Status and Outlook of Integrated Transport
Analysis Suite, TASK3D-a

M.Yokoyama for

® integrated transport code group, Numerical Simulation Reactor Research Project
® TASK3D-UsersDevelopers (TASK3D-UD)
® close collaboration with LHD Experiment Group and Kyoto University
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8.1 keV@1x101°m-3

20 keV@2x1018m-3

Te 10 keV@1.6x10°m-3
e 1.2x10%'m"3
with T,=0.25 keV
B 5.1% @0.425 T
41% @ 1T
54min. 28sec (500kW)
(1keV, 4x1018m-3)
Long Pulse 47min. 30sec. (1,200 kW)

(2keV, 1x101°m-3)
- 3.36 GJ (world record)
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) Objectives

* Applicability extension of the integrated code, TASK
(A.Fukuyama, Kyoto Univ.), to Stellarator-Heliotrons

o S-H specific physics
e 3D feature
e Module extension/modification based on TASK

*Physics understandings
eAccurate discussion
«Scientific systemization

|
TASK3D ¢ |
*Model validation/improvemen i &ags@ 08 & =
*Module extension » N
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Logo (Spirit of TASK3D collaboration) S

e “3D” blocks (modules for “3D” physics)
e Piling Up -> making shape (integration)
e bright colors (friendly and productive collaboration)
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) TASK3D development strategy b

Systematic understandings \/\( Given conditions
Accurate discussion — Model Transport models, Sources,,,

Valldatloy -

TASK3D-

TASK3D-
nalysis of LHD . :
( eporiment) common ( redictive analysis)
modules
1 r ~_—
Experimental condition * Extension of high-
Profiles, Sources, ,,, performance plasmas in LHD

 FFHR- d1 desngn, Y,

http /hwww.nifs.ac Jp/fusengllrTceIm;zmg?‘rr}l14



Release of the 1st Version of Experimental Analysis Suite

TASK3D-a01
(2012.9)

® Automated Experimental Energy Balance Analysis
-> Significant progress on

» Detailed time-series analyses in an individual shot

» Analyses in many shots

® English Manual (NIFS-Memo 61, Nov. 2012)

http://Iwww.nifs.ac.|p/report/nifsmemo.html

> basis for international collaboration
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@ Calculation procedure of TASK3D-a01 i

ao1
4 A .
LHD Data }(4p equilibrium)( Heating (NBI) [ Energy and )
interface — momentum balance
y All the timings —\ | multiply each port-
Pressure/Current Lo @strong Thomson laser through power
specified with TSMAP N ; dytrans6_sd

d 7_sd
/| nb*pwr (175) ytrans7_s

tsmap \ . ! ’l\
tswpe [J@ fit3d v—i conv_fit3d ] [ dytrans ]

Te(reff 5
o] wout(WEC) J ‘ [ trsnap )
\ Y,
— [ Boozer ] fit3d_sd
cxswpi7 \|’
i boz.dat — Slowing down
\ [new — ] ) accounted
v on energy and
fit3d IMW _| momentum
> 4\ / |\ Y,
[ module ]
. output |
eg file o



V) “Data integration” transport analysis it

UNIY
3
» &
YBED
s—

M.Emoto et al., IAEA-FEC 2014

Data Integration FIP/P8-28

[ Diagnostics } Thomson, CXS, Rogowski, etc.

Acquisition

TSMAP ,
Real-time LHD Analysis Data Server
Mapping T.(R), no(R), T(R), I, ...
tsmap
cxsmap Te(rett) Nelrese) Tillerr)) E(rege), ...
ermap tsmesh
lhdmse—iOta / Pel Pir Qe; Qil Xel Xil /

tsmap, tswpe
cxsmap, tsmesh

Output \

V ---.Z'._'_':
Analyzed Data }

t3d_1MW fit3d_sd,
dytrans [

TASK3D-a

8 /14



),/

‘?‘ TSMAP, real-time coordinate mapping (reﬁ)

C.Suzuki et al., PPCF 55(2013)014016
TSMAP LHD #106655 B, = —2.850T, R,, = 3.600m, B, = 100%, v = 1.254 Exp: Date: 20110819, Cycle: 1

Registered: '08/19/2011 14:41
A, = 0.637 mphiedge = —3.264 Wb Lasers: 1 (OFF) 3 (OFF) 5 (OFF) 7(OFF)
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) Features of TASK3D-a01

Gateway established : tsmap-task3d.lhd.nifs.ac.jp
v’ open to collaborators (but accessible only in LHD-LAN)
v no need to download the suite nor set-up the environment in
your own computer

Default usage :

v simply “go, #shot”
v’ results do not depend who to run the suite

Output: eg file format (on LHD Analysis Data Server)

v’ accessible from collaborators
v’ validity check can be enhanced with a lot of “eyes and senses”

Flexible structure
v’ easy update of modules, improvement
v impact of module replacement can be easily checked
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) Usefulness of TASK3D-a01 it

Number of analysis-cases can be significantly enhanced
— Systematic understandings, accurate discussion

(ex.) when does the confinement

5}%88;% |m|‘5{>l"l 121 |Esl1i|=5|2|'d8|1sl ' D W '_; 4:)mprovement occur
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h.800 - 12(cwl A B \_w Pae? | m o R/: 4156 mt= 2.’208
2 600F ( iy ! — N8l 2] r/fa=0.63
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;CO.OO - L.l P | |I L | | | |--l--l L ] | L1 1 | ;

_ Ll .’
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« H.Lee (NFRI), K.Ida et al., PPCF 55 (2013) 014011
- K.daetal, PRL 111 (2013) 055001 efc... 1q j1y



Calculation procedure of TASK3D-a02

LHD Data interface

~

" 3D equilibrium W( Heating (NBI) [  Experimental
energy/momentum
- All the timings —~\ | multiply each port- balance
Pressure/Current || @strong Thomson laser through power
specified with TSMAP ||~ ; :ytransg_s:
N\ / nb*pwr (1~5) ytraji\s =
TP fitad | | ¢ \
tswpe VMEC > vy conv_fit3d | | dytrans |
Te(reff 7/}
[ wout (VMEC) trsnap ]
\ N /
\ \
_ cxswpib | Boozer ‘| fit3d_sd
cxswpi? \I, \\
- i [ newboz.dat ] \ Slowing down
\_ 7 :\T y accounted
. ‘ P y Ty v on energy and
v ’ ‘\ fitad ImMw _| @ momentum
. L A AN ST
P ,” . e N \
@02 |\ Confinementdatabase Y Heating (ECH) ~~~_.]| | Neoclassical diffusion/amb.Er
- registration \ T
\ travis | echpw gsrake |
giota | ceff L
travis 4
¥ neutral at core plasma
| ish-cdb | data format All the timings | aurora |
module @strong Thomson laser
“output - J \ J
eg file
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R . . T[A)]
Extension of TASK3D-a - “Numerical LHD” g

unified basis for LHD plasma analyses

Equilibrium/ [ Direct/indirect }
Profiles g transport §

Heatmg implementation
NBI gafiles ~ dytrans PJﬁpSSrJ‘ﬁ‘imW
[ hfreya ] [ vmec ] dynamic transgort
. fit3d | [newboz] _ trsnap | sfincs

_conv_fit3d | a0l LS::.:el(rzy 5862 ' fotrec-3d

E/Cﬁ NC diﬁusi&n/ EP/AE

[ travis ] ambipolar Er [ 2e3d ]
__giota [g;;onr:ut] deltasd |
_ish-cdb Cor: Edge Physics

~lingy,* | EMC3/EIRENE |
‘Numerical LHD” will be pursued through the extension of TASK3D-a
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) Summary

TASK3D has been programmatically developed
as “extension” of TASK to LHD Plasmas

Analysis Suite, TASK3D-a, has been utilized to conduct
automated energy balance analyses of NBI-heated LHD plasmas

(now including ECH in a02)

There have been already a number of contributions to LHD
papers by providing “nucleus” results

International collaborations have also been conducted

X TECHX @ gconsorzorex

TRANSP-TASK3D collaboration based on this TUG Meeting is

anticipated !
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) Description on modules implemented in task3d-a01 5

Function

3D Equilibrium

Heating

Energy balance

Energy and
Momentum
balance

Code

VMEC

BOOZER

fit3d

Conv_fit3d

TRsnap

dytrans

Functions, Remarks

It calculates MHD equilibrium (fixed boundary). The VMEC equilibrium database for
TSMAP has been prepared with VMEC2000_8.0. The equilibrium solution used for
each time slice is re-calculated by utilizing parameters of so-called “best-fit” TSMAP.

It performs the mapping from VMEC coordinated to Boozer coordinates.

It was developed (“reduced” version of GNET) to evaluate radial profiles of NBI
absorbed power, beam pressure, beam source and induced momentum. The
calculation consists of three parts:

*HFREYA: calculations of the birth profile (from the generation of the beam particles in the beam

source to ionization in the plasma)

*MCNBI: birth-ions are followed (shorter than the energy slowing-down time, but longer than the

orbit effects such as prompt loss can be reflected)

eSteady-state solution of Fokker-Plank equation is obtained analytically without orbit effects taken

into account

It has been developed to evaluate the NBI absorbed power and induced momentum
by taking the beam slowing down (SD) effect into account, based on fit3d (SS) results.

It has been modified based on TASK/TR to evaluate steady-state energy balance.

NB.) currently (in task3d-a01),

*Pin,e is evaluated just for NBIl. ECH and ICH have not been available. Other losses

(=negative contribution) like radiation loss have not been included.
e energy-transfer considered.

It evaluates “dynamic transport”, in which energy flows due to the temporal variation

of plasma profiles are also taken into account.
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@™ Example of “eg” file

VOED )
—

# [Parameters]
# Name = " THOMSON'
# ShotNo =130000
# Date ='01/23/2015 09:53'
#
# DimNo =2
# DimName = 'Time', 'R’
# DimSize =418, 140
# DimUnit = 'ms','mm’
#
# ValNo = 6
# ValName = 'Te', 'dTe’, 'n_e', 'dn_e', 'laser’, 'laser number'
# ValUnit = 'eV', 'eV', 'arb’, 'arb’, 'arb’, 'arb’
#
# [Comments]
# Calibrated By Rayleigh scattering but not yet fully accurate.
# High Voltage is set at 0.90 times
#
# time(ms) Radius(mm) Te(eV) dTe(eV) n_e(arb) dn_e(arb) laser power(arb) laser number
# [data]
33,2420, 9, 3, 14, 3,1056,2
33,2445,12702,30574, 54, 21, 1056,2
33,2471, 25,99999, 1, 2,1056,2
33,2496, 14, 9, 53, 15,1056,2

"""""""""""""""""""""""""" 17 /14
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B Computational time of TASK3D-a01

5
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_ fit3d | c— IIIIIII'—-———“-"llll
SS solution of the Fokker-Planck eq., based on

the birth profile of fast ions calculated by the

Monte-Carlo method AJ| the timings @strong
Thomson laser

Efast-ion

Ebeam (=evbeam )

177
\—.m
i

__conv_fit3d

Correction due to SD process:
transient phase where the SD time is
comparable to the confinement time.
e just after the onset of the NBI especially
v in the low density discharge
v density decay phase after the pellet
injection
NBI group = code modification by simulation G. 2 implementation 19 /14




) TASK3D-p: HENDHRERELTVE b

TRANSP SIMULATION

D.L. JaSSby et a PF BS (1991) 2308

A Pred I Ctl O n 7 4-_ Measurement \ ‘ '_ Qsmifi:o -3
LHDE?K?%E% FFHR-d1AAKEGI—7 vk & ~ ] g -5
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EKRER: (2R bt FRER T O E
wﬁ%w—w%ﬁ g1
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FRICHB T AT RILF—/INTU AL DI&ES e
(IAEA—NF&® IR H ) I
o RLYFAFHNGSETIIL)LMBEKEINTLNS b
[ n(p, t+A4t), T(p, t+At) ] ?E%iéll’:"g ) )
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T.Goto et al., IAEA-FEC NFERiX/RFEK 20 /14
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