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Introduction

= Radiating Divertor Approach for Reducing Divertor Heat Flux

— Seed impurities are injected into the private flux region

— Upstream gas puffing and particle pumping at the divertor targets
— Enhanced deuterium flow into the divertor
— More difficult for impurities to escape the divertor

— Result: More uniform dispersal of incident power in divertor + mantle

= Best Result (so far) for Single-null Plasmas

— lon BxVB drift is directed away from the X-point
— 60-65% reduction in the peak heat flux at the OSP
— ne/neG = 065, PRAD/P“\I = 065, H89P = 2, leff = 2.1

= Earlier experimentsl.2 on DIII-D have suggested that

successful radiating divertor operation might be sensitive to
— lon BxVB drift direction

— Divertor closure

— Magnetic balance, e.g., Single-null vs Double-null

1 M. Wade, et al., Nucl. Fusion 38 (1998) 1839
2 1. Petrie, et al., Nucl. Mater. 363-365 (2007)416
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DIlI-D Geometry is Well-Svited for Puff-and-Pump

Experiments with High-6 Plasma Shapes Near Double-Null

Experimental arrangement

— The upper divertor is more “closed” than
the lower divertor
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DIlI-D Geometry is Well-Suited for Puff-and-Pump

Experiments with High-6 Plasma Shapes Near Double-Null

Upper Outer .
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— Three cryopumps are independently controlled
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DIlII-D Geometry is Well-Suited for Puff-and-Pump

Experiments with High-o Plasma Shapes Near Double-Null

Experimental arrangement

— The upper divertor is more “closed” than
the lower divertor

Upper Outer

— Three cryopumps are independently controlled

— The seed impurity (argon) can be injected into
the private flux regions of either divertor

— Argon pressure measurements are made
in the upper outer plenum

— |dRsep | < 1.5 cm for all shots in this study

*“SN” - |JdRsep|=1cm
*“DN” — dRsep =0

dRsep = R ow - Ryp

Shelf
Extension

Lower Outer
Cryo-Pump

b

)*dRsep

dRsep = +0.9 cm
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Pedestal Density is Correlated More to lon BxVB Dirrift

Direction Than to Differences in DIlI-D Divertior Geomeiry
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e To match exhaust characteristics,
only the outer pump in the
dominant divertor is activated

» Significant difference in pedestal
density between BxVB cases
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Pedestal Density is Correlated More to lon BxVB Dirrift

Direction Than to Differences in DIlI-D Divertior Geomeiry

é\r\:v)amy Towqrd
X-point X-point
T BxVB ¢ ¢ BxVB T

0.8 129659 129639 129641 129656

_ * To match exhaust characteristics,
07| Npgp (1020 m3) only the outer pump in the
dominant divertor is activated

0.6

051  Significant difference in pedestal
" SN TR T density between BxVB cases

0.3 away from e This result is consistent with

Xpr previous work highlighting
the possible role of particle
drifts in plasma fueling*, although

I R e e e S other factors are also likely
0.0 1.0 2.0 3.0 4.0 5.0 in plqy

0.2

0.1

[p, = 9.3 Pamds

*M. Groth, et al., J. Nucl. Mater 290-293 (2005) 452
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Argon Accumulation Inside “SN” Plasmas and Argon Pumping

in the Divertor was Sensitive to the lon BxVB Drift Direction

126894 125850
| T2 (Pam3s) * Same I'p, and I' injection

_ K rates for each case
0Ll N N o Tarx50| . | |

27

* Divertor radiated power
— Partial detachment
of inner divertor leg for BxVB1
— BxVB| attached at all fimes

dRsep=+1.2cm
lp=1.2 MA
Br=18T

Py =6 MW
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Argon Accumulation Inside “SN” Plasmas and Argon Pumping

in the Divertor was Sensitive to the lon BxVB Drift Direction

126894 125850
| T2 (Pam3s) * Same I'p, and I' injection
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* Divertor radiated power
— Partial detachment
of inner divertor leg for BxVB1
— BxVB| attached at all fimes

* ~3x argon in core for BxVB/

dRsep =+1.2cm

lp=1.2MA 04 _ * Arremoval fraction
Br=18T : ~ LP-AR = 0,85 for BxVB)
P|N =6 MW 0 0_ T AR
By =2 70 1000 2000 3000 4000 5000 6000 — —F-AR =0.35 for BxVB!
T Time (ms) AR
£ .17
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Argon Accumulation Inside “SN” Plasmas and Argon Pumping

in the Divertor was Sensitive to the lon BxVB Drift Direction
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= Reconciles 1998 and 2005 experiments

M. Wade, et al., Nucl. Fusion 38 (1998) 1839
T. Petrie, et al., J. Nucl. Mater. 363-365 (2007) 416
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Particle Drifts Play a Critical Role in Predictions

of Radiative Divertor Performance

D, : UEDGE Modeling

* Recyclingis 14—
pronounced along -
the outer divertor 1.2 lon VB
structure E |
N N
1.0\

e Recyclingis strong 14—+
in the inner divertor |

UEDGE Modeling E

- H-mode AR
— Particle drifts
— Finite dRsep
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Particle Drifts Play a Critical Role in Predictions

of Radiative Divertor Performance

 Drifts push ions to
outer divertor and
then inner target is
little affected

 Drifts push ions
to inner divertor
which can detach
with only “modest”
argon injection
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Particle Drifts Play a Critical Role in Predictions

of Radiative Divertor Performance

* Drifts push ions to
outer divertor and
then inner target is
little affected

Argon injected
into divertor
follows Dg, pattern

 Drifts push ions
to inner divertor
which can detach
with only “modest”
argon injection
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Measureable Increases in Radiated Power Were Observed

First in the Divertor OPPOSITE the B x VB Direction in DN
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Measureable Increases in Radiated Power Were Observed

First in the Divertor OPPOSITE the B x VB Direction in DN
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Measureable Increases in Radiated Power Were Observed

First In the Divertor OPPOSITE the B x VB Direction in DN
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Significant Reductions in Argon Density in the Main

Plasma was Observed Near dRsep = 0.4 cm

I'ag = 0.06 Pam¥s, I'py = 13.3 Pa m¥s
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Significant Reductions in Argon Density in the Main

Plasma was Observed Near dRsep = 0.4 cm

I'ar = 0.06 Pam¥s, I'pp = 13.3 Pa m¥s
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0.3 * npagr and npgp roughly
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Significant Reductions in Argon Density in the Main

Plasma was Observed Near dRsep = 0.4 cm

I'ag = 0.06 Pam¥s, I'py = 13.3 Pa m¥s
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Conclusions

 Experiments show that effective control of impurity inventory requires
unbalanced double-null with ion VB drift out of dominant divertor

— result independent of physical divertor geometry in DIII-D

e Breakthrough in fluid modeling with drifts qualitatively explains this
result by the ExB drift pattern in the divertor
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The Rate at Which Argon Accumulates in the Core

Depends of BxVB Direction and Magnetic Balance

Ar = upper divertor

 Argon accumulated faster in the core
SN = dRsep=1.2cm J

30 of SNs when the BxVB direction was
toward the divertor with the
argon source
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The Rate at Which Argon Accumulates in the Core

Depends of BxVB Direction and Magnetic Balance

Ar = upper divertor

 Argon accumulated faster in the core
SN = dRsep=1.2cm J
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SN’ VV T ;
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The DN H-Mode Plasma Had About Twice the Argon Accumulation in

the Main Plasma as the SN, When npep, T, and PRap Were Matched

131829 131837

2.0
16
{Tp, (Pa m3/s) i SUREREEE
| I'p2 (SN) > I'pz (DN)
s [ for matched plasmas
4.0
| MaRr (DN)=2npg (SN)
6000

Time (ms)

Npgp = 0.57x1020m=3
Hgop = 2.0

Prap = 2.5 MW
By=20

Pjy = 5.8 MW

'R = 0.06 Pa m3/s
dRsep=0,+1.2cm
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The DN H-Mode Plasma Had About Twice the Argon Accumulation in

the Main Plasma as the SN, When npep, T, and PRap Were Matched

131829 131837

I'pa (SN) > I'pz (DN)
for matched plasmas

| MaRr (DN)=2npg (SN)

------

Time (ms)
Npgp = 0.57x1020m™3 “Advantages” in SN:
Hoop = 2.0
89P e Greater D-flow on the HFS for “SN”
Prap = 2.5 MW
By =20 < Narrower SOL on HFS for “DN”
Piyg = 5.8 MW - More quiescent on HFS for “DN”

'R = 0.06 Pa m3/s

= advantage: “SN”
dRsep =0, +1.2cm
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Gas Puffing to Inhibit Impurity Build Up Works Best for

SNs with BxVB Away from the X-Point

e Both DN uses show a pronounced
A Upper Divert ‘ .
o [rgergon = Upper Divertor ____ / rise at high T'p,

- DN ALF«Z — Virtual detachment of upper

inner divertor leg

:—:BS\ 6 - %/ \“l" 'ID
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I .\ ',' °

DN ’
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| > ’
i SN
| BxVB| /
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Deuterium Injection Rate (Pa m3/s)

T Petrie/APS/Nov2008 368-08/TP/rs




Gas Puffing to Inhibit Impurity Build Up Works Best for

SNs with BxVB Away from the X-Point

e Both DN uses show a pronounced
rise at high I'p,

Argon = Upper Divertor
10AR14L .
. DN - — Virtual detachment of upper
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2 ; > ey
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Gas Puffing to Inhibit Impurity Build Up Works Best for

SNs with BxVB Away from the X-Point

e Both DN uses show a pronounced

Argon = Upper Divertor rise at high I'p,

I Dlll ALF -] — Virtual detachment of upper
il mn BxvBl | 7 inner divertor leg
: ) / :  SNs with BxVB toward the divertor
- e: S S / shows a less pronounced reversal
T w of nag
= g LBVBIIN / ~ ExB dirift in the private flux
: BB@M ){j‘_\\'/* region toward inner target
2r— /‘3\" ; «——1——* SNs with BxVB away from
- BEQM - divertor appears best svited in
. ['pg=0.06 Pam¥/s|. .
0 L keeping argon out of core plasma

0o 5 10 15

Deuterium Injection Rate (Pa m3/s) — EpxB driff in private fluxregion

toward the outer target
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