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Goal: Find an Optimum q Profile and j.. Configuration for

High f\, Operation

In high f\, discharges, j;s and q are nonlinearly coupled
through the g dependence on transport

e ECCD has to be used to

— Provide part of the off-axis NI current ,
. T compatible¢
— Produce a tearing stable equilibrium
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Goal: Find an Optimum q Profile and j.. Configuration for

High f,, Operation

* In high f\, discharges, j;s and q are nonlinearly coupled
through the g dependence on transport
e ECCD hasto be used to

— Provide part of the off-axis NI current ,
. T compatible¢
— Produce a tearing stable equilibrium

e Scans of q,,,,.945 With fixed jg
— Maximum fy
— Study alignment of |, and J
— Transport variation with g, Jos

 Scans of ECCD configuration with fixed q profile for stability
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A Broad EC Deposition Helps to Avoid Tearing Modes that Limit

the Duration of the Discharges

Broad vs narrow deposition With vs without broad deposition
129816, 12?826, 129828 (stable) 129816, 12'9826, 1298'28 (stable)'
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=» Experiment to investigate broad deposition location
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The Systematic Broad EC Deposition Scan Produces Both

Stable and Unstable Discharges

4000 _ “
. —~—a— }8-
 Several stable discharges na— >
— Were obtained, even with
e Qutermost depositions
e Low driven current 3000 -
v
» Unstable discharges have ~ E 2500 - VN
both 2/1 and 3/1 modes g — ]--3/1
2000 - T
* An explanation for the Y
variability of the results is the _,g 1500 -
sensitivity of the tearing —
stability when close to the 1000 4 ]--2/ 1
ideal limit e
500 r r T r
0.3 0.4 0.5 0.6 0.7

Peccop
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Resistive Stability Calculations Confirm the Sensitivity of the

Tearing Stability Close to the Ideal Limit

PEST3 BN scan wall scan
A new version of PEST3 is run on 3900 ! ' 5000 ! ‘ l
one experimental equilibrium -+-A"PEST3 |
3000 , 1 PEST3 | 4000l N
* Ideal limit approached by b
— Increasing the pressure (B,)  2900f - 5
— Moving the wall away 2000 & | 3000 | Elf'm"
1500} { 2000t 3
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Resistive Stability Calculations Confirm the Sensitivity of the

Tearing Stability Close to the Ideal Limit

PEST3 f3,, scan wall scan
A new version of PEST3 is run on 3°00— ' | 5000 : ; l
one experimental equilibrium -»-A"PEST3 :
3000y 4" PEST3 | 4000}
* Ideal limit approached by

~ Increasing the pressure () 2900
— Moving the wall away

J

2000" | g | 0o

e The classical tearing index A’ »
increases sharply at the ideal 1500;

'z
N =
2 1 2000t
B
g

stability boundary s
1000} -
* This new result is similar to | | 1000
the previous study about 500 |
the 2/1 triggered by g, 0 __ i
(external vs internal mode) |
-500 : -1000 : : —
32 34 36 0.2 0.4 0.6
By Wall distance
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With Fixed EC Deposition, Scanned q,,,,, and q,; at §,=2.8

and Maximum P,

* Goal: evaluate fg, fy, and

alignment of j;; and j with varying q

jps = f(q. By fo)

To understand how transport affects f,

2

e Equilibrium and kinetic profiles

averaged over phase of
~ constant B

* d,n~1,1.5, 2
qes; ~4.5,5.5,6.8
By=2.8 and maximum @
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The Profiles Broaden at High q,,;, and High-B

Elecltron temlperature' (keV)

0 i i i i
0 0.2 0.4 0 0.6 0.8 1

e At the maximum g,, all the
profiles broaden

* They are roughly independent of q,,;;,

The density shows the same trend
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The Profiles Broaden at High q,,,,, and High-B

Electron tem'perature'(keV) | fp — f(q , ISN) . fp A with qmin 7

- Thermal pressure:
\ peaking factor fp, ;
4t o f\=28

=

\\\\ L l -
L _- ¥ e
0 0.2 0.4 5 0.6 0.8 1 3_ —@— ]

e At the maximum g,, all the
profiles broaden

* They are roughly independent of q,,;;, 2:. A PSR P s 9.95=.4-.5.'.6.-8.:

The density shows the same trend Qnin
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The Profiles Broaden at High q,,,,, and High-B

I Electron temperature (keV) fp = f(q i ISN) . fp N with Qi 2

n f, N with g 2

1 | Thermal pressure

al s peaking factor fp ;
4 o f\=2.8 ]

m By=3.1-3.8

0 i 1 i i
0 0.2 0.4 0 0.6 0.8 1

e At the maximum g,, all the _
profiles broaden -

* They are roughly independent of q,,;;, Dbt e vl e . .9.95=.4-.5.'.6.-8.:

The density shows the same trend Qnin
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The Changes in the Profiles Impact the j;; Alignment and

the Bootistrap Fraction

20l {.\\ Bootstrap 1 70t 4595 g 5
. \ current density . 1.5
60 1 | (A/cm?) | B0 T, s o
50F [\ 1 50 ;
gotif 4\ il a0l i
: \" \\“ & ',’ "l tl
SO N 30t e '
': \\ \\\ Q : 7 il l/ l, I
A 20 [ ./
10} Mg 10}
0 Pn=2.8 . Max B,
0 0.5 1 0 0.5 1
Y Y
By P >

* jgs broadens with increasing gy
* At higher q,,;,. it looses the central peak
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The Changes in the Profiles Impact the j;; Alignment and

the Bootstrap Fraction

20k {h\ Bootstrap | 70} 4595 g 5 fBS = f(q ’ ﬁN' p) :
. \ current density 1.5 . e
60} ;:\\ l’.‘ (A/cmz) ! sot Amin g [ f BS ﬂ W“h q95 Clnd ﬁN
e fgs does not increase with qmln
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* At higher q,;,, it looses the centralpeak 15 15 124 16 18 20 22
: ) 4 16 1. : :
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Cause of the Profile Changes: Electron and lon Transport
Scale Differently with g

<—— ¢+ . decreases with increasing q,,;,

7
é

S/zl.u

s

e x: increases with increasing q,,;, and gy
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Cause of the Profile Changes: Electron and lon Transport

Scale Differently with q

<—— ¢+ . decreases with increasing q,,;,
e x: increases with increasing q,,;, and gy

Experiment - FIR density fluctuations:

Energy in the low-k, range (ITG)

increases with q,; and ., ¢/
025 T -
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Modelling: Can a Linear Code Provide Insight into the

Transport Physics of these Discharges?

TGLF resuls: T
é U Qin=1.5 .
high-ke: g " Q= 7 . hlgh-ke:
v A with . X § v N with ggs X
(% W With g in) 0.01 0.1 . ke1 10 100 (xe ~constant with gy;)

C. Holcomb UP9 00041 (Thursday PM)
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Modelling: Can a Linear Code Provide Insight into the

Transport Physics of these Discharges?

TGLF results: ; s (high-kg ) des=6.8
& | yplS [ -
high-k,: 8w high-k,:
Yy A with g, X j Y W with ggs X

o

T = > = (e ~Cconstant with Qqs)

(e N With qpn) 0.01
) (zoom) K

oo W (low-k,)
IOW'ke: ':F-“;_ Gin=13 Iow_ke:
H g Q=] .
Y A with Gy V| 5% VAT [y Swith ggs X
(x: A with G) N = 7256 N SN (x; 2 with Qs
0.01 kg 1

* The linear growth rates do not reproduce the experimental trends

Nonlinear runs are needed : test whether GYRO can
reproduce the experiment  c.Holcomb upg 00041 (Thursday PM)
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Highest f\, at Max q,s;, and the Shape of j,, Best Matches j

atq,,, 21.5

e The j position is good for stability and NI current drive
* jgs does not change significantly with q,;;,

Components of the Current Density (A/cm?) at dgg = 6.8 and max By

Amin=11 fry=079 Gmin=177 fn=0.81

EOP - ......... ....... .........

e SRR
ol ol ESnn

0.0 0.2 o'.4p 06 08 10 00 0.2 04 006 0.8 1.0
 Need additional NI current off axis — at p = 0.2 - 0.8 - off-axis beam line

_ J. Ferron UP9 00039 (Thursday PM)
,DNALls,D e et F Turco/APS/November 2010 307-10/F Tljy




Summary and Conclusions

1. With the available sources, the highest fy, is obtained at
d¢s~6.5 and the the best alignment at q,,,,2 1.5

2. An off-axis broad EC deposition is better suited for stability
and the needed CD

3. The electron and ion transport scale differently with g in the
experiment, and a linear model is not sufficient to describe
the results

4. Theoretical work confirms that the variability in the presence
of tearing modes is likely due to the proximity to the ideal
stability limit
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Components of the current den5|ty (A/cm ) at the maX|mum B,
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To Achieve f, = 1at q,; = 5, Significantly Increased J,

Located Off Axis is Required

Example case: d, =1 6,dy,= 45

120 - {/—\\ J (A/em?) |
- '« _f,=0.60, f;5=0.40
100 - \ i
30 - ,.,} N| \\Total
60 i B AN
Z N \: I
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