
Chinese Physics C (HEP & NP) Vol. 32, Or.,Mar., 2008

�õÇõ^4¬�|lf�l�>A5©Û

q?�
1)

¨1É X1Æ ñ�º ©�Ô ùï] 4ä

(Øó�ÜHÔnïÄ� ¤Ñ 610041)

Á� �
3HL-2Aþ¢y3MW�¥5å5\, ·�gÌï�
�»�260mm, pÝ�240mm��

õÇõ^4¬�|lf. 8c, §�5U®��¿�L
�Ð�O�I, �>óÀ�1s�, ��l

f6�Ý�0.44A/cm2; �>óÀ�3s�, �lfNlf6�Ý0.24A/cm2; �lfN�þ!5Ñ3

5%—7%���S. 8c, §´·IIS�lfN�Ý�p, �>õÇ����óÀ×ªlf. �©

ÏL¢�êâ�nØ�(Ü��ªél�>A5?1©Û.

'�c l�> �lfN> 

1 Úó

�õÇ�óÀlf��d�lfNu)ìÚ

\�ìüÜ©�¤, §´¥5å5\ì�~'��Ü

���, Ù5Uû½X¥5å�5\ëê. 8c, I

Sþ�õÇ¥5å5\ì¤^�., Uì�lfN

u)ìa.��©�õ^4¬�|lf (q¡�×

ªlf)Ú�õÇ�ªlf. �
3¥I�6ì

�ÒA(HL-2A÷kê�)C�þ¢y2MW�¥5å

5\\9, Øó�ÜHÔnïÄ�gÌï�
�»�

260mm, pÝ�240mm��õÇõ^4¬�|�l

fNu)ì. §�`:´(��{ü, �lfN�þ

!5Ð, ·u�¡ÈÚÑ, U�����6r, Ó�

äk�p��>�ÇÚp��f'. T�lfNu

)ì�(�Xã1¤«: 36�^Gq�^c©Ù3×

ª�>¿o±�	9þ, Ó�Åke%Y+. �lf

NÚÑ«���»�17.4cm, «�S�^|rÝ�u

15Gs; õ�“uY”/G�¾�j÷�l��©Ù3þ

ºXþ, ºX¥mmkxí�. ÏLCÏÁ�êâ�

�, 8c§�l�>5U®��¿�L
�Ð��O

8I. ó�íN��í, ó�óÀ3s�, >&�ÿ�

�lfNlf6�Ý��0.24A/cm2, �lfN�Ý

�u1012cm−3; ó�óÀ�m�1s�, ��lf6�

Ý�0.44A/cm2; ü«�¹e, �lfN�þ!53

5%—7%�S, ¤�·IIS�lfN�Ý�p, õÇ

����óÀ×ª�lfNu)ì. ±eòÏL¢�

�nØ�(Ü��ªéíØÚ�jü��ªé�>5

U�K�?1©Û.

ã 1 �õÇõ^4¬�|lf«¿ã

2 l�>A5©Û

2.1 ¢�²�{0

¢�²�dý�XÚ, lf>XÚ, ±9�

�Úæ8XÚ|¤. ý�¿ÄíXÚdü@ÄÇ��

z¦3500L�©f"ÄíÅ||¤. lfxíæ^

���>^zóÀxí�ª. �j>æ^1500A,

15V�6>; �>l6>�1500A, 150V�6>

, T>�m'æ^2400A, 1200V� IGBTì�,

l6>£´¥Gé
8mH�>a.

3ëêÿþ�¡, ^^²ïª¿�>6Daìÿ

þ�j\9>69l>6; ^©Øìÿþ�j>Ø9

2008 – 01 – 07 Âv

1) E-mail: zougq@swip.ac.cn

283 — 285



284 Chinese Physics C (HEP & NP) Vol. 32

l>Ø; ^·>&�
�ÿþ�lfN�Ý. éu�

>¿�íØ, ^��ý�5?1ÿþ.

2.2 l�>A5

é�»�1.5mm, �Ý�15cm�9��jü�

�ª�.?1ØÓíØe��>¢�ïÄ. ��

j\9>61060A, �>íØ©O�0.17Pa, 0.23Pa,

0.56Pa, 1.06Pa�, ÿþ��ÏSA5�Xã2(a)

¤«, Tãw«��>íØ�$�, Ó��lØ^�

e, l6�XíØ�,pO�, ù�L²l�>�

)�lfN�{|5�X�>íØ�Opü$. �

´�íØL� (�u1.0Pa)�, Xã2(a)¥�d�¤

«, �éu c�5�, l6�ü$. ã2(b)´ØÓ

íØe, �lfN�Úlf6�Ý�l6�éA'X,

dd��, �l6$u400A�, �lfNlf6�Ý

�l6¥�5O\�'X. ã2(c)L²�lfN�þ

!5�XíØ�,pO�. dd, éu9��j�

., �
Uõ�lfNþ!5, l�>íØ����

30.2Pa�m. éã2?1nÜ©Û��, T.5U

½, ´u��, �l�>�)��lfNþ!53

ã 2 9��j×ª�>A5

(a) ÏSA5�; (b) lf6�Ý�l6�'

X�; (c) �lf�þ!5�.

7%±þ, k�?�ÚU?.

�
?�ÚïÄõ^4¬�|�l�>5U,

Uõ�lfNþ!5, Jp�j�¦^Æ·, é�j

ü��ª?1
U?: �jêþ18�, �»�1.0mm,

�ÝØC. �o�j\9>6�1076A, íØ�0.65Pa

�, éA��lfNlf6�Ý�l6�'X�X

ã3¤«, lã¥�±wÑ, l�>�Ç²wpuã

2(b)¥��¤«�l�>�Ç.

ã 3 18��j×ªlf6�Ý�l6�'X�

2.3 ©Û�?Ø

3õ^4¬�|�lfNu)ì¥, 9Ò4u�

�Ð?>f²Ò4V}�\��pU�, ,��ó�

íN½ö�lfNu)�p�^, Ù¥�)lfzL

§Ú-EL§�, �Ü©Ð?>f�9z��lfN

>f. �lfN>f�)Ç�L�ª
[1]

�±��

R = npV/τ +npn0 (〈σcvp〉+〈σIvp〉)V +npn0 〈σIvp〉V,

(1)

ª ¥n0 L«íN�Ý, V ´�lfNNÈ, np L«�

lfN¥Ð?>fê�Ý, d�j§Ýû½; τ ´>f

�å�m, d^|�å5û½; 〈σcvp〉� 〈σIvp〉©O´

��5-E�¡Úlfz�¡Xêvp ´Ð?>f�

�Ý, dÒ4V}��> Vcs û½:

Vcs = Varc +φ, (2)

ª¥φL«�lfN�éu�4�> , XJ�4ü

}���lf}�, φ >0, K�lfN>f~�, lf

\���4L¡; ��, φ <0, �lfN>f\���

4L¡, lf~���4L¡.

�)�lfN>fÓ�, 3�lfN>�«�,

�lfN>fÚ4�Ü©Ð?>f²L�4ü}��

��4þ, �)�lfN>f6Ie, L�ª
[1]

Xe:

Ie =
1

4
(8kTe/πm)1/2 neAA exp(−eφ/kTe)e , (3)

ª¥m�>f�þ, Te �>f§Ý, ne ��lfN>

fê�Ý, AA�k��4¡È.

3l�>Ð©�ã, �lfN�)Ç�uÙ��

Ç, �lfN�Ý,p. �lØ]m,p�v
�¿

ªu½�, �lfN>f��)Ç�uÙ��Ç,

K�lfN>fê�ÝØC, �>½. d�, �lf



Or. q?��µ�õÇõ^4¬�|lf�l�>A5©Û 285

N> �L�ª
[1]

Xe:

φ =
kTe

e
ln

[

√

kTe

2πm

ne

np

AA/(δn0 +γ +
β

n1/2
0

)

]

, (4)

Ù¥

δ = (〈σcvp〉+〈σIvp〉)V ;

γ = V/τ ;

β = (1+ne/np)DE1/2A,

ª¥A�lf��¡È, D�~ê, E ��lfN¥�

>|rÝ.

�â (3), (4)üª, XJxííØ�$, �íN�

Ýn0 < (β/2δ)
2/3

�, φ�Xn0 �O\,p, �lf

N�Ý�ò,p, l6O�. ��lfN�Ýép�,

òk�þ��lfNlfñÂÒ4L¡, ¦Ð?>

fê�ÝO\, ��l6UYO\; XJíØ�p,

�n0 > (β/2δ)
2/3

�, φ�Xn0 �O\ü$, �lf

N�Ýü$, l6ü$. ù
(Ø�ã2(a)¢�(J

T�Î.

éu18��j�õ^4¬�|�lfNu)ì,

duUC
�jü��ª, Ø=O\
Ò4Ð?>f

�u�¡ÈA, �UC
Ð?>f��å�ª. ,	,

3�>Ð©�ã, �lfN�Ý�éuÒ4u��Ð

?>f�Ý5`�~$. dd�â (4)ª��, �>Ð

©�ã�lfN> �U��$ul�4> , ¤±

�>²~ÑyØ½y�, �lf��Ç�$, l�

>�Ç�p, Xã3¤«.

3 (Ø

�þ�¢�êâ9nØ©ÛL²: $íØ�>�,

l6�XíØ�,pO�, �lfþ!5C�; p

íØ�>�, l6�XíØ�,pü$. ÏLé'

9��»1.5mm, �Ý15cm��j�18��»1mm,

�Ý15cm��jü«ü��ªe�¢�êâ��:

cö�>½, �lfN�þ!5��7%—10%, �

óÀ�>�lf6�Ý0.24A/cm2; �öÐ©�ã�

>Ø½, �½���þ!5$u5%, �>�Ç�

p, �plf6�Ý0.44A/cm2. dd��, ü«�j

ü��ªe�l�>5U�kAÚ, e�Úò�âl

fåÚÑ¢�(J, �ª(½�j�ü��ª.

ë�©z(References) 1 Dan M. Goebel. Phys. Fluids, 1982, 25(6): 1093

Arc Discharge Performance Analysis for a High Power

Bucket Ion Source

ZOU Gui-Qing1) ZHONG Guang-Wu LEI Guang-Jiu JIANG Shao-Feng

LU Da-Lun CAO Jian-Yong LIU He

(Southwestern Institute of Physics, Chengdu 610041, China)

Abstract To match the large power long pulse neutral beam injectors for HL-2A Tokamak, a circular magnetic

multipole line-cusp ion source (namely a bucket ion source) has been designed. The arc chamber of this ion source

is a water-cooled, stainless-steel cylinder 26cm in diameter, 4mm thick, and 24cm long. So far, many arc discharge

experiments on this ion source have demonstrated that the plasma density has been 0.24A/cm2, for 3 seconds duration,

within 5%—7% plasma uniformity, and 3 seconds maximum pulse. Arc discharge characteristics, such as the gas pressure

dependence and filaments arrangements dependence have been studied experimentally and theoretically in this paper.
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