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Improvements in plasma performance with pellet injection have been achieved
in several tokamaks in recent experiments. On the Impurity Study Experiment
(ISX-B), ar increase in plasma energy by as much as 50 percent, has been observed
following pellet injection. With 1.5-m pellets, the value for t* , the gross energy
confinement time determined from Pequil, has peaked at 1.7 times ISX-B sraling for

ne = 6 X 1013 cm-3 in both well-gettered and ungettered discharges. Following the
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peak, in the well-gettered shots "C-‘: decays to 1.2 times ISX-B scaling within 50 ms
after pellet injection. In the ungettered discharges ‘CZ follows the Z-mode scaling
that is appropriate to the pla;ma conditions (P, = 1.7 MW, Ip = 180 kA). Thus,
pellet injection in ISX-B shows energy confinement better th~n that for gas puffing

in clean discharges and matches the Z-mode improvement obtained in ungettered

discharges. Confinement improvement following pellet injecticn has also been
achieved in smaller (op = 20 cm) plasmas with 1.0 mm diameter pellets.

Comparisons of pellet shots which do show this improvement against pellet shots

which do not show it are presenteé.

* Research sponsored by the Offic. of Fusion Energy, U.S. Department of Energy
under Contract No. DE-AC05-840R.1400 with Martin Marietta Energy Systems, Inc.
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IMPROVED PERFORMANCE (P-MODE) OBSERVED
FOLLOWING INJECTION OF:

e Large (1.5 mm diam.) H2 pellets into geftered and
ungettered I1SX-B standard plasmas

(ap =25 cm, Ip = 180 kA, PB = 0.8-1.7 MW)

® Small (1.0 mm diam.) pellets into smaller ISX-B plasmas
(ap =20 cm, Ip=120kA, Pp=08MW)
Mot on all shots with peliets on a given day, however

Small (1.0 mm diam.) pellets into standard discharges
at low beam power (few shots)

-

SIMILARITIES BETWEEN P-MODE AND:

® Z-mode (global confinement scales with density in
ungettered plasmas)

R-mode (transition from ISX-B scaling to 1.8 x ISX-B
scaling by !-qnning small plasma at larger R)

-
s

“P-MODE” IS DISTINCT FROM THESE
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GENERAL FEATURES OF “P-MODE SHOTS

Secondary density maximum with time on FIR (all
chords) following pellet injection (the density
increment “sticks”); drop in Hy near principle limiter
(inner rail or top mushroom)

Change in plasma MHD from sawteeth or bursts of
m = 1 oscillations before pellet to continucus
(large scale m = 1 oscillations) 20 -30 ms after pellet

Increase in Bequﬂ and Bdiamagneﬁc

Apparent current profile transient (changes in internal

inductance, position, V;,,,; abrupt termination of
pre-petllet MHD)

DDS
1985



POOR GETTERING

8 20E+13[ | 4.00
-573:ne-FIR 93 s -BP9:VLOOP RES.
cm”™ -3 TR VOLTS
S .99E+13a 250 I h':i:;”#»_ 1.228 250
g . s
R Y T 0.00
600 .20 400 .00
617 :MHD AMPL. 616 :PIN MON.
MV/PP
100.756 258 | _ 71.006 250
-200 .00k -~ c- bt s aess10.00
1000 .00 g |6 .02E+29 .
612 :RADIOMETER R A -1@1:NEUTRON =1
KL AN SEC-1
637.188 20 1. 2.24E+0% 250
‘ ] i
0.0\ e L 0.00
2.00 _ g7y T |1.00
-S@2:betai Shaf s~ :, : -59@:betai-perp
\ JI\“",I
1.300 250 § |7 1 | 8.868 250
| /'7'\" MRz i
.000\ L. torarrer Y77 777474, . |0.00
3.@@”:__ ! T T NP Y ‘rl I‘ 2.00
-S@1:shif t-calc ? 0\ ,:U#‘“~_»“y ! -S94:li-infr’d
cm ) v, g
B.468 250 I |' ’ I 1.82a 250
1 i
seeld Ll 1100
3.00e+130 1.00E+13
-S76:ne-FIR 116 641:H-alpha 14
£ c©m"-3 phils
2.42E+138 250 ' 2.96c+126 250
.00 ST A .. 10.00
@ 100 200 490

time (ms)



8.PPE+13
-S73:ne-FIR 93
cm™-3
6£.95E+138 252

92.00

300.00
616:PIN MON.

WELL-GETTERED

..................

4.00
-602S:VLOOP RES.
VOLTS

1.37e 250

0.0

166.208 258

0.02] .

A
Lk A

LAY

600 .00

617:MHD AMPL.,
Mv/PP
61.108 250

20 -

Q

600 .60
612 :RADIOMETER
KW

206 .828 259

.00},

2.00E+@3

-101:NEUTRON =1
SEC-1
3.77E+08& 258

90 .00

1.20f;

-S@2:betai Shaf
1.928 250

.09},

@.80
-SSBbetai-perp

B.S78 250
?.92

4.00
-SB1i:shift-calc

cm
2.058 250

I
-2.000 N~

.......

2.5
-S94:li-infr'd

1.926 250
.52

nnnnnnnnn

LLLLLLLLL

3.80E+13
-576:ne-FIR 116
. cm™—3
2.23E+138 250

S.BIE+12
B641:H-alpha 14
pht/s
1.92E+12e 250

Ltime (ms)

0.080



Y

" L IR0

e

Te {keV)

Te (keV)

14  — 1
_— e SHOT 60879
R= 101cm
12 L t= 250 ms _
- SHOT 60876
R= 101cm
1.0 t- 230 ms -
(tpeiier - 6 msl
0.8 %_ _%\ -
0.6 - é_ % -
04 I E -
0.2 -
0 i A | 1
-5 0 5 10 15 20
z {cm)
1.4 I T N S
— e SHOT 60623
R=96 cm
1.2 - t=238 ms _]
—_— e SHOT 60622
1.0 - R=96cm
- t=238 ms I
{NO PELLET)
0.8 §___ -
___%\{\
- \
0.6 \§ -
\
0.4 \g _
W-_.—Q.ﬂ'q
0.2 |- 5 -
0 | i i i
-5 ] 5 10 15 20
z {cm)

Ng {x 1013 cm'a)

Ng (x 103 em-3)

ORNL-DWG B5C-3508 FED

14 F

12

10 -

i | 1 i =1
. T VCETED FI@ DAH’A

10
z (em)

ORNL-DWG B5C-3508 FED

16 |-

14 -

I | | 1

z {cm)



T, (keV)

1.6

1.0

0.5

ORNL-DWG 85C-3504 FED

l | T OI!
O o PELLET

| 5 o
| 0000080 , ® _
6©°C o®
© )
o - ]
i o 0 CHARGE |
O
©0~0 EXCHANGE
e NEUTRONS

| l | |

0.06 0.10 0.15 0.20 0.25 0.30

TIME (s)

Ulvderreuo Se.n vence

N



; 3
(-2 |
B°0 NYl hml<Eo"®wm| ) €6 oIJ-8U

ET
8 L g S ., € 2
L1 11 T T S S L1 1 R 7' 0
S'¢
RS
| \\.\N\Tf mmww”\. RN
. B°T o
#IA X' i
s 00 - m-.ﬁ
RLEAYS S u‘\\.ﬁ\. m.\w PR . |
1 )
ssz=F )
_ 2z

@ :NYL T :luldd
Oop 244791V /) C GRS XSI#*3Y /%315
¥8/¢ /€ 0,809 LOHS TEE Ol TEC WOdH>

~ W,

\bu_zm:n.u%lm



Nge oA
2'0 ngmp.mm;<smwmmm- ) €6 dI4-ou U

L g S b 9 2
| | | | 1 | | | | | i | 1 | | 1 1 | | | | | ) @.@
30
ge2 =f |
_ FoL ~
%,
EVTEAN
Q\\\\\ll\ﬂ‘&\l\.: © aa,ld
B e A 4 A
v e m\hq%w ”
. dzn3nd -3¢V 2 “ St
L—" _T
os52=¥
22

2°0 :ngl T :ld1730
S¥2S d0o2PE) \esezsz £2909 LOHS TEE 0L TEZ WOdL




ORNL-DWG 85-3595 Fgp
POOR GETTERING
PRE-PELLET POST-PELLET

T ! ! ! l il ’q"‘TLly‘l o i 1"., !
. it ,b,J.,.mNYL Lmd. ‘}H-"’-‘z.'
'I:'mn_rr ot I;r Lmnrj'mwrl-a-\rrf _l ﬂ)_L*‘j_LI_J

W upnh, 7]
v, angrrin il | [ s, |

JU
— tp=1.36 ms
[T O6tm 1 P - 18a28
p
mkj )\V‘*w'\mu_mf\ﬁf“'m-v"v‘*i .,J’A W"‘”‘W\-wm‘*“w
] — 18A27

. ‘ ~ 4 ' MWMW
"'\*v‘.d},\,ﬁ-l-.,» MJ_,’WN.-‘P\‘/ u s - 48A26

A
N 18A29

S

iy,
L\T"'WL.‘IL-‘VL';_,KJ; 2 —*ﬁ*-fﬁﬁ'.v;f*‘.*mm /JJ
" ] W

. “

18A25

M ‘\A’, - 1“- arh, A ‘\fr,h\-\..ﬁ“f‘- IRV LYY W “’Wﬁ‘%‘,wmt
jp AR YV

S A TN, v
VAN -

' \\\ ] :.-m’“"" MWW BT

B - {8A22
e L\_NW e A wﬁﬂmummm

.1 18A24
AR

] .Mﬁqulfﬁﬁmfmy:l!fﬂf 'A

w;mwmfémﬂ
— {8A18

18A24

18A23

18A20

{8A{19

- [
E R WY TR g e e
1 ! | | ,

! HALPH
217 221 225 247 2514 . 255

/L/MT Pose FPeopacation /SX-‘Q A/m,qv)



L4 Ith

WELL-GETTERED

PRE -PELLET

LS 1)

ORNL-DWG 85-3596 FED

POST-PELLET

AT

NS

T I | I | R
f\fl\"ii t-f..?.rh
ffzf.(f. |

{filhwwwmw ms

[

e ——
3

L ! L ! ! |

i T T L Ty
- {BA29

ty=1.27 ms _ =] 18A28
| — {8A27
~{ 18A26
- 18A25

- 18A24

-1 18A23

-1 18A22
-1 18A21

-1 18420

" ) — 18A19

.L,mkm

LTI )

223 226 229 232
TIME (ms)

244 247 250
TIME (ms)



..82033%% Cop p2.129 z\w

(w2)sn1avy
0ozt 0’011 0’001 o._wm 0°08
s
™
=
-9 W
=
<
Lo
SWwSEZ ~ ::&R “ °3
" 0422311 0/809:L0HS = + R 53,
v 0SZ:3WIL 0/808:10HS = v " D
+ 972:ANIL 0/809:I0HS = o "
s 052 :IWIL 0/809:10HS = © | .
[ew)

N2 371404

AN



TRIGGERING P-MODE BEHAVIOR
DEPENDS UPON:

® Pellet Penetration (Compare 2-Shots into
Gettered Plasma at Different Pp)

® Pre-Pellet Plasma g-Profile (Sequence of

One and Two Pellet Shots into Ungettered
Small Plasma)

P
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SERIES OF SHOTS WITH 1 OR 2 PELLETS;
SMALL PLASMA; NO GETTERING

® Single-Pellet Shots:
3 P-Mode
5 “L”Mode
(no change in "lf;f ,density scaling of
%)

0 Prompt Disruptions

-~

® Two-Fellet Shots:
5 P-Mode
o “L” Modei

2 Prompt Disruptions

DDS
1983



-101:NEUTRON =1
SEC-1
1.25E+09R 240

¥ . Wy -
P SHOT £2207==== 4/ 3/84 39:23 L SHOT 62197 ===4/ 3/B4 1B:45>
4.00E+13 “.00E+13
~574:ne~-FIR 101 S S74:ne-FIR
cm”™-3 7T ~ cm~~3
3.SPE+136 240 P Vo 2.66E+13a 248
.00 - L NG .20
202.00 309.02
617:MHD AMPL . 617:MHD AMPL.
MV/PP MV/Pp
195.6568 240 " 42.25a 240
L] ' t
-100.00 f ;l\l_\l‘}/ ‘_ RN . ‘JB .00
1.SPE+@3 1.S0E+2S

-1R1:NEUTRON =1
SeC-1
6.313E+2Ba 240

\
,LL,JQ.BD

S00 .00
- 612 :RADIOMETER

304 348 240
7.092

2.0
-S@2:betai Shaf

1.518 240
1. 0.00

1.10
-590: beta;—perp

©.83s 240
-0.18

2.80
«f -S94:li-infr’'g

2.1%e 240
.80

[S]

2.00
SO0 .00]
612: RHDIDHETER
360. 70 240
2.20|N——
2.00
~-SP2:petai Shaf
1.968 240
e.00)\,___]
1.20
-S98:betai-perp
©.938 240
-8.20),
3.00
-S94:1i-infr‘d
2.928 240
1.00(t
2.00
-689:VLOOP RES.
vOLTS
-1.328 248 .
]
-3.00 .j”q

-

.00

-603:VLOOP RES.
VOLTS
-1.368 240

.1 3-3.80

(5]

100 1S58 200
time (ms)

258 320



70/

S°0

/"
Nﬁaﬁx

B0

S'0

BT

.Nﬁﬁﬁx

(SW) JWIL

BoC

AT

K AN

, Y Ava
V

Yo4/0:7
My

(S/34d:@.9

) 1T eydie-H

[ ] -N -Q ..olw
ol aacuk

‘Vvpr ]

( E-Wo:556- 1)

LA N

au

---06129 1OHS 7

m&m 23 zqu mmomn_z

\~

(TN}

e
B0 ] _ _ 7|
S* 0 |2 l
ot ¢ (E-LWO: 9 Jr4-8u ¢
LS~ ) d < OTX
&l & & 1 { | 1 l | 1 1 1 &
. R . )
S°0 < = c
2T b _ b
(E-LUWOipLs ) JI4-8u
mﬁQﬁx
— L8229 LOHS 4
o
-~/ </




_ (s7) 3WIL .
Gi66 L9986 8ive 0LI6 G666 20.6 8Gv6 0) FAS)
— G0
— - | —{0}
wd ¢€'02=8 wo G'6h=Q
(q) (o)
_ | | | o
Q34 G992-68 9MQA ~INHO 'N
n’n

d

& 0

NOISSINI PH 137713d



e

ORNL-DWG 85-3503  FED
2.0 | I | I ]
—rpeLterdL) ¢
18— --=NO PELLET o=’ =
. - .—"—o-" |
EQ"“ 1-6 = 7\J ms 's,‘.b‘ ‘er ——
= ;’ -\n ,J"
14+4:=205ms “L_o——" —
12 { | | i1 |
2.0 e
(b) I =230 ms I “ r —————
" 2 P
O 12270 ms f‘ -’ -
S 16—
14 1205 ms =T
L /
12 | _S_, |
2.0
() l
1.8
1.6 +—
o t=205 ms
‘@ \ W
1.4 —__é - _
t=21 ms;‘" “‘ ~
1.2 1— —
1.0 ‘

50

LI



® P-Mode pushes confinement boundary to
1.7-2.0 times ISX-B scaling at densities
ranging from 4 X 1013 cc! to 6X 1013 cel

® Some shots “disrupt at this limit
(t pellet + 15 ms) although density is well
below disruption limit for gas-fueled
discharges
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The empirical confinemenl scaling ..
implies:
MYy 1 (b
X @0 7% Byl

oln the Z-mode, confinement time 1s
increased by up to x1.8, but
A<ﬁ>qw/n-values are no higher.
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CONCLUSIONS

® P-mode observed
¥
e Increased Tp, T;f

© Distinct from Z-mode (not density scaling;
seen in gettered discharges)

@ Distinct from R-mg_de (occurs for shots run at
! R=94 and R=98; Tp increase exceeds R-mode values)

e Onset depends upon interaction of pellet with plasma
qg-profile

Longer i peak foOr heat pulse propagation suggesis
reduced XE' -

® Termination is abrupt at 1.7-2.0 X ISX-B scaling; observe

onset of m=1 driven MHD activity and increase in high
frequency MHD (f > 150 kHz)

P-mode, Z-mode, and R-mode have much in common

® Same energy confinement boundary

o All show large changes in plasma particle balance
(e increases with added neon, required gas puff rate

lower by 5x atlarge R, improved T;f following pellet
injection)



