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Ssummary. 4 System function with respect to perturbations |
* Global balance for SSTO (up to 820 sec) in full-metal tokamak shows R~0.8. F(t)= f Fo(e)n(t—7)dz, Spoe(f)=H(F)S,0(f)  (3)

* Independent tool developed to measure retention flux distribution. out
* Response function introduced to predict retention behavior for certain perturbations. S = S 10 === R

. i i ] i ) ) ] x10 Conditional averaging model output 5
 Transition from high recycling to low recycling in SSTO Is observed. Dynamic # Is AP,,,(Pa) 5\ AP,(au.) .
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required to predict uncontrollable release. . — fgas=25 mHz 2 0 X — Ny . D
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Motivation and goals. 10" APy (Pa)  fE100mHZ & 064 1\ % i B —— Tyu,=100 mHZ
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Understanding of H retention In steady state tokamak operation (SSTO) in the fusion devices Is inevitably B : . - 5:
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required. There are a few knowledge about retenition for the long time scale. In AUG with tungsten PFM wall
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saturation is observed for 1 sec, only a few % of Q,(t) is retained after reaching steady state conditions. How || »F ;1;,'17 P T time(sec) - AT pgp(a.u.) i
does this condition hold in a long pulse discharge? . _ ] n for P, Py, and dep 5k g
Goals: Y S .. : . l 1 ;
1. To measure or infer Q.(t) and Q,(t) by independent methods and understand their || 0 o) 40 0 : n%(e)(s) 40
behaviors in the long time scale. _ | | _ Conditional-averaged time evolutions Output signals using response
2. To develop approach to understand the particle circulation response to transient || of (a) 4P,,,(Pa), (b) 4P, (Pa) and (c) K functions;(a) AP..,, (b) 4 P,,. and (c)
. ) 1 e
perturbations. ATy, (Ho/m?/s) at various f . L =7 AT, atvarious f .
New methods. . L
* New tool for direct retention flux measurements was introduced: permeation probes. With the help of TMAP7 Response function nis derived for ECRDC.
[1] the permeated curves are reproduced, and thus the retention flux, which relates closely to g, is deduced. Particle circulation in ECRDC plasma 1S well understood by stationary n.
Typical values of coefficients: D = (2.9+0.2) X10° m?s%, k, = (1.3£0.5) X 1033 m*s?, k, = (7.0£0.4) X 10 _ : _ . — :
34 mdgL. u ; Hp = eXP(-t/zy); mye = texp(-t/2zy); Hpdp — t=exp(-t/3zy);
« Perturbation method is introduced to distinguish release and retention. Response function for different -7
perturbations could be determined for discharges with well controlled R and applied to SSTO. g
Experimental Set-Up.
0 QMA
: > R—135m _ _ Vessel materials: SUS316, ~30% of PFCs — tungsten.
Dig‘:ﬁ'{,‘fate & ' Major radius: 0.68 m  pjezo-electric valves are used to inject H, with adjustable
~ Minor radius: 0.4 m height and frequency of f. The EC system consists of
: : -“é —%: Vessel volume: 13.5 m3 E(igooiﬁs\lll)y o]E)podsite twlo 8.2 GHzR klystc;ozngs S)_/sterpfs
|| & _ > - 2 at fundamental resonance R;,, = 0.29 m in off-
l_ ?T w2 o = _IT_FCSf%fSS (e: 3om axis heating scenario. For ECR discharge cleaning
Y = = ]2 wall (ECRDC) a plasma is sustained by 2.45 GHz ECWs and
= ) e - S Tpump — 2 SEC the resonance layer is swept at the frequency fpy, by
= Bottom Side - i S i i i
Divertor plate| | | O varying the toroidal field B..
Z=-1.0m U
Cryo-pumps n
. - | OMA He:24675(10-50)
Global gas balance in long pulse discharges. 1 3 P 23
: . Fy=3.3mHz: -3 f F e 10 F .~ i
N(t) - number of H atoms at the time t, i -:’Y;;ai;a;;n;a;;ai;;irw;a.aa;;- C)  — hiR-036m
N (t) — N (O) — ‘([ Spumpp(t)dt + ans (t) + Qout (t) _Qret (t) + Qrel (t) o N pl (t) (1) Npl(t) . plasma inventOI’y, 20 100 200 300 B ) " EEiE?RE::FEm; r
dP P Spump IS the pumping speed, time(s) ; 1(]_3 - e x
T + qgas (t)+ qth (t’TwaII )_ Qret (t’ 1_‘H ’rinc)-l_ qrel (t’ 1_‘H ’rinc) (2) anS(t) - number of H atoms pUﬁed L, . . ﬂ- - —
dt  Toump Q,ui(t) — outgassed number of H atoms, Frequency response function H,y, to H, puff in 7 s
vacuum. Arrows indicate f,¢ and fp,. Minima for 2 10 | 7
- | | | | | f>f . in H(f) correspond to hamonics of f . (b) S [ [
08 ECRDC —— 26933 R——26935R | A The amplitude of A7, at fow grows with gtime 10 T e o
— - A9 R===0606R constant of 3.3 mHz, which causes non-stationary 0.1 fd—lz) 1
fpump - PUTIPING tITe Constant, Gt = o/t g 04 \ w/o plasma —27uRr | particle circulation.
I, — incident ion flux, I', — neutral hydrogen flux St | Auto power spectra (a) S, (b) Si,.and S
Q) H2, He Is
[ gp— ted H fl dP,, Py, \‘ - - - are plotted. f .. and f ; are 333mHz and
Fi):tp— rziglrt?gneﬂux dleJ;(ived from PDP dep:[ dt +Tpump}/Apdp § gg s Simultaneous Change In PWI region and i e ;

. ) _ 500mHz, respectively. S, at R=0.36,
s LD puff duration In ECRDC and SSTO 0.8mand the side wall are shown.

|

| 1P localized position of Interaction could be
* No retention w/o plasma —2813R
| | 27506R understood.
* Low retention (R~0.2) InECRDC Aol . T~ .\
* High retention (R ~0.8) in SSTO . .
1.5 2.0 -, = - - .
ransition from HR to LR and their statistical feature.
Effect of the retention flux and FB level of recycling on R(t). o I B I S
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= 2_' 2 \ ~ 10 . T+ G t=464s = 0.1+ — 340<t<875 s| _
- 1 , | | | | | . 2 R 1 m = - 'L KD . = E
r o fRC | ! | ¥ ¢ oSt .. € = L =0 -n 4 ;l\ 1 X :
SURRL s — ' 2 = "ld =, T A : ! j
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785 aﬂ:;oHe zE(;o< Osoot @™ WO 47396 gso  1(5) — 30 b) A 27395 | T1Ime dependent probability function
't B L] ‘ 1 dertved from several SSTO.
o 10[——Q _PDP4 220r ~noputi—| Evolution of this function in time
* SSTOlsachieved for820sec. ¢ s——q PpP6 210k S | indicates transaction from wall
« Spatial distribution of F. Is =T ¢f—Q, PDP7T e | i : -
derived from PDP. °'4' 0.*""“:#||T pumpmgtowallfuellng. ired
+ Q,, derived from PDP compared 2} - 0 200 400 600 Dynamic g Is  require to
with global balance. ool - discharge time (sec) understand response.
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[1] G. R. Longhurst J. Ambrosek, Idaho National Laboratory, report INEEL/EXT-04-01657




