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(a) HIhZE i (cross power), (b) MR ZREL (v) Fl (c) H—
T H AL (AG/)

11T 5 A 5 LA £, I 5 (c) R
(0 TLAR $ 1%, FRATTE 5 g M Gy ZIRILE f < 2 kHz
SREBL N AL FIAR B 5% R, T RARFFEHEE T m (K4
2, MIEATER e bR R BRI, FRA17E
oAt S rhE i X IR ALK TE & MR E x B
TORBEAT FAISE 507, RIIX =% 2 A AR AR
BRI BOELAR A, DR, T DU B R 4 e, B R
3@ DPB-TDE J7 1453 5| 1 £ 8 B K% 0, 16

[ < 2kHz BB TEH N R A ) B AR A
KIE H EA X TR GG RFAE 1) ZF 55y, Ho A B )
ZF 5y S FT A B S R VR e R LU A b T B A
BT ALKV I DL IS PR, R TR T
TDE iz Hid FE R4 5l N 7 — B M G i ik s
FrEx.

PRk, AT U R G R H AT KK
1 o B F AN R BE P 1Bk v F 2 1B MR A5 5
T I PR A3 R AN A Y (R B8 15 5K F DPB-
TDE 73 B i 545 5, T %) % TDE 53275 52 bR
12 FH I R RO #0055 R R AR T M R AR R KR
OIS {8 5 A2 YO0 T. 6 b T b g 3 S8 FH S
3 BB 4K ¥ 100200, 200—300 1 300—400 kHz
(1) =Ny T S U B AT IR, PR R S R
A5 518 N IF 8 DPB-TDE J5 43 5l i 5
HH A L ) T RE K T D SR FH AN [F) A0S B A 5
FITsRA3 (01 09 4355 ¢ ps HEAT A SC 0T, 15 20AH
N . Ih2R % M 5% R BN A A g 5 Bk, |
HRET L, R AREC N 100200 kHz I, HAHSC 45
5[0 AR R =@ (f > 50 kHz) B S 5 1)
IR 4 IR — B Y 8 A 5 1R v
200—300 kHz i, A AH B T 2% 3% 50 HAH O¢ R 3L
B 3 PR, (E2 TAE A S B A0 IH AR — 2
M 24 3% FH 5% A5 300—400 kHz 2% (5 5 i, H
Th 2R vl e P55 RARR, i I T2 2 T 1 LA 5%
REPEAR BN R KF R, FEH f < 2 kHz SR
L P %) LA A 1 5 AT I 15 DA LA AR B35 8 Ak, I
HEIH—E M E s .

AT SCH L 3 (b) F (c) mT %N, £ BE & S 1 7t
B, by M Gpo Z 1A ELAR SCREFE BRI MG, T
TDE 7 A R e % 38 1 5 1) 8038 45 5 i AE -+
TKTE A3 H B AR S B I TR E SR, IR el R vk
VT LR VR A S BRI S 5 1S N LA B TR
(1) FF i R B 6T A 300—400 kHz ¥ Fl
WIS BT ALK TE (S5, T gy AT g po (AR
K LA P 2 P KT B, L AE A R R
L B o A ke sh . AN, B4 (b) A (c) 45 H
RURE oy #r 45 R B, A A7 T 100200 kHz
X 5] P B ZF A0 DW it 22 18] () = 8080 & H
SRR B EOK. FEBEAE TR ATR 1 — 25 T e, B
R 2 B0 W B AR, I BT f > 300 kHz /) DW
TR VRS 5 M0 5, U 2R KR R 4 2 g K
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BT, 1T X 5 E ) BRI kR ZF A1 DW i
T AR LR G ek 55, R ZF 33 2 Ik V& %o e A
DW it YL 5 V& 7 B3 35 1m0 3 i 1 FH 2808 1) 98
§5. B, BT B P A S 5 R A G B
DA S ZF Ay i DW it it A 2 MR G 56 FE B i Y 3K
ANZE IR O Z, BATTNA MR AR ] 5 1 fr e o
(1) £F: [ 25 38 A5 71 & i 3@ 5 DPB-TDE 5 AR B 3k
13 11) ZF 33 55 Tl 7 AF T 558 328 4 PR A1 B 22 B 2 TH 2R
o e R

EAE1S 2 i 192, X T 200—300 kHz 4 77 i
FI ARG ST S, REWINE S EAAHK R
HROAmPFER0.3 (WK 3 (b) Frw) LR, (HZFK
1475 18 8 9% 38 i DPB-TDE 5 AR M A 45 % 42 B H
A I S B ZF {5 5 00 A 1) 2R kR, I A e P
HUUE B T 1% TDE 2381 77 5% T 3 A5 5 A e
MR, DAL AEAH T 75 A X AT I R ARAK, B iZ:
AREAREE i fe

5 & W

K HEEANE T DPB-TDE J7 3% () 50 5 3,
I H YOk R H T LMPD o DW i i [ 3 &
Wik V& 1 Bt g, o A SUEMT L I 7 DW
il JE R M Re B AR G I B R A ZF 4
Fa, e ELIE S AN [R5 Bl N PR 3RS 5 20 il e
Fi% TDE J5 15 FT 3545 1 ZF &5 K FH 0 ik 7% 4 1iF i3k
FPXFEE, R R TG DW IR iR kYR A5 5 o s
FEAE A8 [0 A 56 B2 AN DW-ZF = J50R0 & 98 15 [t 4 %
fIARL % £, 3254 DPB-TDE 5% “Hi 7
BEJI3EAT T R 5 PRV

— RV TR T 4 SRR W AE N — iR %
() TDE 73 #7177 %, & H R e8I 15 55 80 (5 5 A
[ BT ] 73 9% )R P 3t () A 45 5 I H A IE
S8 AT B AS 5 0 1 9 B R R, eI
X BT T AETE I AR A T W 7S AR X KCE el B
Be NI BB, R, AN RS 7 S8
FENEE A B TR R X DW i VAL T K
AN ZF G5RAT IR N 3 b R R 4 58 o 2 22 1) 4
H, 30T LA 8808 T R 2R 24 o SR A 5 8 AR S
50%6 B A GRS TN B AN AE B 0 A T 3RS
W B B R A B R B S5 R 1 H L
BEAh, (5B F ARSI @IS R 4k Bk V5 12 W (n

RS 6 | L [B] JE H HR A I R PRI AR AL AN
PR ) B [FIRE T LU i B 3 i AT B
FERA AL AR IR, (EA5- A TAT LA T D02 &) % i i
IXBRL T A RE B4 12 « B 15 Pr ik (Reynolds stress),
DA B A 26 1 it 5 A% i R 400 5 =1 ) B R AT A AR
G3 . AT EE IR N T F AH S 4 BE ) ) S8 Bt 7
TAE.

TR R, B AR S TR, FATERBLT
HA M [ FRFFE R ZF 23 5.3 T #0 DPB-TDE J7
I RE, DR R X AR T AT & M e
W LA LR ZF B2, F4h, #AE 5 eS [a] 2 5%
2 LRSI AT A A0 HE ) B /N A R I (A R T
THE RS IR B AL R ERR. PRtk 724 5 )
TARH, IO 7B — DA = R 2R G [A] e . R
FEHE R AR AR, M 38E 4 FH T 1) 2 H 1) /N 8 3R
I ] P R ] T i SR 1) L Skt ok A5 R I 2 2K

SRR v R R} 2 e 45 1 - PR P BELTE T T 44 R IT 9 B3R
RIERIHE.
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Abstract

The effective measurement of plasma turbulence flow field is of great help for better understanding the turbulence
in magnetically confined plasmas, and experimentally verifying the theoretically predicted phenomenon such as zonal
flows. In this article, the dynamic programming based time-delay estimation technique is employed for the first time
to estimate azimuthal velocity fluctuation of drift-wave turbulence in a linear magnetized plasma generated via a hot
cathode plasma source. Analysis results clearly reproduce the zonal flow structure which is spontaneously generated
by nonlinear energy transfer from the drift-wave turbulence. Moreover, via the comparison among the zonal flow (ZF)
characteristics estimated respectively by the turbulent fluctuations of plasma located in different frequency regions, we
further evaluate the dependences of accuracy and response for estimating ZF property using this newly developed time-
delay estimation algorithm on the level of relative incoherent noise in the carrier waves. This work provides an example
and reference value for deeper exploration on plasma turbulence and in particular the relevant flow field with the help

of the dynamic programming based time-delay estimation technique.

Keywords: dynamic programming based time-delay estimation, zonal flow, drift-wave turbulence,

velocity fluctuation

PACS: 52.25.Xz, 52.35.Ra, 52.35.Kt, 52.35.Mw DOI: 10.7498/aps.63.185201

* Project supported by the National Natural Science Foundation of China (Grant No. 11205193) and Specialized Research
Fund for the Doctoral Program of Higher Education of China (Grant No. 20113402120023).

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

185201-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.185201

	1引 言
	2实验安排
	Fig 1

	3DPB-TDE方法介绍
	Fig 2

	4实验结果
	4.1 通过DPB-TDE技术求解角向速度 涨落
	Fig 3

	4.2 ZF驱动角向速度涨落的鉴定和DPB-TDE方法校验
	Fig 4
	Fig 5


	5结 论
	References
	Abstract

