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Transport Solvers in TASK

e TASK/TR: Diffusive transport equation

o FDM: Finite difference method
° Full implicit method:
— Nonlinear equation solver: Simple Picard method
o Typical time step for GLF23 model; 107> s
o Typical time step for CDBM model: 10725

e TASK/TX: Dynamic transport equation

© Solving equations of motion (no derivative of D)

© FEM: Finite element method (Linear and Hermite)

o Full implicit method: Nonlinear equation: Simple Picard method
o Typical time step for constant difuusivity model: 1073 s



TFTR #88742 (L-mode)
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Common Profiles
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JET #38407 (H-mode with Giant ELMs)

CDBM

=]
«Q
o
©
o
3 a
<
o
N
o
=
o
o
3 8 8 2 ¢
o
[s/,w] X
=]
«Q
o
©
o
[oN
<
o
N
o
=
< N — OO
!
[nex] 'L
=
w
/
/ 4
< N — OO

Aoy °L

GLF23

Xe

0 o N @~

(Ao 'L

<+ o N o~

[Aox] °L

Weiland

0.2

0.0

1.0

0.8

0.4 0.6

0.2

0.0

Xe

Ao °L

0.6 0.8 1.0

0.4

0.2

0.0

08 1.0

0.6

0.4

0.2

0.0

0.2 0.4 0.6 0.8 1.0

0.0

1.0

o
3 @
I e
\ o
[
. | P
o
I
g |
O] o
N @ < o ©°
— o o o
[.SeWy,01S
o
1.
//1e
J
/18
/
s /]
(Vp] o® ya Ji p
D \\ /g ~
o — 7 (o {3
e B J ¥
O \\\ \ Q
e © Y © < [osd
— — o o o
Dl IS} ] S S S
[eW/Mn] d
c
@) o
m .
o
o o
o
o o
<
o
I\
o
Q
< o N — 00
b
Q
@
o
©
o
<
o
N
o
o
OO
S




Summary

* The stiff models require very small time step, typically less than
107> s, while the CDBM models permit much longer time step,
10~ s.

®* The benchmark test of tranport codes should be carried out with
a non-stiff transport model.

* Another approach: The time step 1077 s is the order of the inverse
of the drift frequency. The assumption of stationarity

dl L(Vp)
o =PI =KD =0, D) ="Eo"
IS not applicable. The time evolution of the turbulence amplitude
d/
=LV = kD)1

should be solved simultaneously with the transport equation.



CDBM Transport Model: CDBMO05

® Thermal Diffusivity (Marginal: v = 0)

3/2 C2 UA
XTB :F(S,O“/,K,(UEI)O“/ _2_
Wie qR
d
Magnetic shear s = =4
q dr
Pressure gradient o= —¢°R -
r
Elongation K=bja
: > d E
E x B rotation shear wg; =
sup drrB

¢ Weak and negative magnetic shear,
Shafranov shift, elongation,
and E X B rotation shear

reduce thermal diffusivity.
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Model Equations

* Fluid equations for electrons and ions (s = e, 1):

ong 10
- - sUgr) + Ss
ot r or (rnsitsr)
0 10 1 0
E (msnsusr) = _;E‘(rmsnsu?r) + ; msnsuze - a_rnsTs + esns(Er + usGqu - usqSB@)
0 10 10 0 u
E‘ (msnsuse) = _ﬁa(rzmsnsusruse) + ﬁa r3nsms,us 8_}” TSQ + esns(EQ - usquS)
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The Way of Simulation

® Neoclassical Transport Models : NCLASS?®
e Turbulent Transport Models : CDBM, GLF23 v1.61 (retuned) ©, Weiland

© CDBM: No E x B shearing (wg1) and magnetic curvature (k) effects
© GLF23: Using toroidal rotation velocity (Vior) from exp. data
© Weiland: Assuming kgps = 0.316

® Solve thermal transport equations

© Fixed density profiles
© Taken from experimental analysis data in ITPA profile database
— 1D: R a, |y, By, k, ¢a

— 2D Te,i, Ne bulk,imp: Lo, j, Qheating SNB,waII, Vo1, Metrics
— Te; data used only for initial profiles and boundary conditions

— ¢ data used only if | is not available.
© Boundary conditions enforced at p < 0.9
o Particle flux calculated from  Sypwai IN thermal equations
© Diagonal turbulent transport coefficient set to zero if negative

sBy courtesy of NTCC site (htthw3.pppl.goyntcq)



Conditions for Comparison

® Comparison of resulting Te; profiles with experimental data in each discharge

° At a fully relaxed time (typically 0.5 9
© Compared with fitted temperature profiles, not measured ones

e 55 discharges described in “ITER Physics Basis: Chapter 2 "

© 38 L-mode discharges
© 14 H-mode discharges with small ELMs
© 3 H-mode discharges with giant ELMs

® Figures of merit

°© Relative RMS error, arTe', relative to the maximum experimental tempera-

ture for each temperature profile within the region of 02<p<09
N sim _ TE&Xp
O_rTeI _ 1 Z 2 = Tj Ti
’ ex
N j=1 : Tmali

T;: jth point of experimental data and simulation result for each temperature
N: the number of experimental data points in a profile

© Six figures of merit defined in ITER Physics Basis as described later

ITER Physics Basis Expert Groups 198cl. Fusion392175-2249



Relative RMS Error for Temperature Profiles (CDBM)
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Relative RMS Error for Temperature Profiles (GLF23)
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Relative RMS Error for Temperature Profiles (Weiland)
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