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Introduction

Contrdling Nuclear fusion reactions in nuclear fusion is ore of the most
chalenging tasks for humarkind. The Tokamak is a present the most
promising device for the magnefic confinementfusion as ithas confined fusion
plasmas for longesttime [1]. Rotafion and otafonal shear are very useful and
advantageous for the plasma transport and to increase plasma stability.
Currently, NBlis the most effective way to rofate the plasma. In future, fusion
devices like ITER it will not be possible to ratate the plasma through NBI.
Thus, the study of intrinsic rofation becomes the uimost relevance. Parra,
Bames et al [2, 3] proposed a gyrokinefc model o explain the intrinsic
rotation. The new momentum transport mode is being implemented in the
code GS2. In this PhD prgect the modified GS2 code wil be benchmarked
with othercodes as well as expeiimentd data. The code will dso be extended
to include the study ofimpurity effects on rofation with second order correction.

.Theory

Current theoiies for intrinsic rotafon
suggest that it can be self-generated
from microturbuence [4]. The maodel
proposed by F. |. Parra, M. Bames et
al. R,3] investigates the second order
fluctuations o demsiy n and
temperature T profles along with
heafing sources of plasma where the
fluctuations are anisotropic with respect
to equibrium  magretic ~ field.

am

R(m)

[

R(m)

Figure 2:a) Growth rate and frequency of ITG of DI
D shot#81499 b) Flux surface of DII-D shot#81499

Figure 3:a) Growth rate and frequency of TG of JET
shot#74758 b) Flux surface of JET shot#74758 (x-
axis is R in meters and y-axis is Zin meters). ltis a
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Figure 1:Toroidal rotation profiles of intrinsic rotation

where _ and — s2¢, by
measured in plasmas with ICRH and in plasmas with implyinéth_e %dition éhad(f(g-d

Ohmic heating,is compared with the measured toroidal
rotation by NBI [5] . . .
gyrokinetic model is:

p=P 0 T b
TITTTTR
Where p is Larmor radius, L is characteiisic length scae of machine, w is

plasma frequency.Corresponding rotafion in plasma from gyrokinetic model
gives

<1

8,0 = F(Q¢.n, T,8,n,8,T,6%n, 62T, heating (r,0,V))
Where**¢ is angular velocity in toroidd direciion, V is the velocity vector, n is
2
the density, T is the temperature, S+ is the gradient of the quantities, % is the
second derivafive of quanfties , Thus Q :K. gradient of the quantities

Figure 1 shows the measurement of toroidal Riation using different heating
sources

Preliminary results

Linear gyrokinetic simulations were perfomed b get familiar with the GS2
code. Only first order gyrokinetic model is used to dbtain preliminary resut
before understandng the second order gyrokinefics. In figure 2 for DIII-D
discharge using a simplified magneic equilibrium known as Cyclone base

case [6]. Thisis ahigh confinementshot (#81499) attime t=4000 ms, r=0.5a,
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(x-axis is R in meters and y-axisis Zin meters).ltis a

poloidal cross-sedion oftokamak
poloidal cross-section oftokamak

a is the minor mdius of lastclosed flux surface label. Itis one of the mostused
confirement shot for benchmarking of gyrokinetic codes [7]. Temperature
gradient is 6.93 and density gradient is 2.2..

Similarly figure 3 is the ITG eigenmode scan of a JET shot #74758 at time
t=53.265 ms. This specifc shot shows the intrinsic rotaon by ohmic heating.
The linear gyrokiretic simulation were perfomed at r=0.5a, temperature
gradient is 2.2anddensity gradient is 1.5.

The DIII-D shot has NBI heating whereas JET shot has Ohmic heafng. As in
figure 1, it shows that the rotation is higher by NBI heating while intrinsic
rotation from Ohmic heafing is low, thus DIII-D shot will have higher rofation.
Density and temperature profies of DIII-D and JET shot are taken from
experiments. However, for the DIlI-D case, simpliied magnetic equilibrium
caled Cyclone Base Caseis used. The simplified magnetic equilibrium makes
gyrokinefic equation easier b treat anayticdly, which is advantageous for
benchmarking purposes. On the ather hand, actual equilibrium from magretic

measurements has been used for JET shot.

Conclusions and Future work

Linear gyrokinetic simuations were performed for a DIII-D shot #81499, the
cyclore base case (CBC) and a JET shot #74758 using the experimental
equilibrium. ITG modes wer obtained for both the DIII-D CBC and the JET
shot For the JET shot the obsewvaton of ITG together with counter-rotaionin
the plasma-core is consistent with obsewvafons of intrinsic rotation in the
tokamak Alcator-CMOD[7].

The JETshotsfll require furtherinvestigaion to determineif Trapped Electron
mode (TEM) exists. Another approach to obfain the TEM is by using initial
vaue sdver instead of eigenvaue solver. Furtheranalysis of other parameters
like collisionality, impurity type and impurity density will be performed in future.
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