COMPASS

INSTITUTE OF PLASMA PHYSICS ASCR

PLEQUE

PLasma EQUilibrium Enjoyment
in Python

Lukas Kripner? 2, Matéj Tomesl): 2, Ond¥ej Grover 2,
Ondfej Ficker 2, Jakub Urban 2, and others

Katedra fyzik povrchi a plazmatu
Matematickofyzikalni fakulta, Univerzita Karlova,
Praha

COMPASS tokamak
Institute of Plasma Physics of the CAS, Prague

Chata Vilemina/ Seminar KFPP MFF / 17th January 2018




Z[m]

0.4

0.3 4

PLEQUE

Lukas Kripner, Matéj Tomes, Ondrej Grover, Ondrej Ficker,

Jakub Urban, and others

PLasma EQUilibrium Enjoyment

0.4 0.6
R [m]



COMPASS Plasma equilibrium

INSTITUTE OF PLASMA PHYSICS ASCR

JXB=VP Grad-Shafranov equation:
e eaulibri of j | -y , ,dp fdf
quilibrium of a magnetically confined plasma is defined by the A 1/) — OR —_—
magnetohydrodynamic (MHD) equations. dl/) dl/)
e Equilibrium requires external poloidal magnetic field. 2
* For stationary conditions (compared to the Alfvén time scale) and the % a 1 a a
axial symmetry, the Grad-Shafranov equation can be derived: A" =R BR R aR + ﬁ

Y = poloidal magnetic flux
p = plasma pressure

f:RB(p




COMPASS How to obtain an equilibrium?
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* Fix/free boundary codes (CHEESE, HELENA, FREEBIE,

FIESTA’ etC.) Geome:try of coils
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It is actually pretty useful
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Copy/passed from: Jardin, S.: Computational Methods in Plasma Physics
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COMPASS CDB /

V(R Z), f(Ynk) p(Wnik) JET DATABASE/ : OMAS
first wall ' (planned in v0.1.0)

PLEQUE

OMAS g-file (on request, will
(Ordered Multidimensional Array Structure) be in v0.1.0)

NetCDF
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% COMPASS

CDB g-file Fiesta g-file

# CDB

from pleque.io import compass from pleque.io import compass

# shot, time from pleque.io.readers import read geqdsk

eq = compass.cdb (17829, 1100) fiesta file = '/compass/Shared/Common/COMPASS-
eq = read geqdsk( UPGRADE/RP1 ,\\

'Design/Equilibria/v3.1/baseline_eqdsk'
eq =
compass.read fiesta equilibrium(
fiesta file)
0.8

# from COMPASS HDF5: '/path_to_your eqdsk file/shot.eqdsk’)

eq = compass.read efithdf5
' /compass/CC1l8_CDB_data/17829/EFITXX/EFITXX.1.h5"'
, time=1100)
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%2 :
C\é COMPASS Coordinate systems

— 2D — 3D

* (R, Z) —tokamak axis * (R, Z o)
e (r, ) — magnetic axis e (X,Y,2)
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Create coordinates:

# most of the functions has a special head:

def coordinates(self, *coordinates, coord type=None, grid=False, **coords):

# 2d
coord = eg.coordinates

(R=1, Z=2) # one point
coord = eg.coordinates(
(
(

2, 31, [3, 5, 61) # implicitly
coord = eg.coordinates

=
coord = eqg.coordinates(([1, 3], [2, 5], [3, ©

1, 2, 31, 7z2=[3, 5, 6]) # explicitly define the type
1)) # as set of points

coord = eqg.coordinates(r=[0.2, 0.3, 0.3, 0.2], theta=[0, pi/2,

(R, Z)

pi, 3/2*pi])

# 1d
coord = eqg.coordinates (psi=[0.4, 0.35, 0.3, 0.2, 0.15])
coord = eqg.coordinates (psi n=linspace (0, 1, 10))

# 3d case

coord = eg.coordinates (X=linspace(l, 5, 11), ¥Y=zeros(ll), Z=zeros(1l1l)
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COOI‘dlnateS 2D - coordintares
Accepted coordinates types Coordinate CCode | Note
(R, Z2) R, Z Default 2D coordinate
1D - coordinates
(r,0) r, theta Polar coordinates with respect to magnetic axis
Coordinate ‘ Code ‘ Note .
3D - coordinates
PN psi_n Default 1D coordinate
Coordinate Code Note
/':b psi
\/__ (R, Z, ¢) R, Z, phi Default 3D coordinate
P rho P = '¢'n
(X) Ya Z) X, Y, Z
coord = eqg.coordinates (X=linspace(l, 5, 11), ¥Y=zeros(ll), Z=zeros(ll)) # define 3D Coordinate object
r mid = coord.r mid r = coord.r
R = coord.R psi = coord.psi
X = coords.X

Lukas Kripner: PLEQUE module / IPP Prague/ 17th January 2019




COMPASS Magnetic field

INSTITUTE OF PLASMA PHYSICS ASCR

coord = eg.coordinates(
Bt linspace (4, 8.2),
linspace (-5, 5), [
MRS grid=True)
4 J JJ’ ~o % 4 '::
f # this return 2D array -
]

Bt = eqg.B_tor (coord)

/ - .

—_ S0 A

R J

Bp = eq.B _pol (linspace (4, 8.2),//////////*_4_
' 5, 5)

linspace (- ,

]
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# defa
grid =
J pol

4/_

psi =
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ult Coordinates grid
eq.grid()
= eq.J pol(grid)

— f1vl
Rug
 ?

grid.psi

Z [m]

Plasma current
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surf = eq.flux surface(psi n=0.8) [0]

dict (g = surf.eval q,
length = surf.length,
area = surf.area, 2 7
volume = surf.volume,
current = surf.tor current/le6)

Z [m]

{'q': array([-1.99901063]), =2 1
'length': 13.973753170736375,
'area': 14.311638142524348,
'volume': 554.01117642953955, —4 -
'current': 13.000279670184989}
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COMPASS 3D coordinates
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0.6 ~
# ( %, Yr z)
direction = array((-1, 0.6, 0.2))
0.4 A
1.0 1 — direction /= norm(direction) :
I
. I
0.5 - position = array((l1.25, 0, -0.1)) 0.2 4
1 -
Tl
0.0 A camera view = eq.coordinates ( 0.0 4 :\“~h
' position+direction[newaxis,:]* ' ]
linspace (0, 2.0, 20)[:, newaxis], \ +
—0.5 1 coord type=('X', 'Y', 'Z")) T\
\
\
—1.0 - T ‘\
plot (camera view.X, camera view.Y, 'x--' \
' ' ' ' ' label="'Chord of the view')
-1.0 -=0.5 0.0 0.5 1.0 —06 A

plotﬁzéig%a view.R, camera view.Z ; ; ; ;
— — 0.6 0.8 1.0 1.2

Side note: there is module pleque. spatran which can handle work with diagnostics much better (responsible person: Matej, to be presented)
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Profiles
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plt.plot(chord2.R, eq.fluxfuncs.test prof (chord2), grid = eq.grid()

', color='C4")
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ax.pcolormesh (grid.R, grid.Z,

eq.fluxfuncs.test_prof (grid))




% COMPASS Field line tracing
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6 =2
4
&
. —6 _
rs = np.linspace (8, 8.3, N) -4 _5 —d&?
zs = np.zeros like(rs) '*%h} a -6 -4 A
o 3] 8 -8
traces = eq.trace_field line(R=rs, Z=zs) -
4 6 8

for f1 in traces:
scatter(fl1.X, fl.Y, f£1.Z, s=0.3, marker='.")
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X [m]
# brentg = scipy minimization function ~ 0.6
~0.2 from scipy.optimize import brentg OQA
psi ong = brentqg(lambda psi n: =06, -Oggp
0.3 np.abs(eq.q(psi_n)) - 5/3, 0, 0.95) _0',\%9.,97})2 -0.4
0.4 0.6 -0.6

surf = eq. flux surface(psi n = psi onq) [0]

theta star = surf.straight fieldline theta
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