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The new TASK/TR

Basic equation

The basic equations still remain 1D diffusive transport
equations; density, energy and magnetic diffusion
egautions.
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D: particle diffusion coef. x: thermal diffusion coet.
©: norm. radius < > denotes the flux surface average.

Finite Element Method

- The core part of caluculation has been written based
on FEM from scratch.

- FEM makes it easy to vary the width between each
grid point.

Multi species

- New version can treat electron, ions, impurities,
neutrals in the same manner.

- Fast and slow particles are regarded as different
particle species even if they are the same ones.
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Directory structure

The directory structure of TASK/TR new version

trn/trcore

Core directory of TR
solving transport
equation by FEM

e T

other modules :
l in TASK '

global variables
module

time evolution
loop

nonlinear
iteration loop

trn/trsources trn/trmodels trn/trufile trn/trgraphics
heating and turbulent and UFILE input graphic output
fission power neoclassical
transport
trn/trcore
_____ equilibrium
trinit | _____ I code
_»i trufile :
1 trufile i P .
! | i— ----- >i trsources |
Tt % . r-—» [trsources |
trmenu | trgraphics L \ /
— | .
' Jtrgout i ==t
trcomm S —— I : »E trmodels |
| 1 ftrooef
y I - )
»  trcalct }-—-—' I
\ L1
trloop /—*ﬁ trcalc2
< trstep
\ / \ /

FEM matrix
solver

global variables
module

trcalv

trn/trmodels - b

i trcore/trcalc
model interface

trcoef

Pereverzev
method

e

numerical stabilization
routine

And others

- Portable structure of souce term calculation

routines

transport models

CDBM model
module

GLF23 model
module

mixed Bohm/gyro-Bohm

model module

mmm95 model
module

NCLASS model
module

overall view

e Source codes are
seperated into 5 dirs.
according to their functions.

the core directory

¢ Global variables module
e Main execution part
consists of trloop, trstep
and trexec.

the directory of
transport models

® Several models can be

called in the same manner
through the interface
routines.

- More turbulent models has been implemented.

- Simple and tidy code structure for given profiles; experimental and

artificial

profiles.

Numerical stabilization

When ¥ is calculated by stiff model, the non-linear
iteration does not converge for large time steps.
Then the size of time step must be very small for
stable calculation.

— very time consuming

Numerical stabilization scheme [1]

In numerical calculation V is evaluated at a previous time
step, then additional non-zero term contributes the numerical
stability.

Mathematical equivalence
Typical trasnport equations
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are formulated as element equation of FEM as follow.

Considering the mathematical equivalence of the systems in steady
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state, additional terms must vanish in nodal equations in FEM.
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Assuming an expression for V as follow,
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we can determined the expression for X... with the use of (*).
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Here superscript j denotes the value at previous time step, and

subscript i the position in radial mesh.

Benchmarking by GLF23 model
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New scheme gives the smooth

solutions and less iterations.
This scheme is very effective
to solve transport egn. with stiff
models (GLF23, Weiland etc.).

Preliminary caluculation

We solved energy transport egn. with four turbulent trasnport models.
In this results, neoclassical transport is not included.
Parameters: R = 3.0 [m], a = 1.0 [m], parabolic heating profile.
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CDBM model [2] ;' N T I N
- Current diffusion driven by Ea | 2

electron viscosity 1 AN

- The amplitude of fluctuations is

determined by the stability limit
where the growth rate becomes
Zero.

GLF23 model [3]
- Based on ITG mode and TEM

A numerically stiff (caritical

temperature gradient model)

- Eigenvalue problem for spectral
of 20 modes.

mixed Bohm/gyro-Bohm model [4]
* gyro-Bohm like transport :

Heat diffusion coefficient y is

proportional to the normalized radius

p*.
- Bohm like transport :

[m2/s]

Turbulent scale length is proportiional

minor radius a.

MMM95 model [5]

This model is a combination of

[keV]

theory baced transport models:
« Weiland model (ITG, TEM)
- Guzdar-Drake model

(drift-resistive balloonig modes)

[m2/s]

- kinetic ballooning modes.

Future Tasks

1.5D trasnport simulation

- solving magnetic diffusion equation.
- more realistic heating profile (commonalize heating module with TASK/TX)
- coupling with equilibrium code (TASK/EQ, EQU, VMEC)

Comparison with experimental results

- For existing large tokamaks, JT-60U, JET, TFTR etc. (from the
International Multi-tokamak Confinement Profile Database)

- Compare deviations of incremental energies and temperature

- L-H transition(ETB) and formation of ITB

Comparison with TASK/TX

- TASK/TX is 1D dynamic transport code (solving toroidal and poloidal
rotation).

- Compare the results and examine the effect of radial electric field and
plasma rotation
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