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1 EAST I NBI#l CXRS &S 17 7
Fig. 1. Layout of NBI and CXRS systems at EAST.
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Fig. 2. Time evolutions of (a) plasma current, (b) stored en-
ergy, (c¢) neutral beam source power, (d) line-averaged elec-
tron density, (e) central electron temperature, (f) central
ion temperature, and (g) central toroidal rotation velocity.
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Fig. 3. #90833 Comparison of NBI torque density and tor-
oidal rotation velocity among different momentum driving
schemes: (a) Total input torque densities from NBIs; (b) tor-
oidal rotation velocities.
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Fig. 4. Profiles of (a) electron density and safety factor, (b)
electron and ion temperature, and (c) toroidal rotation velo-
city at 4.69 s of discharge #90833.
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Abstract

Plasma rotation and its shear are key parameters influencing the performance of fusion devices. The
prediction and control of plasma rotation velocity are of great significance for improving the stable operation
and confinement of future fusion reactors. External momentum injection methods are insufficient to suppress
resistive wall mode instability while achieving () greater than 5 in international thermonuclear experimental
reactor (ITER). Therefore, it is necessary to conduct experimental research on intrinsic plasma rotation that
does not rely on external momentum injection. To better predict the magnitude of intrinsic rotation velocity in
future fusion devices, we conduct an experimental study on the scaling of residual stress and dimensionless
parameters on EAST. Using the balanced neutral beam, multiple measurements of intrinsic torque are
performed, providing experimental basis for predicting the intrinsic rotation in future tokamak devices. The

scaling results indicate that the core residual stress is dependent on p;18°*126  while the scaling of edge
residual stress shows an opposite trend with pl26%%63  This suggests that as the device size increases, the core

residual stress in future large devices can increase, while the edge residual stress can decrease. The difference in
scaling results between the core and edge residual stress indicates that in the edge region, the symmetry-
breaking mechanism other than E x B flow shear dominates the generation of residual stress in the scrape-off
layer. A relationship is found between intrinsic torque and v, , revealing that the core intrinsic torque depends

on v 02%018 = Combining the scaling results of core intrinsic torque with the gyroradius and normalized

—1.39+0.71,,0.11+0.10
Vy

collisionality, the scaling law for core intrinsic torque is obtained to be p; . Using plasma

parameters of ITER operation scenario 1, the core intrinsic torque in future ITER plasma is predicted to be
(1.0 £ 6.3) N-m, which is much smaller than the predicted magnitude at DIII-D.

Keywords: tokamak, momentum transport, intrinsic rotation, scaling law
PACS: 52.55.Fa, 52.25.Fi, 52.30.—q, 52.35.Ra DOI: 10.7498/aps.74.20241462

CSTR: 32037.14.aps.74.20241462

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12175278, U23A2077), the Research
Foundation of Education Bureau of Hunan Province, China (Grant No. 21B0439), and the Open Fund of Magnetic
Confinement Fusion Laboratory of Anhui Province, China (Grant No. 2023AMF03005).

1 Corresponding author. E-mail: yinxh@usc.edu.cn

1 Corresponding author. E-mail: blu@ipp.ac.cn

095203-9


http://doi.org/10.7498/aps.74.20241462
https://cstr.cn/32037.14.aps.74.20241462
mailto:yinxh@usc.edu.cn
mailto:yinxh@usc.edu.cn
mailto:blu@ipp.ac.cn
mailto:blu@ipp.ac.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

EAST BT M IR AT IERILRE B Tk B RIS 10 LB L

Rk FAAME BIK £2467¢ Bae Cheonho KR 4 XHBK REHK MK T @A

Experimental study of intrinsic torque distribution of L-mode plasma based on balanced neutral beam injection
on EAST

YUAN Hong  YIN Xianghui LYUBo JINYifei BAE Cheonho ZHANG Hongming FUJia LIU
Haiging ZHAO Hailin ZANG Qing WANG Fudi  XIANG Dong

5] F{& & Citation: Acta Physica Sinica, 74, 095203 (2025) DOI: 10.7498/aps.74.20241462

CSTR: 32037.14.aps.74.20241462

TEZE RT3 View online: https:/doi.org/10.7498/aps.74.20241462

I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

EAST [ RMPUKEN A5 25 1A [ A ey s LR 19 S 4 bk 52

Experimental investigations on physical mechanisms of RMP—induced intrinsic rotations at EAST

WIPEAEA. 2024, 73(24): 245203 https://doi.org/10.7498/aps.73.20241357

FER ey B4 B IR B A Sz 1) 22 A e 8 1 244

Multi—fluid and dynamic simulation of tungsten impurity in tokamak houndary plasma

YIFREHR. 2023, 72(21): 215213 hitps://doi.org/10.7498/aps.72.20230991

Fo R S e RS R A AT E MR RV E 5 DOk iz AR A AL 5T

Hybrid numerical simulation on fast particle transport induced by synergistic interaction of low— and medium—frequency

magnetohydrodynamic instabilities in tokamak plasma

WIFRZEAR. 2023, 72(21): 215210 https://doi.org/10.7498/aps.72.20230620

2R SRR S RHE R T 5 A5 B AR ORISR PV K i BEEARE R i T ) R
Effects of radiation from tungsten impurities on the thermal energy loss during the fast thermal quench stage of major disruption in

tokamak plasmas

WAL 2024, 73(18): 185201 https://doi.org/10.7498/aps.73.20240730

FER S A SR BE S RE R AR R E

Ideal conductive wall and magnetohydrodynamic instability in Tokamak

YIBR2FA. 2023, 72(3): 035203 hitps:/doi.org/10.7498/aps.72.20222043

FER D ye FoRfARE i A L AR I 28 R vh B A
Group velocity in spatiotemporal representation of collisionless trapped electron mode in tokamak

PyFEEEAR. 2021, 70(11): 115203 https:/doi.org/10.7498/aps.70.20202003


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241462
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241357
https://doi.org/10.7498/aps.73.20241357
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230991
https://doi.org/10.7498/aps.72.20230991
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230620
https://doi.org/10.7498/aps.72.20230620
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240730
https://doi.org/10.7498/aps.73.20240730
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222043
https://doi.org/10.7498/aps.72.20222043
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20202003
https://doi.org/10.7498/aps.70.20202003

	1 引　言
	2 实验条件与测量方法
	3 实验结果
	4 分析与讨论
	5 结　论
	参考文献

