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» Okuno, Kodahara, and Sasaki, “Hierarchical Clustering of Modes in Numerical
Turbulence Fields”, PFR: Rapid Comunications (2024).

» Okuno and Sasaki, “A Systematic Approach to Decomposing Numerical Turbulence
Fields into Substructures”, submitted.

Okuno, Sasaki Numerical Turbulence Decomposition 2/31


https://doi.org/10.1585/pfr.19.1201035

Okuno, Kodahara, and Sasaki
=R A &R

Okuno, Sasaki Numerical Turbulence Decomposition 3/31



B (1/2)

> BAME TS AYDORFEIRERICKESNTEY, BNRKOEBMEHIRREDORE
> ARTIREARYIaL—2avIil&YELGNE
BERTVIvILe(x,y ) EERS.
> ELREEENICRD LB LY. OTOMEE L.

> BT - IRRATEEKDEHEEE)NEL .
> DROKRENMNTET, REOFEHLZERT S I &IXRE.

> EHE— Ko f# (Sasaki et al. PPCF2019) =2 —ZJbx v k (Jajima et al.
PPCF2023) % FIf L B E AN BES T W 3.

Okuno, Sasaki Numerical Turbulence Decomposition 4/31



HX (2/2)
> BRIES] (SVD) HALTARESRL, TOBRERNT 57 70— FHRR

INTW5 (Sasaki et al. PPCF2019; Kodahara et al. PFR2023).
> SVDTEHEE K DEHE(EE)D% 5.

QL.

,_
N& oo
e e
ol e
YO M€
’ﬁ \14\/15

> KR TIE ELRODR] 2 HRNICIRI BEZEEZ 5.

Okuno, Sasaki Numerical Turbulence Decomposition 5/31



BERTVUYILDODER
> LR (BERT YUYV ¢(x.y.t) EZDEEHRD DIXEL VDT,
WIIBBHRG, ¢o, .. IR
d(x,y,t) quJ (x,y. t).

j>0

HEEDHE (a.ka, ERDDW)

8i(x. v, t) = 5W,(x, y)h(t).
SHBREEROBEE), V(xSRBS h()EBRRELRT.

> ERERICIEYIalL—Y a3 VOBRED SBERBIICETE T 5.

Okuno, Sasaki Numerical Turbulence Decomposition 6/31



& UEHRREBEY(x, y)D Y R b

Figure: &

Okuno, Sasaki Numerical Turbulence Decomposition 7/31



—0.036 1
—0.037 1

—0.038 7
T

0.1
0.0

-0.14

Okuno, Sasaki

Time Series 0

BEFE R0 h (1) D ') R b

Time Series 1

Time Series 2

Time Series 3

Time Series 4

0.05 1

0.00 1

=0.05 1

T
0 500

Time Series 5

T T
o] 500

Time Series 6

T T
0 500

Time Series 7

T T
"] 500

Time Series 8

T T
o 500

Time Series 9

0.14

0.0 4

=0.11

T T
0 500

Time Series 10

T T
o] 500

Time Series 11

T T
0 500

Time Series 12

T
0 500

Time Series 13

T T
o] 500

Time Series 14

0.1
0.1
0.0 0.0
-0.14 -0.14
T ; , , , T , T
0 500 0 500 0 500 0 500

Numerical Turbulence Decomposition

8/31



BEe0MRY 5FHS

(1) (EVTBRIFTEEEIAREWV), =02ERBEETD
(2) v(r,8) = (rcosf,rsinf)& LT, AARDV;DOZEEIDHEM

G = //{W}erde, U=12..)
ZE8ET 5.

> IREDRIEC &Y NS FNIE(BHERICEBHNNE \OT)ERTA
> 25 TRIFNIERAORS & T 5.

(3) IR, AADBREINTNISRIY VI LTEEDS.

Okuno, Sasaki Numerical Turbulence Decomposition

9/31



VSR TEF?

2

BEEIIHR
(REFEER)

@ /)"j 952927

Q)

r
<
N
L ®J

> USRIV T=MLEREFTEOHEITEFHRE.

Okuno, Sasaki Numerical Turbulence Decomposition 10/31



BUEELRIZDIZEIF E D2 %7

BEEIIHR
(REFEER)

@ 5 *
n ) 7525127
NFOE
s N6 7l
» -
e

0

> SRMIC, THITERWN] D@EIAELNS.

Okuno, Sasaki Numerical Turbulence Decomposition

11/31



RERMNLISRI) VIFEERE

» Sasaki et al. (PoP2019) = FE)TDIZ RS ) V.
> BENMLHATEE
1. k-meansZ S A% 4,
2 mean-shift? 2 24 1) > 4,
CBBERISRYY VY.

EEAMICIT WS DDITRYICEEDINEIBELTCITIRY ) VI T 5.

> HEEL DD, RIEDEZREE 7L T TILIC LTz,

Okuno, Sasaki Numerical Turbulence Decomposition 12 /31



BER ISRy ) VY
> £k %, RRICERIIDET BFE.

=

=0 ©

D

—

Okuno, Sasaki Numerical Turbulence Decomposition

13/31



=

_I_ 2ITYBY4I5RY
/}j
/_ |
@ [.r.]

Okuno, Sasaki

i
Y

—

6 o

Numerical Turbulence Decomposition

14/31



[BERISRSYY VT LUFRWSER

> Lo b REABELEDT (3752F)

=
_l_ 22 TYIB¥395R%
%
=
co

el @/:;5{7!5

_—\
0

Okuno, Sasaki Numerical Turbulence Decomposition 15 /31



EDVOTERT DD

1. B R OTeHER (RE8E)d, % SHE.

2. Ny r—IIID = (d)%#%F2=FT> RO LPERINS.

3. BbY.

linkage_D = linkage(D, method="ward")
dendrogram(linkage_D)

> BEEEEVE DD LRLZICERSE TV ISRY Y VT,

Okuno, Sasaki Numerical Turbulence Decomposition

16 /31



T R{g(xy D EXEDLVDT, T= Koy OMOTELERT DUBIDD.
W DD DRSS > 7.

> OERzE R LBEOTEHE: dj= min_ |V, — 0V,
O:[EERTF

> hi(t), hj(t) DEIRE DB,
> #%E{E@ﬁ%ﬁg d,‘j = |S,' — SJ‘,

Okuno, Sasaki Numerical Turbulence Decomposition 17 /31



fam MO E D &

> BFREOFRMECTHRBE IS RY ) VT (wardiE) T 2D —FBRITELD o7z,

102 4

10! 4

T T T T T T
0 5 10 15 20 25

Figure: E1FEE-FI0RFEEDNOTOY .

FIZAIT C{1,2,.. HIDOWT, ds(x.y.t) =2 icrs5Vilx, y)hi(t) 25t ET 5.

Okuno, Sasaki

Numerical Turbulence Decomposition 18/31



BonfTr ROJSLE, ZOREE L TODE

> IR S SICHREAREE— R - IR E— NICO@RI N
> R E— NIZIREMICEERFTS% T AR5 (Sasaki et al. PPCF2020).
> INETO IER - HKR - &R O3B &L VHEN TE 3.

Okuno, Sasaki Numerical Turbulence Decomposition 19/31



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}




Okuno and Sasaki
BHE S WIELREDO SR

Okuno, Sasaki Numerical Turbulence Decomposition 20/31



db
=]

Al

> SVDRETHRLLE-—FPERELAKEEZFO=-EHEIZED.

0 0
1.0 10 1.0 1o
0.8 = 0.8 4 ol
Folh b0t £
= 0.6 2 = 2
7 = 7 0.6 =
F 04 L = +
F02 L 0.4 P10 L
0.2 = =
0.2
005, : . T : 1073 T T . : 1077
0 5 10 15 20 25 0 5 10 15 20 25
Index | Index j

(a) BUEIDELR DR EE (BHERSD) (b)) SERIEAROKEE (BHESD)

> K YEMLERDODRICES.
> EH L SMENRERE ANTEZLLL.

Okuno, Sasaki Numerical Turbulence Decomposition 21 /31



BERRDEE

BN EE A DY B, (x: radial, y: poloidal).

> zonalXD %8BIk HE S :
1

bzr(x,y. t) = [ya——— /d)(x,y, t)dy.

Okuno, Sasaki Numerical Turbulence Decomposition 22 /31



%Y DD EELRET S

LR D &
Grurb (X, ¥, t) = d(x, ¥, t) — pzr(x, y, t)
ELT, IhEDBLizW. ED2%5H7?

» poloidal velocity of the zonal flow%

Vigzrl(x. t) = / Pmelx.y.0)y,

ELT, BEEIRILF—BEDN I Dvelocity EFRELT 25 Dpos, WIS/ E D g,
%o)'flijld)res DRSS - Gturb = d)pos + ¢neg + res.

Okuno, Sasaki Numerical Turbulence Decomposition 23 /31



I RILF—DDfE

» Kinetic Energy Density:

= ({2452 (552 o

> BENMRTBHLULR, COBEESMBELIW:

¢ + ¢l (x, t) = 1d1(x, 1) + 1er](x, t) + vx(x, 1) + vy (x, 1)

Interaction
A, HEERE, 1, "E>TLED. BHICKIFEH>TLESVD
B(x, y, t) = sV(x, y)hi(t) KEHEEERIENES
() + dil(x. 1) # @] (x. t) + 1] (X, 1))-

Okuno, Sasaki Numerical Turbulence Decomposition

(1)

(2)

24 /31



R DEETE

(1) TRIVLXF—BEIDBEAIBERE— R{¢(x,y, t)},MEL5N:

Grurb (v, ) = > _di(x. v ). s+ il (x. £) = M (x, 1) + /il (x. ).
J

(2) BEWCRBRAFESE Jpos: Jneg, Jres C{1,2,.. JEWVWWREUIZHEY,

posXy7-L Zd)Jth d)nenglL Zd)Jth

Jeros JeJneg

DI RIVF—BE ! [Ppos] (X, t), I[dneg](x, t)D¥poloidal velocity of ZF V[pzr](x, t) &
E/BOBEAZFRFFOLIICLELW

Okuno, Sasaki Numerical Turbulence Decomposition 26 /31



t=640.0 t=740.0 t=840.0

o «
0 0 0
Zonal Flow
boe w0 S 0
0 0 0
%0 2w % do ww % w0 w
o S oo
t=640.0 t=740.0 t-840.0
w© w© w©
- 0 0 20
Positive part of
» S 2
Turbulence @pos
0 0 0
o o o
o 2w % 1w o» % w1 o2 ®
16400 t-7400 1-840.0
w© w© w©
. 0 0
Negative part of
Turbulence ¢peg  * o o
0 0 0
%0 2o » % do @ w % 10 2 »
o e I

Figure: shot26: Temporal evolution (at t = 640, 740, 840) of the zonal flow and positive/negative
substructures.
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