56 32007 3 Vol.56 No.3 March 2007
1000-3290/2007/56 03 /1452-09 ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.

HL-2A .

s
610041
2005 9 2 2005 11 29
gas puff imaging GPI . gas puffing GP
Ha . HIL-2A
GPI . GP
. . GP
CCD . HFS LFS
Ha
CCD Ha
PACC 5270 5270K
GPI TFTR
1. ASDEX Alcator C-Mod
NSTX
National Spherical torus Experiment
1 2 DII-D CID charge-injected
3 4 . 4 device
37
GP  Ha
GPI
12
HL-2A
gas puffing GP
2 Ha
Ha
e+ H, >e+2H
e+ H,—>2e+H +H
gas puff imaging GPI e+ H—>2e+ H
ITPA IDD  Intemnational e+ H, =2+ H. 1
Tokamak  Physics  Activity International — Diagnostics
Database . - FC - 2—3 eV .
* 10375020

+ E-mail zhengyj@swip. ac.cn



3 HIL-2A 1453
107"%
¢ r = n, r ngr uvos, T 3
GP n. r ng r
99.9999% . n.
10° em™? T,
Ha —— n=3 2 . b,
1071} .
o R dN/do
"’E 10—16_
1o,

E 10717k dN/dv = ¢ r T, = ng T w0, 4
107} dN/dv -
10—19 L

8-Sl
vo; =10 20 + 11 E, exp\ — T. Q:6; T.
1 1 2 3 s 1 R, n(E, 32
v, = 10 ‘ o =
2l + 11 E, - E, E,
AE AE
X exp(—T) QkG(T) 5
1 Ha ¢ e
R, E, E,
Ha AE=E,-E, 0, Qx
9
Tt‘
4 G G
AE
T; 0 (El)(&)(El)”2 6
Ty vo; o exp Tp Eo E
1
T 2 dN/dv =¢ r
. (F)E) ()
w0, - o« Ng I exp 7.\ E, NG .
.7 1o, T
107*—10"" s ;i
cP dN/dv T.
Ha . Ha
1—3 cm.
“ beam blocking " GP Ha 2

§ HO( Te n,

Ho 10 . Ha T



1454

56

.GP

5 m
lﬁ =
10%F E
10'"m-3
102 : . .
1 10 100 1000 10000
T./evV
2 Ha
10—20 eV 10—20 eV
T,
Ha n, r
10
3 Ha
no
7 Ha
Ha
T, Ha
10—20 eV 7 2
CCD Ha
CCD
2 Ha
10 eV
10 11
GPI 3
GP .CCD
.HL-2A
3 HCN
T n

GPI 1
3

7
CCD 10  UC-610

Ha

ionization gauge FIG

ph2
107* Pa—20 Pa FIG

4 ms.

4  gas .
gas
GPI
30

CCD

BMP

GP

HCN
55 5 5
8 VUV
CCD 11
GP
3
CCD

6

9

Ha

CCD

SCC-731

12

VUV

1.3m

fast



3 HL-2A 1455

CCD

500

el
250 L] 1,/100kA
000 e
000

000 V,/10V
000
500

000 B./T
500

250 r\

125 N
000
790 D e e s aaah Y
577

ph2 /10%Pa
362 A N

500

750 ‘..\ [\ / I-Ha-1/V
000 e nahi
500 A
250 I-Ha-2/V
000 -

500
750 A

e
000 \'\,_/ hoe, A\
150
075 A

000 ~J .
000

000 74 Nea/10%cm™
e-A
000 e

gas/Pa

—

P ENOL COOHPH NP FOINCSO O NND =MD = N

I-Ha-3/V

D>
N

[-Ha-4/V

¢

-250 -200 -150 -100 -50 0 50 100 150 200 250
1A 7/ ms
(a)

4]
(b
4 2987 CCD a HL-2A 1
Ip 2 V3 B, 4 gs 5 FIG ph2 6 Ha I-Hel I-
Ha-2 I-Ho-3 I-Ha-4 7 Nea - b CCD 1 93—186ms2 18.6—27.9ms3 27.9—37.2ms 4
37.2—46.5ms 5 55.8—65.1 ms. 1 ms 659 x 494 pixels 4.2 mm/pixel
CCD  UC-610 Uniq Vision 4.
110 /s 1/110—
1/62000 s . 659 x 494 HL-2A
R 165 cm a  38—45 cm
Ha
ASDEX
HL-2A 2002
.Ha I, 320 kA 1058 ms.
T . 2—9T n 4.5 x

e

10"® em™* GP e



1456 56
GPI GP I gas
gas
Ha ph2 3 GP
. FIG
4.1.
ph2
GP
4 a 2987 I,
Ip 200 ms Ha I,
250 ms GP ph2 4 3 Ha
GP 3
3.000
1. 500 I,/100kA
0. 000
2. 200
2. 100 """ . T | BuT
2.000
10. 000
0. 000 |---phosecis 4 Dyy/em
-10. 000
10. 000
0. 000 { Dy
-10. 000
0. 250
0.125 % gas/Pa
0. 000
0. 030
o me /b
0. 000
5. 000
2. 500 /M’t Tow/10eV
0. 000 LV
2. 000
1. 000 New /10 cm3
0. 000
4. 500
2. 250 Nes/10%cm3
0. 000 - - - - - : ' '
0 120 240 360 480 600 720 840 960 1080 1200
IR 7/ ms
5 3039 1 Iy 2 B, 3
Dy_, D, 4 gas 5 ph2 6
T 7 N 8 Nea. ABCDETF
6
4 b 4pb 1
9.3 ms .
9.3 ms 0—50 ms I,
CCD 4 a
4b 3 6a 2 4 b
CCD I, I,
Ha 4b 3 4



3 HL-2A 1457
Ha GP n,
Ip FIG n,.
50 Ha .
CCD 4b 5 HL-2A GP
2987 3039
4 a 200 ms Ha 5 Ip
260 kA B.2.1T 1200 ms
4., 4.5%10% em ™.
CCD

5

6 3039 CCcD a CCD
. b a 3 1 9.3 ms
1 ms
GP ABCDVEF CCD 1.
1
Aty Aty CCD

1.A 2 20

2.B 39 37

3.C 2 46 Aty gas

At,

4.D 64 65

5.E 64 65

6.F 232 233
GPI T, N,,

GP 6 3039 CCD



1458

56

CCD
GP
Ha
4.1
6b GP
LFS

HEFS
76=38 cm

16

CCD LFS

Ha

Iy

HFS

r= 1/2 x

Ha .
20ms 3

HE-2A 2003

a b
n 0 . I,
0.5%x10% em™? 4.5%x10" em™?.
n 0 HCN
3.5 cm .GP ng
4.3.
CCD .
4.1
Iy
1901 FIG
3 ms 4%x107° Pa 1.3%x 1072 Pa
90% 4 ms 7 I,
CCD
7 a FIG 17
CCD 7Db
5.
HL-2A GP
GP

. GP
CCD GP



3 HL-2A 1459
Ha . Ha GP
18 19
3 Ha
7 CCD
GPI
r Ha
CCD HL-2A
CCD
1 Milora S .. Houlberg W A Lengyel L L et al 1995 Nucl. Fusion 35 University Greifswald 2001 IPP-Peport12/1 and http //www.
657 ipp . mpg. de/ eng/for/bereiche/stellarator/ for-ber-ste-akt . html
2 Lang P T Biichl K Kaufmann M et al 1997 Phys. Rev. Lett. 79 11 John Wesson Tokamaks Clarendon press Oxford 1997
1487 12 Zheng Y] FengZ Tuo CW et al 2004 Nucl. Fusion and Plasma
3 Zweben S ] Maqueda R J Stotler D P et al 2004 Nucl. Fusion 44 Phys . 24259 in Chinene 2004
134 24 259
4 Maqueda R Wurden G 1999 Nucl . Fusion 39 629 13 Zheng Y] FengZ Tuo CW et al 2004 31th EPS conference on
5 Endler M Niedermeyer H Giannone L et al 1995 Nucl. Fusion 35 Plasma Phys. 2004ECA Vol. 28B p-5. 137 UK Londen
1307 14  Gao QD Budny RV Zhang J et al 2000 Nucl. Fusion 40 1897
6 Terry J L in Proceedings 14th International Conference on Plasma— 15  HL-2A team presented by Yong LIU “ Recent advances in the HL-
Surface Interactions in Controlled Fusion Devices  Rosenheim 2A Tokamak Experiments” 20th TAEA Fusion Energy Conference
Germany 2000 1-6 Nov. 2004 Vilamoura Portugal
7 Groth M Petrie T W Porter G D et al 2003° Investigation of main- 16 YuanBS LiuL Li FZ et al 2004 Nucl. Fusion and Plasma
chamber and divertor recycling in DII[-D using tangentially viewing Phys. 24 81 in Chinene 2004
CID cameras” 30th EPS conference on Plasma Phys. 2003 St 24 81
Petersburg Russia 17 WangM X Li B YangZ G et al 2004 Nucl. Fusion and Plasma
8 D. Reiter Neutral gas transport in fusion devices Atomic and Phys . 24266 in Chinene 2004
surface data aspects in atomic and plasma material interaction 24 266
processes in controlled thermonuclear fusion pages 243 ~ 246 18  Yao L H Feng B B Feng Z et al 2002 Acta. Phys. Sin. 51 596
Elservier Science Publishshers B. V. 1993 in Chinese 2002 51
9 Sobelman IT Vainshtein L A Yukov E A" Excitation of Atoms and 596
Broadening of Spectral Lines”  Springer Verlag Berlin 1981 19  LinJQ Zhang J Li Y J et al 2001 Acta. Phys. Sin. 50 457 in
10 Ralf. Schneider” Plasma edge physics for tokamaks” Habilitation Chinese 2001 50 457



1460 56

Investigation of gas puff imaging on HL-2A tokamak ™

Zheng Yin-Jia" Huang Yuan Feng Zhen Shi Le Cui Cheng-He
Wang Ming-Xu Xu Hong-Bing
Southuwestern Institute of Physics Chengdu 610041  China
Received 2 September 2005 revised manuscript received 29 November 2005

Abstract

GPI gas puff imaging is one of the important diagnostics method for investigation of the radiation in the edge region of
plasma. In this paper atomic and molecular processes during GP  gas puff passage are analyzed. The main radiation emitting
from the gas is identified as the Ha line appearing on the plasma edge region and the expressions of its intensity and location
are given. As viewed from imaging angle space radiation photograph of hydrogen gas during the GP was obtained
experimentally. Improvements of the imaging system and GP experiment arrangement on the HL-2A tokamak are introduced. The
observation results confirm the above analysis. In the beginning stage of plasma the GP hydrogen atoms can pass through the
region where the plasma column is to be set up and the bright strip region is formed. In the general GP fuelling CCD photos are
in accordance with the control signals and other diagnostic results. The strong Ha emissions in both the HFS and LFS sides of

plasma are observed.
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