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NSTX FYO8 milestone, ST development path and

divertor physics studies motivate the XP

= NSTX Edge Physics Milestone FY2008
“Study variation and control of SOL heat flux...”

= NSTX high «k, 8 LSN plasmas (developed in J. Menard’s XP) show
potential for future ST-CTF:
- hlgh BT' Bn
— long pulse, high H89P scaling factor
— high booftstrap and non-inductive current fractions
— small or no ELMs

= Test radiative and dissipative divertor techniques for divertor peak
heat flux reduction in highly shaped plasmas

= For elongated plasmas upper divertor properties may be important -
Study upper divertor particle and heat fluxes (hew FY0/)
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Divertor heat flux reduction scenario in highly

shaped plasmas may be different
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OSP detachment threshold to be investigated (geomeitry) R. Maingi
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More favorable scaling of peak OSP heat flux with

input power is obtained in higher k, 0 plasmas

119922 (0.740 s)
119842 (0.345 s)
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e Scaling depends on fueling location and gas injection rate

10_—

¢ Py is determined from measured and TRANSP-calcualted

quantities as
Psor, = Pnpr + Pon
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Run plan - overview

= Divertor D, puffing (~ 0.5-0.7 day)
— Target plasma - 4-6 MW H-mode LSN plasma, 0.7-0.8 MA, 4.5 kG,
0~0.7-0.8, k~2.3
— Try 200-400 Torr | / s from LDGIS and 100-160 Torr | /s from Branch 5
injectors

= (Optional) Extrinsic impurity puffing (CD, or N,) (~ 0.2-0.5 day)

" Measure divertor heat flux profiles, D, D,, C lll divertor and midplane
profiles, rad. power, particle fluxes, edge and divertor T, n_ for
comparison with models

= If GPl diagnostic and fast cameras are available, test blob radial transport
theory
— Proposed at NSTX RF FY 07 by J. Myra (Lodestar), also discussed by
R. Magueda (Nova Photonics), J. Boedo (UCSD)
— Blob rad. velocity increases with resistivity (disconnection from sheath)
— Disconnection is achieved through X-point cooling or OSP detachment
— Use UCSD probe, GPI and fast cameras during divertor gas injections
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Results of 1/2 run day 20 February 2007

2[TrrrTrrT T T
= Required shape and plasma quality could not | x=232,06=0.77]
be obtained [ . ~
— Target plasma - 4 MW H-mode LSN plasma, ;
0.8 MA, 4.5kG, 8~0.7-0.8, k~2.3
— Machine conditions were adequate but
plasma responded differently to the template
shot coil currents (I; different)
— Inner gap, Drsep, outer SP drifted too much

= Diagnostics did not cooperate
— Lower divertor infrared camera did not work
— Swapped two cameras during a controlled
access - worked

= Ran 3 shots with gas puffs - measured divertor

power ,[ 119922 (07409) n
- | I I 11 1 1 11 1 1 1
0.0 0.5 1.0 1.5
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Back-up slides
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Divertor peak heat flux reduced by 2-5 with

radiative/dissipative divertor in lower «,6 plasmas

Completed low §,k part in 2006
Multi-institutional experiment - LLNL, ORNL, PPPL, U Washington, UCSD
C. J. Lasnier (LLNL staff at DIlII-D) participated in 2005 experiment

NSTX results to date (4 MW NBI lower §,x H-mode plasma)

M OSP does not detach at high densities (n, ~ ng) as a result of short L and
open divertor geometry. ISP detaches at low n,, P,
M Midplane neon puffing produces radiative mantle
M Obtained OSP partial detachment with high-rate D, puffing in ISP region
v Peak OSP heat flux reduced by 2-5
v Core confinement degrades within 2-5
v H-L fransition within 20-50 ms (too much gas)
v X-point MARFE forms quickly
M Obtained radiative divertor with moderate D, puffing in PFR or ISP region
v Peak OSP heat flux reduced by 2-5
v Good core confinement (1.6 H89P), H-mode
v' Outer SOL in high recycling regime
v’ X-point MARFE eventually forms as well
v' Promising scenario for future experiment
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Publications and collaborations

e Publications
- Oral talk in NSTX session at APS 2005
- PSI-17 poster
- Two JNM papers (2005, 2007)
- |AEA FEC 2006 individual poster and paper
- Paper to be submitted to NF (01/2007)

o Collaboration potential
- Discussed possible collaboration with DII-D (through LLNL
program)
- Discussed collaboration with J. Myra (Lodestar)
- Possible collaboration with MAST

wivngé:%oﬁt R skii, XP 708 Review, 8 February 2007
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UEDGE modeling guided detachment experiments

* Model divertor conditions vs P, 810"

Nedge with UEDGE to guide

experiment — 610" |
* Generic low x,0 LSN equilibrium ‘g |

used . 4107 detach in ;
e Diffusive transport model 5° attach out o
| iti b included —o 210° | ©---"~

mpurifies (carbon) include - PYTvTr—

e Quter midplane n,, T, profiles f
matched, D, and IRTV not 0 L
matched o 1 2 3 4 5 6 7

P MW
4 G. Porter, N. Wolf ower MW]

Parallel momentum and power balance:

d
g(mww2 +pi + pe) = —mi(v; — vp)Si—n + MmivSk
d dT’ H 1
5/2 € = _ T g2 _
ds(( kT - )—I—nv||(2(Tz-|—Te)—|—2m,,/v||—l—lo))—SE
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Large momentum and power losses are needed for

divertor detachment according to 2PM-L

* Two point model with losses
e fp. fry scanned, f.,,4=0.9
*n,. g, L. from experiment

(1 = frower) q = @t = v Ty ¢ cs¢

2 4% Tt — fmom Az Tu

7 L
T,Z/z :Tt7/2—|—— fcond q|| Lc
2 Roe
2 4/7
Ft , Jmom fcond
1 — fpower
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Why is it difficult to obtain OSP detachment?
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1e Connection length decreases to very

short values within radial distance of
1-3 cm (both midplane to plate and
X-point to plate)

i » SOL temperature 10-40 eV (rather low)
| * Weak dT./ds, in high-recycling outer SOL

e Carbon coolingrate maxatT, <10 eV

e Recombination time:
Toe = 1./(NgRe) ~1-10ms at T, =1.3 eV
lon divertor residence time:
Top = Lg/Vign ~ 0.8 Mms (with v, , ~ 104 m/s)

1on

o Open divertor geometry - high

detachment threshold is expected

3 o Neutral compression ratio is 5-10 (low)

ovskii, XP 708 Review, 8 February 2007 TV
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Observed midplane and PFR pressure trends are

due to open divertor geometry

 In reference discharges, n,
independent of P,
linear function of Py

but a strong

o X-point MARFE crifical PFR pressure

is 0.5-0.6 mTorr

» Reference discharges never reach

PFR critical pressure

* PDD discharges reach MARFE onset

PFR pressure faster than RD
discharges

. Pmp similar in ref. and RD discharges

* P.p Nigher in PDD discharges
(stronger gas puffing)

University of California
'! Lawrence Livermore
National Laboratory
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NSTX Gas system

=18 x
=101 %]

9 RSYiew32 Works 5K

F= GAS DELIYERY - Display

TVPS RGR GIS SHUTTER SHUTTER TIV GROUND LITER1
NSTX GAS DELIVERY SYSTEM | soumec | | svusmne || ®° || covmsor || eme s | | onme s || oo || rmrm. || comens. | L 73L /06
12:16:43
RGA AV12 BAY K BAY J BAY J BAY K GLOBAL INJECTOR4 --- v
TOP MID LOWER | VRLVE DREIVER | MID UPPER BRANCH5 LDGIS  CSTKMID CSTKSHDR /
BRH PERHISIVE ; PENNING 161 162 phenp |
ERY TOGGLE I \ | OFF \
| AV105 AV109 AV113 AV127 || AV127A
X [omemes| [openea | |z ]
[ce] Av106 ce] AV110
‘[: — ==, PE106 T
Fill
P caesea| FARS (| [ 12 7]
2.8KT 0.000°T (i
sict .
PE101 PE102 ‘“"107' LDGIS /CSTK N P
1618.T 1639. T Cﬂ;l;;ﬂL T Gamge
2.5KT 2.5KT - pE111 [BEE| G110 [om]
LA . LAILY L Av124 000 v §l 1.20E-7
Fill i - ;
= A v G e Pemning  Micro Ion
[ce] [ce] PEI0S 47
Fill Valve INJEC INJECTOR #2 INJECTQJR #4 @ N2 Gas
Operation BAYK [TOP BAYJ LOWER LOWER DOME MPO5
Hanual | AV117 | AV30
e o7 o ) | ) A B
pq | ) 7 VENT
GOC TIME ) Injection Mode Real Time Plasma cop PURGE BYPASS
Remaining Yalve Driver Arm Timed/Steady Control Permissive
- MIN - NOT VALID NOT IN USE | T -10
Fit AMIENTS AND Filament Filament Bias Voltage HB TIV

i | __ Clear | Clearal
. EﬂStBl‘tlH & 4 v;lﬁiRSView&" S 1agserver | &JHOME - C... | Document...l &JComcast ... | %Jdmastrovit...l [E]imaging | ]g‘g:& el BH  12:16 PM
Lunivf;i\:vy:érc\zgoﬁav G ovskii, XP 708 Review, 8 February 2007 /\/ ST X=
National Laboratory 14 of 6




NSTX Lower Dome and Branch 5 gas system
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