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* NBI setup routine = fills input CPO nbi

« Standalone Test Bed for NEMO = produces CPO distsource
* The Kepler NBI test workflow

« Summary and prospects
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« Geometry of the injector:

=>position, tangency radius,

angle,direction, divergence,
focal lengths, beamlet positions.

Mireille Schneider — ITM general meeting - Lisbon

13-15 Sept. 2010 2



The NBI output CPO distsource |
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Fainter to the source spacies

e Plasma composition
 Pointers to injected species

e Scalar quantities: source power
and source rate

1D profiles: toroidal flux coord.,
power density, source rate

e 4D source matrix: source of
particles (ndiml1,ndim2,ndim3,ndim4)
and its associated vectors

e Source as a set of test particles and
Its associated vectors
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The NBI source model in NEMO |

NEMO is based on the narrow-beam model first seen in
Y. Feng et al, Comp. Phys. Comm. 88 (1995) 161-172].

Neutral beam = punctual source
+ angular divergence
+ 2D Intensity distribution.

= Simplified geometry:
Ay
Angular i

divergence 4 |p
tj::\\i\’f*[% Tajector,
, ;{;N Punctual
- source
%\A X \

2D intensity distribution
to calculate
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NEMO input |

Plasma geometry: Plasma kinetics:

e Plasma major & minor radius « Radial coordinate vector
« SOL radius or (R,Z) wall coordinates « Plasma volume profile
* 2D toroidal flux coordinate in (R,Z) grid e n_, n,, T, T, profiles

* Bg, B, B,, of the magnetic field * Mass & charge of plasma
* Direction of B and I lon species

Beam geometry: Beam parameters:

* Number of beams in the injector « Power on each beam

e Tangency radius of each beam « Energy of injected neutrals

* X, Y, Z, R coordinates of each beam « particle fraction per energy
* Angle between beam and Z-midplane « Mass & charge of injected
e Horizontal & vertical focal distances neutrals

 Beam divergence (rad)

« Width & height of each beam source

* Directivity
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NEMO output|
Profiles:

e Radius coordinate vector

» Heating profile per energy and beam
e Power profile per energy and beam
e Pitch profile per energy

» Torque profile

Scalar quantities:
 Particle shinethrough per beam
* Power shinethrough per beam

Deposition matrix and associated vectors:

e Deposition 5D matrix (beam,E,R,Z,pitch)
* X, Y, Z, R, pitch vectors associated to birth matrix

Mireille Schneider — ITM general meeting - Lisbon 13-15 Sept. 2010 6



CPO implementation in NEMO |

nemo_cpo(equi_input, corep_input,nbi_input, nbl_uutputL_\\ NEMO beCOmeS

T e L e e e E L P e L L e L L L P L CEEPRLED a subroutine
! PURPOSE: CALCULATE INITIAL DEPOSITION OF NEUTRAL BEAM PARTICLES

! AS WELL AS THEIR DISTRIBUTION FUNCTION

| e eeeeeeeeeeesesssasasasssasssasssssaeas Specific routines
mod io management I
mud:geﬁera'l to r_ead Inlet
variables
| READ INPUT VARIABLES from CPOs

read_geoplasma_cpo(corep_input,equi_input, geoplasma) SpeCifiC rOUtine
read kinplasma cpo(corep input,equi_input, kinplasma) to Write OUtpUt
read geoparbeam cpo{nbi_input, geoparbeam) . .
read results cpo(equi_input, results, kinplasma%species number) Vanable Into CPO

(*,*) "- WRITE OUTPUT VARIABLES'
write results cpo(geoparbeam, results,equi_input, corep_input,nbi_output)
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The NBI setup routine|

Purpose: to fill in the nbi CPO structure needed as input for
an NBI source code (note: official machine descriptions for
NBI injectors are not yet available; for now the relevant data
are therefore set in nbisteup)

nbise@p_input, nbi_cpu
euITH_schemas \ ]
™ e requires coreprof CPO

integer:: nbtime, nrho,nspec,idxtime, npini,ipini,ibeamlet, itest ° ertes n b I C PO

integer:: idx,shot, run, refshot, refrun, i, nbeamlets, k, i tokamak

double precision:: source width,source_height
double precision:: y_beamlet_min,y beamlet_max,z_beamlet_min,z_bed
double precision, (:), {1 X_source,y source,z
double precision, (:,:), :: x_beamlets,y bea
double precision, {:,:), 38 r_beam'l.ets,phi_bg

I ' FILLING INPUT NBI STRUCTURE
type (type_coreprof), :: corep_input(:)
type (type_nbi), :: nbi_cpo(:) nbi_cpo(l)%setup_inject%beamlets%position%sr

nbi_cpo(l)%setup_inject%bheamletsS%positionkz :
nbi_cpo(l)%setup_inject%beamletsSposition%¥phi =
e Calculates widthand «— |
height of beam source from T SLiR
beam I ets, COO rd I N ates . (i:gl_(zggl((l)%h;{fe_cf révalue(ipini)

r_beamlets
z_beamlets
phi_beamlets

= 0.
- nbi_cpo{l)%thirde_cfrivalue(ipini) = 0.
. . < nbi_ cpo(l)%pow unit%value(ipini) = 2.0625eb
L Fl” the nbl CPO Structure nbi_cpo{l)%inj eng unit%value(ipini) = 1.e6
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The NEMO standalone Test Bed|

Purpose: to read required CPOs from database and to call
NEMO in order to fill in the distsource NBI output CPO.

plug

eulTH_schemas |
eulTH_routines

The Test Bed Is a main program

which calls

NEMO as a subroutine.

euITH_schemas
euITH routines
none
type (type_equilibrium),
type (type_coreprof),
type (type_nbi),
type (type distsource),
nemo_cpo

/Mn( ‘euitm®,5,65,1idx)
euitm get(idx, 'equilibrium’,equi_input)

euitm_get(idx, 'coreprof’, corep_input)

euitm_get(idx, 'vessel’,vessel_input)
W(idx, "limiter’,limiter_inp

{equi_inputlt(1))
{corep_inputlt(1))
(nbi_inputlt(1))
(nbi_outputlt(1))

:: equi_input(:)
:: corep_input(:)
:: nbi_input(:)

:: nbi_output(:)

NEMO | :
. O interface:
nemo_@put,corep_input,nbi_input,nbi_g%) g requ I reS eq U I I I b rl U m y

coreprof, nbi CPOs
e returns distsource CPO

| reads input CPO from
local database

\

nemu_cpo(equi_@utlt ,corep_inputlt,nbi_inputlt, nbi_outputlt)

_/
. calls NEMO to fill in

the distsource CPO.

Mireille Schneider — ITM general meeting - Lisbon

13-15 Sept. 2010 9



The NBI test workflow In Keplerl

Run from 0.1s to 2s with
At = 0.2s to be written in I |
local database shot #50002.(  FZ5 | A

vance time of dt_in n NBISETUP"

DDF iirecwr 1_* {time=in.time+dL_in,cpos=in.cpos}

"NEMQO" actor: fills actor: fills
distsource CPO nbi CPO

erunwork_in: 2

®runout_in: 3

edi_in: 0.2

etbegin_in: 0.1

®tend_in: 2

DDF Boolean Select

&

1
=
>
'y

B Ny Pwi
;p_._._
A°

Test continuation of time loop

Qutput run number

Extract output CPO

4

Disilai whilw output CPQ

CPO readout from Time loop Output CPO distsource
local database shot #50065: management writt%n in local database
time, coreprof, equilibrium shot #50002

coreprof Initialise time + merge with CPO
gqunih,-mm_EI {time= tbegin_in.cpos={{posine{corwzcorep rof_in, equil... %
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Composite actor containing NEMO|

Extract input CPO
in.cpos.cposin

Merge time and CPOs
\ 1 before leaving

Tooonrerge time and CPOs
(r - | {time=timein,cpos={cposin=cposin,cponbi=cponbi_in, cposrc...
]

out

Extract equlibrium input CPO
in.cpos.cposin.equilibrium

Extract coreprof input CPO

iﬂ.CDDS.C[]DSiﬂ.COFEpFUf

Extract src input CPO

in.cpos.cposrc

Extract time

o Fortran NEMO
e == wrapper: fills

L \E/ " distsource CPO.

i Ef Configure porisitor NENMO —r—r=y
Extract time and

Input | Qutput| Multiport Type | Directian Showe Mam e Hide nits
. DEFALILT ]
- DEFAULT N
input/output CPOs: E-EE-E=. 0
equilibrium, DEFAULT 0
f, nbi - e :
I ¥ = DEFALLT
COTEPTOl, NDI = DEFALLT O
distsource ; _
| Cammit | | Apply | | Add | | Remowe | | Help | | Cancel |
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Run of the NBI test workflow

A/ BERSIST £5] BCTET (2 S 11N e ) LI SRLX)

cfioz = {cponhbi
pos ={cponbi
pos ={cponbi
cpos ={cponhbi
cpas = {cpanbi
cpos ={cponbi
cpos = {cponhbi
pos ={cponbi
oz ={cponbi

fcpo ="careprof, idx = 7, accurrence = 0, run = £, shot = 5}, cpozsin = {coreprof ={cpo ="coreprof, idx = 7, occurrence = 0, run = 2, §
"caoreprof, idx = 7, occurrence = 0, run = 2, zhot = 5}, cpozin = {coreprof = {cpo ="coreprof, idx = 7, accurrence = 0, run = £, 3
"careprof, idx = 7, occurrence = 0, run = 2, thot = 5}, cposin = {coreprof = {cpo ="coreprof, idx = 7, accurrence = 0, run = 2, 3
"careprof, idx = 7, occurrence = [0, run = 2, zhot = 5}, cpozin = {coreprof = {cpo ="coreprof, idx = 7, accurrence =0, run = 2, 3
"carepraf”, . fcpo ="coreprof’, idx = 7, accurrence = 0, run = 2, 3
LLareprof, fcpo ="coreprof, idx = 7, accurrence = 0, run = 2, 3

™, 10 tl me Ste pS from O . 1S fcpo ="coreprof', idx = 7, occurrence = 0, run = 2, 3
"careprof", {cpo ="coreprof', idx = 7, occurrence = 0, run = 2, 3

"careprof, to 25 Wlth A‘t:O . 28 fcpo ="coreprof, idx = 7, accurrence = 0, run = 2, 3

cp ={cpo ="careprof”, fcpo ="coreprof’, idx = 7, accurrence = 0, run = 2, 3
| »
[javal hej i setup _trees/test/4.08a/mdsplus/0>1s -1lrt
[javal nbtime = 1
[javal nrho = 50 NEMO usua| Output Jul 6 13:21 ITMv1
[javal nspec 4 Jul 7 13:08 euitm_50065.characteristics
[javal = Jul 7 13:08 euitm_50065.tree
[javal/” START OF NEMOD rT]EBSSSSEig)EEE; Jul 7 13:08 eujis= : ¥
[jayd]l - READ INPUT VARIABLES Sep 9 09: euitm 50003.tree
[jAval - CALCULATE BEAM DEPOSITION Sep 9 09 euitm_50003.datafile
[faval Mumber of running PINIS = 1 Sep 9 09: euitm 50003.characteristi
[faval Total injected power = 2.063 MW _trees/test/4.
[faval Inj 1: P = 2.063 MW - E = 1600.008 ) keY - n = 0.129E+20 s5-1
aval oo /
[] INJECTOR 1 -
[jav * Energy fraction 1 , Power a bitAoo low == Norm. = 1.0889 \/\/rltEE t()
[javal \- WRITE OUTPUT VARIAEBLES
[javal  EROQE NEHD local database
e
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Summary and prospects |

e NEMO (NEutral beam MOdelling) NBI source code ported to
the ITM gateway (gforge project = nemo), CPOs implemented,
standalone Test Bed created, kepler actor created, NBI test
workflow created and running.

=>The same will be done for following Fokker-Planck codes

e SPOT (Simulation of Particle Orbits in a Tokamak):
orbit following Monte Carlo code for fast ion trajectory
(gforge project = spot)

e RISK (Rapid lon Solver for tokamakKs):
bounce-averaged Fokker-Planck solver for fast ions
(no gforge project yet)

= This will create a complete NBl modelling
capability for the ITM!
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Workflow coming to a Kepler near you soon!

wrunwork_in: 7
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extragk time
1§

CompositeActor-
extract valses fram
the distribution CPO

Composite ActdN- cantains
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