/m?’]..éo... | ?:): E | . .
i~ o Lmteeeeensaingy,|  © lON quantities shown in
3 T 10.5 T ] green
2t : : 6.5} :
ALLLLIFFTTTTHIVETS ggleeecteietttti, * Vertical line is p;
0.5 Qe MW/ mJore © 8 (5w 11027 ms [
oofssssseessls | af . .« 1 * Scalar inputs:
05 ‘ 00:000° | 0l o0 ® ‘ )
0.60 T 1.8 T
054l M : eeel 17,000000.M00:000001 B'I'O: —2.] T
' oooooo...000'°:° : : RO:].7m
0.48 ‘ : 1.6 ‘ :
0.8 T 0.90 IR - edge_elec_cond_energy_flow =
0.7} e 0.45} e 3.1 MW
9 CLLLLLb e bbbt edge_ion_cond_energy_flow =
0.90 oooooooOMOoo:oooo. 4.00 |(|VP|2R§/R2)[]: 2.8 MW
0.75} : ’ 2.75¢ E.."f edge_part_flow = 4.4 x 1021/s
0.60 ‘ ' 150Leeeeeccccscc?,
13.5 T 1.7 w0
7.5} I 1 1.4} ! '
16.90 095 =00 16.95""."(.);7;. T 7.00
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Paleo Predictions: Shot 138431, High ng
Te and VT well Matched

‘ A I\

1.4} n:xp

pc

—e— Ng

—o— n8%alp > pr) = alpr) ||
ngc; Ne - ol |
a(p > pr) = a(py)

ne [10%29/ m3)
o
oo

0850 0.92 0.94

0.96 0.98 1.00

- Eq. (1) is sensitive to a at
the edge

* The local source term Ng
is not a large contributor

- Vertical line is p;

- Values at p;:

ng™Pl, = 0.53 +0.024
ng“l,, =1.5+0.26

- VIg™®, =15+13

- VI, =20+23
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DIll-D pedestal group has collected a database of profiles

Paleoclassical predictions for ne and VT, have been compared
to the database of profiles evaluated at the Te symmetry point p,

The ratio of paleoclassical prediction to experimental
measurement is closer for VTe than ne

nk® correlates well with ng™?

ng“ depends heavily on the edge parameters a, D,; not so
much on N¢

V12° depends heavily on the edge electron conductive power
flow

Future: Couple paleoclassical with TGLF to obtain anomolous
tfransport at top of pedestal
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