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TASK code

e Transport Analyzing System for Tokamak

e Modules
TASK/EQ| 2D Equilibrium Fixed boundary
TR 1D Transport Diffusive model
X 1D Transport Dynamical model
FP| 3D Fokker-Planck | Bounce averaged
WR| Ray/Beam Tracing EC, LH
WM Full Wave IC,AE
DP| Wave Dispersion Various models
LIB| Common Library
PL| Data Conversion | Profile database
e [eatures:

modular structure, various H&CD scheme, high portability,
development using CVS, extension for helical plasmas
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TASK/TR
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Simulation of Current Hole

® Current ramp up: /, = 0.5 — 1.OMA

® Moderate heating: Py = S MW

® Current hole is formed.

® The formation is sensitive to the edge temperature.
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Transport Model

¢ 1D Transport code (TASK/TX) Ref. Fukuyama et al.

® Two fluid equation for electrons and ions

° Flux surface average
© Coupled with Maxwell equation
© Neutral diffusion equation

® Neoclassical transport
° Included as a poloidal viscosity term
© Diffusion, resistivity, bootstrap current, Ware pinch

®* Anomalous transport

© Current diffusive ballooning mode
© Ambipolar diffusion through poloidal momentum transfer
© Perpendicular viscosity



Model Equation (1)

® Fluid equations (electrons and ions)
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Model Equation (2)

® Neutral Transport

* Maxwell equations
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Transport Model (1)

® Neoclassical transport

°© Viscosity force arises when plasma rotates in the poloidal direction.
© Banana-Plateau regime

*
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® This poloidal viscosity force induces

© Neoclassical radial diffusion
© Neoclassical resistivity

© Bootstrap current

© Ware pinch



Transport Model (2)

® Turbulent Diffusion

° Poloidal momentum exchange between electron and ion
through the turbulent electric field

°© Ambipolar flux (electron flux = ion flux)
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¢ Perpendicular viscosity

© Non-ambipolar flux (electron flux # ion flux): u, = constant X D
e Diffusion coefficient (proportional to |[E|%)

© Current-diffusive ballooning mode turbulence model



Modeling of Scrape-Off Layer Plasma

¢ Particle, momentum and heat losses along the field line
° Decay time

0 O<r<a
Vi, = Cs

2nrR{1 + log[1 + 0.05/(r — a)]}

(a<r<b)

© Klectron source term
Se = no{TionV e — VL(Me — Ne div)
® Recycling from divertor
© Recycling rate: yo = 0.8

© Neutral source

Yo 1 Py
SO — Z VL(ne - ne,div) - Z n0<0-ionv>ne + E_b

® Gas puff from wall



Transport Model

¢ 1D Transport code (TASK/TX) Ref. Fukuyama et al.

® Two fluid equation for electrons and ions

° Flux surface average
© Coupled with Maxwell equation
© Neutral diffusion equation

® Neoclassical transport
° Included as a poloidal viscosity term
© Diffusion, resistivity, bootstrap current, Ware pinch

®* Anomalous transport

© Current diffusive ballooning mode
© Ambipolar diffusion through poloidal momentum transfer
© Perpendicular viscosity



Dynamical Transport Equation: TASK/TX

®* Bounce-averaged transport equation (electron, ion)
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Simulation of plasma rotation and radial electric field

¢ JFT-2M parameter: NBI co-injection — counter-injection
® Toroidal rotation — Negative E, = Density peaking
e TASK/TX: Particle Diffusivity: 0.3 m?/s, lon viscosity: 10 m?/s

. (2) uif(oz) [1:<m:/ 5]:

. SREINE (c) ne [10%°m™) .




Comparison with JFT-2M Experiment

¢ JFT-2M Experiment: Ida et al.: Phys. Rev. Lett. 68 (1992) 182

® Good agreement with experimental observation
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Typical Profiles

Edge Temperature Dependence
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Transport Modeling in Helical Plasma

® Neoclassical toroidal viscosity

* Negative magnetic shear

® Preliminary Result

© NBI heating (P = 5MW) : Order of magnitude slower rotation
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ECCD analysis : TASK/WR/FP/DP

¢ Geometrical Optics: TASK/WR

© Ray Tracing Method:
— Plane wave: beam size d > A wave length
°© Beam Tracing Method

— Analysis of wave propagation with finite beam size
— Beam shape : Gaussian beam

E(r) =Re [C(r) e(r)e iS(r)—qﬁ(r)}

- C: amplitude, e: polarization, s(r) + 1¢(r): phase

1
s(r) = so(7) + KT)[r — r§(0)] + S Saplr” = (@117 - 7(1)]

1
(1) = Sdoplt” = GO - ()]

- ro. position of beam axis, k°: wave number on beam axis

. Curvature radius: R, = 1/1s,,, Beam radius: d, = V2/¢q.
— 18 Ordinally Differential Equations for r,, k., sop and @g,



Fokker-Planck Analysis : TASK/FP

* Fokker-Planck equation for velocity distribution function f(py, p., ¢, 1)

%,
2=+ + 0 + L)

© E(f): Acceleration term due to DC electric field

° C(f): Coulomb collision term

° O(f): Quasi-linear term due to wave-particle resonance
° L(f): Spatial diffusion term

® Bounce-averaged: Trapped particle effect, zero banana width
® Relativistic: momentum p, weakly relativistic collision term
* Nonlinear collision: momentum conservation, energy conservation

* Three-dimensional: spatial diffusion (classical, neoclassical, turbulence)



Wave Dispersion Analysis : TASK/DP

¢ Various Models of Dispersion Tensor ?(w, k;r):

° Resistive MHD model

© Collisional cold plasma model

© Collisional warm plasma model

o Kinetic plasma model (Maxwellian, non-relativistic)

© Kinetic plasma model (Arbitrary f(v), non-relativistic)

© Kinetic plasma model (Arbitrary f(v), relativistic)

° Gyro-kinetic plasma model (Maxwellian, non-relativistic)

© Gyro-kinetic plasma model (Arbitrary f(v), non-relativistic)

¢ Arbitrary f(v):

© Relativistic Maxwellian
° Qutput of TASK/FP



Analysis of ECCD by TASK Code

Poloidal angle 70°
Toroidal angle 20°
Initial beam radius 0.05m
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Full wave analysis: TASK/WM

®* magnetic surface coordinate: (¢, 6, ¢)

¢ Boundary-value problem of Maxwell’s equation

(,4)2

V><V><E:§€-E+ia),u0jext

e Kinetic dielectric tensor: €
° Wave-particle resonance: Z[(w — nw.)/ kvl
© Fast ion: Drift-kinetic

0 €y 0
—+ Vi +a+ve) V+—WE +ve-E)—| fo =0
ot My, oe

¢ Poloidal and toroidal mode expansion

° Accurate estimation of k;

® Eigenmode analysis: Complex eigen frequency which maximize wave ampli-
tude for fixed excitation proportional to electron density



Eigenmode Structure in Reversed Shear Configuration
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Excitation by Energetic Particles (¢min

e Without EP

e With EP
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1 Coordinates

1.1 One dimensional

RHO Radial (p) Square root of the toroidal magnetic flux nor-
malized by the value on a plasma surface: p =

U /WUt|surface; p = 0 on the magnetic axis and

p = 1 on the plasma surface.

1.2 Two dimensional

RZ Cyrindrical (R, Z)
RT Toroidal (r,0)
RC Flux (p, x)

1.3 Three dimensional

XYZ Rectangular (X,Y, Z)

RPZ Cyrindrical 1 (R, ¢, Z)

RZP Cyrindrical 2 (R, Z, ¢)

RTP Toroidal 1 (r,0, ¢)

RCP Flux 1 (p, x, ®) VMEC
RCX Flux 2 (p, x,§) Boozer



2 Data Interface

2.1 Device data

RR
RA
RB
BB
RKAP
RDLT
RIP

Rm
am
bm
bT

K

)

I, MA

2.2 Magnetic field data

2.2.1 Tokamak

PSIP
PSIR
PPSI
TPSI
gPSI

VYp(R, Z) Tm?
¥(p) Tm?
p(p) MPa
T(p) Tm

q(p)

Geometrical major radius

Average minor radius (Rmax — Rmin)/2
Wall radius

Vacuum toroidal magnetic field at (RR,0)
Elongation of plasma boundary
Triangularity of plasma boundary

Typical plasma current

2D poloidal magnetic flux
Poloidal magentic flux
Plasma pressure

Safety factor

2.2.2 Tokamak with toroidal rotation

2.2.3 Helical magnetic field

2.3 Fluid plasma data

NSMAX
PA

PZ
PNR
PTR
PUR
AJTOT

s
As
Zs
n(p) 102°m?
T(p) keV

uslp) s
Jtot(p) MA /m?

2.4 Kinetic plasma data

FP

f(pa 9127 P)

2.5 Wave field data

2.5.1 Local wave field

CE
CB

E(p,x.€)

—

B(p,x,¢)

Number of particle species
Atomic mass

Charge number

Number density
Temperature

Toroidal rotation velocity
Toroidal current density

momentum distribution at theta = 0

Complex wave electric field
Complex wave magnetic field



2.5.2 Ray trajectory

RRAY R(¢) R of ray at length ell

ZRAY Z(0) Z of ray at length ell

PRAY o(0) ¢ of ray at length ell

CERAY E(0) Wave electric field of ray at length ell
DRAY d(0) Beam radius at length ell

VRAY u(0) Beam curvature at length ell



3 Program Interface

3.1 Initialization

BPSM_INIT(’XX’) Initialize module XX by setting default values
BPSM_RESET(’XX’) Set initial profile to variables in module XX

3.2 Execution

BPSM_EXEC(’XX’) Exec module XX
BPSM_ADVANCE (° XX’ ,DT) Advance module XX with time step DT sec

3.3 Termination

BPSM_TERM(’XX’) Terminate module XX

3.4 Data transfer

BPSM_SET1(’VAR’ ,VAR,NVAR1)
BPSM_SET2(’ VAR’ ,VAR,NVAR1,NVAR2)
BPSM_SET3(’VAR’ ,VAR,NVAR1,NVAR2,NVAR3)
BPSM_SET4(’VAR’ ,VAR,NVAR1,NVAR2,NVAR3,NVAR4)
Set multi-dimensional variable VAR

BPSM_GET1(’VAR’ ,VAR,NVAR1)
BPSM_GET2(’VAR’ ,VAR,NVAR1,NVAR2)
BPSM_GET3(’VAR’ ,VAR,NVAR1,NVAR2,NVAR3)
BPSM_GET4(’VAR’,VAR,NVAR1,NVAR2,NVAR3,NVAR4)
Get four-dimensional variable VAR

3.5 Data allocation (F95)

BPSM_ALOC1(’VAR’,VAR,NVAR1)
BPSM_ALOC2(’VAR’ ,VAR,NVAR1,NVAR2)
BPSM_ALOC3(’VAR’ ,VAR,NVAR1,NVAR2,NVAR3)
BPSM_ALOC4 (’VAR’ ,VAR,NVAR1,NVAR2,NVAR3,NVAR4)
Allocate multi-dimensional variable VAR

BPSM_FREE(’VAR’,VAR) Free variable VAR





