#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022)

185202

PEHSERNRHTESRPIETRE
1o AR R I 3T

" FRY

B EEK

(VY PSS R Yy R SRR BE, AR 610031)

(2022 4E 4 A 17 BUE]; 2022 4F 6 A 28 AU EIMEHH)

T B R RR DG R 2 (CFQS) & B it A 1 P — 76 2 0 o 206 Bk {7 2 . A SO F TR 7 47 2% R AR A
GKV BT CFQS & TR E M L (ITG) BB 5T . ZE S B A 0T, BIIME R4 1 T CFQS
Al TTG 5% 5 f 5 R0 I M6 38 18] A AR 06 2R . TG B 38 K A7 A 0 62 Ao I {1, O 30 o 2 10 {1 %2 1) 2% 3 o I
FIRZI. TTG 34K AN 5 % 3 B (00 4 %o (M O, 3 B % 3 6 B 110 1 7, 0% 88 A6 X TG LA S Ay 40
VR H. AR IR PRI S5 SR e I, Ak e X ITG HoAT RARE A, d PR X) ITG AT RAREH. 4%k
LR 2 E I, AT R B0 458 TR L R 24 TTG, S8 TTG 1) B /R 25 B 7~ I 13 4 J3 B /5 B 2 Bk M (ATT G/
KBM) f%EAk. 245 BE 030 B2 BE AR 45 R, KBM A de A3 K 3R 5 5 32 of B R 38 3 o B 30T (B A 2 R K 2R

S o AR AR OTRES, BT RRERL, R TR, ST o

PACS: 52.25.Xz, 52.30.Gz, 52.35.Qz, 52.55.Hc

1 5

TERG LY AR AR HEE T, i S 2 25 88 1
PRORLFFIRE B ™ HR R 45 B TR A L R TERE.
TEAE R S rA B b, i s i BN SE T1
iz ik 0y s BTE B dh, BRim iz oh, B
Ziiia dE—FP E RS B T s 15 7 L1
o TR A iz, IR R AR TR
PEREASAIE R S ve. D7 R a b R 2 ik iz 2
HIT05 A8 PR IIRE 7 SO B P e, mTL
LA B I REA Y, ARG 7 D 8%
PEMTAR R A5 B TR ZRERE. O Bl G i
A E2A =AM HERBEXFROLAL (dn2e iy
HSX %8 MLt (WnFEERY WT-X 38 ) A
HERRXIAR AL B2 M HTETPIRM A 7 AL

ail¥

DOI: 10.7498/aps.71.20220729

AR NIFETT, B P R IS
SERFM, DIX BRI 7 R 05 B 2SR R
B RRH M N ISR R, R ER T
FRACACRI 5 S B SFER D et BB 4 sz
IR, X B Kb RAAR A 2 5 0 28 B A 451 2 161,
WEIR X FROC AL 15 2 2 S R T AL Ged)i AL A B 2 3
iz KA BT, [FIR R ER T LA o5 i AR L it
AP R, S AR Y 2T SR A B ARG

N HATA Ik, FE R TO ) 3 T I ER T FR
AL AR . 5 2 1 it — & HEFR X
PRy A% E NCSXI, H AW #itid— A EF
XTFRA B s - CHS-qal¥l, $5edft, A P g A2 K
A H AR A B2 L 3 T — S
SRR T E T SRR AR (CFQS),
JEE TR %% B pY s 09-12, CFQS 2 Btttk
ME—7E B RS B R AR B

* [ KRR RAS B A RS L I (S 2022YFE03070000, 2022YFE03070001), % [ 4 FHEES: (HEHES: 11820101004)
AU E AR RIE A VEI H (S 2021YFH0066) 7% Bl iR

t BIE1E#E. E-mail: jiehuang@swijtu.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

185202 -1


http://doi.org/10.7498/aps.71.20220729
mailto:jiehuang@swjtu.edu.cn
mailto:jiehuang@swjtu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022) 185202

BARFIS IS LW CFQS HY38 4 sk iz /K 7
WAL F A 5 B4R, 7TV SFER S vaAH H el 1),
{H CFQS X 45 8 IR A AR 2 o M e AN (R T
Hopr 2 B2 KO, BT o i i 2 7K F-
I, IS FIE CFQS R AITE I SEiHEE, i
o B0 HTT it i s PRI I . SRR TR
it 1L 0 38 2 FH 45 15— U vl A 7 P R LR DU AN B
FEPEIK SN, AE FIRERR AR (ITG) . fi 3k 1
B (TEM) %131,

A SR TR1 e 2 B A o i R AR GKV FF
& CFQS & F R MO TR E 5T, 44
th CFQS I ITG FIBAT IR S5 5 il B 16 A / 5y 34
SEABREE (ATTG/KBM) AY4FAE.

2 WERA

ASCH e g hr g AR GKV HHE CFQS
AT ITG MEUBESE. GKV U 23T
Sf ¥4 1B J5E oy B~ R AR 3 koI A o FsF [ 6 1 %) P
T8 T Bh o A pR AR S fs | i HL A o Rl 2 By
T Aok I 45 B TR B T 58, v,
s =1ifls = e PHILEE T RIEFAPLEh s pREL 1415),
GKV IS0 5 B AE TLAEAH 23 (8] B 30 o A
PRSI HL B [ JE sl By R 16171 R py e FRL v
FHEANT:

0 . ub-VB 0
(8t +v//b-V +iwps — msav//) 8sk |

C
-3 Z b (K x k') 8¢sk 89k
A

o esFMs (E)MJM

T. ot + iW*TSSQZJk/L) + s (89sk, ) 5

(1)

Horb1 89k AL BN o0 A0 PREL 8 fore, WO AE A 34 (B 3
22) W51, Wl 8gsk, = 8fsk, + €sJ0s00k, Fams/Ts , Jos
R D FEIR BREL; Fas 43 AT PR T 58 43
ko M E IR wos Al wars 70 B RE RS FIPTRE 5
M, Sue, S2 MBI FAR D), (1) 2 rh HiAth
T & LS8 S0k [17].

7E GKV R BB R AR R (2,y, 2) 18, Hi,
z=a(p—po), y=apoq(po) " la(p)0—C], z=10. X
HWa /NEE, p = /0 eage » ¥ NIRFIRER, g (po)
Hp = po oML A 0 H ) . TR T AR

L, FEER A ¢ = 0°, IH—fb/NF428 p = 0.5 4b
—ANEEAEVE NI L. CFQS B REZ M 1 m,
YR N 4, HAEIRFRREA AT BRI FEIECH 2.

3 AN

e A AR P S IR R B K B A —
PO E M, bR T B PR RS, S5 Bk
P56 BERR B | AR T, 45 B AR LU RS HE% ITG

SO, AR SR B EAEA IR IE DT, IR
I R i RN 25 BE B E XS ITG (560 . TE4a BT,
FEBE TR OATRE M R4 1ITG B, X FEA]
PITE CFQS i B FAFFE 4l ITG B 1R BEA
I BE B B TR ORI O R

3.1 FRAEEINGER

T, BRI T CFQS i ITG
FEXF SRR, TSR 4 1TG 5% 8 Fihk S
B K SC 2R, A T CFQS H ITG R0k
FFeE SR BRIS AR &1 1 451 TR 4 gk
P ITG B BEGE. B 1 HR y R R, by N
WG p BT IEEAE; Ro 2 B REAR; Lo A
Lep 53 51| hy %% B RN BE A BE AR, HoE LR Ly, =
—(dInn/dz)"", Ly = —(dIn T/dz)"", K nfiT
Oy RN S B TR AR . I L AT LUE B
BHIRERERIR, ITG B EE ARG 5, 14
KRR, B ITG 8 A A E. Tk
FEHER TR, ITG B BBOEZ R T, ok
BRSO B A = R X 3. SR, B
SRR A K, TTC 8 R S 18 K 8.
K 1w LA W ITG W3R A — AT B
B, HA YRR K T EER, ITG A ek
PR AU R LI /NS R B 5 s
BE ST T BE B b A Y R A AE
CFQS 1iJE T I 1 % FERL EEXT ITG S i
75, B 1(a)FIE 1(b) ATLAF H, BR Ro/L,=—2
1 Ro /Ly, =23 9™ 25 5 A5 J3E 110 240 X H(ELAH [, R %)
N ITG AR R EN B ORTE], 0% B XS 1T G
HAMEIER. X 55K D58 L a4 5 a) 1920,
KL, ITG R38R R %5 B 5 B 9 48 X AR
X, BT M A IE 7. K 2 45 TN
Shrh ITG . 1TG ARG 5 1) R B i
ERSTT 1), FEAR ORI DU T A BRG]

185202 -2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 18 (2022) 185202

1.5

(b)

Kypi

1.5
e ©
1.0+ LT ~
./l
[ 7

/
/7

05k /\

0 L L L
0 0.5 1.0 1.5 2.0

kypi

B 1 R [R) B AR BB T 4 2 ITG O KA BBGE  (a) Ro/Lm = —2; (b) Ro/Ln = 2; () Ro/Ln =8
Fig. 1. Growth rate spectra of ITG for different density gradients and temperature gradients: (a) Ro/Ln = —2; (b) Ro/Ln = 2;

(c) Ro/Ln = 8.
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Fig. 2. Real frequency spectra of ITG for different density gradients and temperature gradients: (a) Ro/Ln = —2; (b) Ro/Ln = 2;

(¢) Ro/Ln = 8.
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Fig. 3. Relationship of the maximum growth rate of adia-
batic ITG to Ro/Ln and Ro/Lr.
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Fig. 4. Growth rate (a) and real frequency spectra (b) of
kinetic ITG for Ro/L» = 2. Here, Ro/Lt, = Ro/LT,.
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Fig. 5. Contour map of the maximum growth rate of kinet-
icITG/TE-ITG modevs. Ro/Ln and Ro/Ly.Here, Ro/Lr,
= Ro/Lt;.
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Fig. 6. Growth rate (a) and real frequency spectra (b) of
kinetic ITG for Rg/Ln, =2 and Ro/Lt, =8.
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ic ITG vs. Ro/Ln and Ro/Lt,. Here, Ro/LT, =8.
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arrow is plotted in panel (a) to point the transition point from ITG to KBM.
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Fig. 9. Growth rate (a) and real frequency spectra (b) of KBM for Rg/Ly =2 and Ro/L7, = 8. Here, 8 = 1%.
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Fig. 10. Contour map of the maximum growth rate of KBM
vs. Ro/Lpn and Ro/Lt,. Here, Ro/L7, =8 and B =1%.
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Abstract

The Chinese First Quasi-axisymmetric Stellarator (CFQS) is now the only quasi-axisymmetric stellarator

under construction in the world. In this work, ion temperature gradient (ITG) mode in CFQS is studied by

using gyrokinetic Vlasov code GKV. The basic characteristics of the eletrtostatic ITG are separately given

under the adiabatic condition and the non-adiabatic condition. There is a critical temperature gradient for ITG.

The growth rate of ITG is proportional to the temperature gradient. Furthermore, the growth rate depends on

not only the absolute value of density gradient, but also the plus or minus sign of the density gradient. The

negative density gradient can strongly suppress the ITG. The kinetic electron can destabilize the ITG and the

electron temperature gradient can also destabilize the ITG. For electromagnetic condition, the ITG modes can

be suppressed by the finite plasma beta, and then a transition from ITG to Alfvenic ion temperature gradient

mode/kinetic ballooning mode (AITG/KBM) comes into being. The maximum growth rate of KBM is linearly

proportional to density gradient and temperature gradient when both gradients are large.

Keywords: Chinese First Quasi-axisymmetric Stellarator, ion temperature gradient mode, plasma beta,

kinetic ballooning mode
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