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Improved confinement related to toroidal rotation

* The improved confinement mode
with internal transport barriers
(ITBs) has been observed in
plasmas with the strong E, shear.
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The pedestal temperature increases
with co-toroidal rotation and profile
stiffness.

|dentical core temperature profiles
have been observed for co- and
counter- rotating plasmas with
identical pedestal temperature.

Conventional H-mode
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Does toroidal rotation have little influence on core hear
transport without the strong change in E, shear?
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Influence of co-toroidal rotation on T_-ITB

1
* The better T_-ITB with co-toroidal _
rotation has been observed. §

* The difference in E, shear is small. :
[N. Oyama NF2007] {a;
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Points of these plasmas

A) The slight difference in the core n, profile

B) Similar power deposition profiles

C) With a change in the toroidal rotation profiIeB)o

— P, increases larger in the core region

— P, increases larger in the pedestal region

and is maintained with similar profile
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Investigation of toroidal rotation effects on core heat transport

Investigate effects of toroidal rotation on core heat transport in
conventional H-mode and parabolic type ITB plasmas using

* Transport models implemented in the transport code TOPICS
* The flux-tube gyrokinetic code GS2

First order equilibrium flows in Tokamaks

Va = wa(V)Rp + tia0B

Focus on ExB shear representing

TOIrOiO'fI flow Parallel flow toroidal rotation in this study
_ dd 1 dp,
Wa(t;b) = o
dy  nge, dy

Including radial electric field effects
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Integrated suite of codes TOPICS

TOkamak Prediction and Interpretation Code System [N. Hayashi PoP2010]

1D transport & 2D MHD equilibrium

Time-dependent / Steady-state analysis of JT-60U experiment

Simulation with transport model

Neoclassical : Ml method or NCLASS, Anomalous : CDBM, GLF23, BgB, MMM95
Development of toroidal momentum eq. solver consistent with E, (M. Honda)
Tuning of CDBM model to LH transition (M. Yagi, PET2011)

Components

NB & High energy particle : 1D or 2D FP, 3D MC (F3D-OFMC)

EC : Ray tracing & Relativistic FP (EC-Hamamatsu)

IC : Full wave analysis (TASK/WM), LH : Bonoli module in ACCOME

MHD stability : Kink / Ballooning / Peeling (MARG2D)

Impurity : 1D transport (IMPACT)

Neutral : 2D MC

Radiation : Impurity line radiation model (Coronal eq.), Synchrotron (CYTRAN)
SOL / Div. : Five-point model (D5PM), 2D Fluid & MC (SONIC)

Pellet : Ablated Pellet with ExB drift (APLEX)

= * *used in this study
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Transport models implemented in TOPICS

B Given: The MHD equilibrium, the g profile, the density profile
B Calculate: ion and electron temperatures in p < 0.85

B The anomalous heat diffusivity is given by following transport models.

e Current Diffusive Ballooning Mode (CDBM) [e.g. A. Fukuyama PPCF1995]

C2

(%
xcpBM = C—; g |*/?F (s, )G (x)H(wExB)

Wie qR7— —T A WExB = Régte %R%e
H(wpxp) = K — a2 P!
Thermal pressure 1+ (Bwpxp/vcoew)X " | vepBm = |of /225 F(s)

* GLF23 [R. E. Waltz PoP1997, J. E. Kinsey PoP2005]

- Mixing length formula is used to obtain the heat diffusivity with 10 wavenumbers for ion
temperature gradient(ITG) and trapped electron mode(TEM) and 10 wavenumbers for

electron temperature gradient(ETG) mode. RBy

YExB = —(
- ITG/TEM is stabilized by the effect of ExB shear.

d E,
dr RBy

Ynet =Y — OE|VExB|_— B

* Bohm/gyro-Bohm (BgB) [modified from M. Erba PPCF1997]

B et SN e
i— 1. B{ shear . B % L
/— - XgB - p VJB;T

1 0.5 0.5
Fshear: _Olc_s i_|_i E
1 4+ exp{20(0.05 + wpxp/nTC) — s} e =S\, T I T,




Test of transport models against JT-60U plasmas
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Calculations with CDBM for H-mode shots
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Calculations with GLF23 for H-mode shots
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Test of transport models against JT-60U plasmas

Calculations with BgB for H-mode shots
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Test of transport models against JT-60U plasmas

Calculations with CDBM for parabolic ITB shots

9/14

46861 19.0 46861 t15

5

CO Ctr 5 46861t|9.0 46|861t15|.0 5
1,=0.9MA 1,=0.9MA sl o 4 ol
B.=1.60T B.=1.59T 3N [10%°m’ 3] 3 5|
H=1.133 H=0.9128 2 2l 10!
W,=0.5233MJ W,_=0.4698M) T L BrE [kv/m] ol |
W;=0.3252M] W;=0.2268MJ %0 02 04 06 08 1 0 02 04 06 08 1 20 o0z 04 06 o8 1
p p P
CDBM model Co H=0.9352 Ctr H=0.8642
lon 10 — CDBM 10 — CDBM
H 8l O Exp.
similar to exp. forp>03 Pl lon gt | | | Exp. fit
2 2
Electron = <
similar T for p> pqg
lower T, with high y, for p> p,
especially for co case
2 " fion, electron " / e 2
Nool SRV ' N
ol electron‘ 0 4

0 0.2 0.4 06 08 1

Yo,

‘0.2 04 06 08 1
Yo,



Test of transport models against JT-60U plasmas 10/14

Calculations with GLF23 for parabolic ITB shots
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Test of transport models against JT-60U plasmas

Calculations with BgB for parabolic ITB shots
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GS2 code

GS2 code [M. Kotschenreuther CPC1995, W. Dorland PRL2000] iS

the local flux-tube gyrokinetic code

solving the gyrokinetic equations for the perturbed distribution
functions of

able to carry out linear and nonlinear

able to calculate both electrostatic and electromagnetic cases,
including nonadiabatic (kinetic) electrons

calculating initial value problems using the Lorentz collision operator

able to work with s-a model equilibrium, Miller equilibrium and the
equilibrium obtained experiments(G EQDSK)

incorporating effects of sheared flow by forcing radial wavenumber k,
to depend linearly on time

YExB — P dw-. Toroidal angular velocity
kﬂ?(t) — kmU — f}’Ekayt

q dp
Tp — (qR/T)'YExB - Parallel flow shear
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Effects of the flow shear
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 The growth rate is estimated by time dependence of 02
the heat flux at linear phase. [C. M. Roach PPCF2009] &>
. 1 1 Qt(t — 7_7) E 0.1}
Y = Qt(t _ 7_0) 0.05}
- 100:;2“'i/(vth/R)=0.156 _ 0.1 v, /R) 0.0173 | _ 1‘;]*/(%'/}?):0.6387 : 0.2 7’5/&::/’?) 06 08
= 1 x & 01}
2o 001 . 2= ‘2“0001,
So.0001] <0 000.1 1 Zooo001}
LT 7/E =0. 0 g 10_6’ Ve =0.2 1 ° 10:2’, 7/E =0.5
0 10 20 30 40 50 60 70 0 T 0 200 300 0 TS50 100 150 200
N t/(R/v,) AN t/(R/v,) t/(R/v,)

TO Tf},




. 14/14
Conclusions and future works

Transport models
Conventional H-mode

e Estimated T; using CDBM and GLF23 is similar to exp.

e CDBM and BgB predict little differences between co and ctr cases.

Parabolic ITB
* CDBM and GLF23 predict similar T, and T, for p> p5 -

* CDBM, GLF23 and BgB do not show the difference in T, profile between co and
ctr cases observed in the experiment.

Gyrokinetic code GS2

* ExB shear stabilization and PVG destabilization are able to investigate with GS2

Future works

O Calculations using GS2 with the equilibrium obtained experiments

O Estimation of ExB shear effects using the transport model TGLF [G. M.
Staebler PoP2005, PoP2007, J. E. Kinsey PoP2008]




