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Abstract

Effects of plasma geometry on nuclear fusion powerduction in ITER tokamak are
investigated using the 1.5D BALDUR integrated pcéde modeling code. In this work,
shaping parameters, which are elongation and wianty, are varied, and their impacts on
nuclear fusion power production are observed. Tresrilations are explored with two
different anomalous core transport models: an aogbibased Mixed Bohm/gyro-Bohm
(Mixed B/gB) and a theoretical based Multimode mo@@MM95). It is found that as
elongation is increased, the simulations based MV¥g5 model show a steady rise of the
fusion performance until at the elongation of 0% the other hand, the ITER performance
decreases steadily with elongation when Mixed Big®lel is used. Regarding triangularity
dependence, the simulations based on both MMM95 Mneéd B/gB models show a
decrease in the nuclear fusion power productiothasgplasma becomes more triangulated.
Furthermore, the simulations using MMMO95 considiegteld higher plasma performance
(approximately by a factor of 3) than those usiniged B/gB. In addition, when MMM95 is
used, it appears that the ion temperature gradi€é@) and trapped electron modes (TEM)
are the dominant modes. When the Mixed B/gB is usegpears that the Bohm contribution
is the most dominant term.

1. Introduction

The International Thermonuclear Experimental RegaitER) [1] aims to generate
more energy output than it takes in by using fugpoocess. Burning plasmas (sustained by
the alpha particles from fusion) of deuterons aitdris are to be created and investigated, the
understanding of which will lead to the developmehtthe demonstration fusion power
reactor (DEMO). Tokamaks are toroidal magnetic ders which are currently the main
device used in controlling fusion via magnetic aoament. Inside the toroidal geometry, the
magnetic fields keep the charged particles bountdeiical paths. There are currents from
primary current loops and from the plasma itsethwidver, producing fusion reactions inside
tokamaks requires our ability to both heat and @ionhigh temperature plasmas for a long
enough time at a high enough energy density. TAererarious instability modes which tend
to disrupt the fusion reactions. Optimizing plasperformance via intensive computer
simulations and obtaining reliable predictions @xecial to fusion experiments.

In this paper we explored the effects of plasmargegoy on the fusion performance of
the plasma via computational simulation codes. Ga#gmof the plasma cross-section in
tokamak is mostly determined by the vertical eldgiogafactor ) and triangularity factor
(). Elongation is the major radius divided by thenamiradius of the plasma cross-section.
Low-k plasmas are more circular in the cross sectionangularity is the horizontal offset
factor, which equals to the horizontal distancenfrthe tallest part of the plasma to the
horizontal center divided by the minor radius. Agkao plasma has a triangulated shape.



2. Methods

A BALDUR integrated predictive modeling code [2] issed to carry out the
simulations of ITER plasmas with the standard H-mode scenario, as fthdasreference
scenario for ITER. The aspect ratio of ITER isaefollows: major radiuR = 6.2 m, minor
radiusa = 2.0 m. Other parameters are: plasma cufgentl5 MA, toroidal magnetic fielér
= 5.3 T, edge ion and electron temperatures 3.0 fb¥ value obtained from empirical
models based on magnetic and flow shear stabdizand infinite-n ballooning modes in [6]
is 2.7 keV), and line density = 1.0x13° m3. ITER will house 830 rhof DT plasma. A
combination of 33 MW of NBI heating power and 7 MRF heating power is used. The
plasma parameters are summarized in Table 1. Tuokiteon of plasma properties can be
investigated.

Table 1: Summary of relevant plasma parameters.

Plasma current By | Density | NBI power | RF power| Total aux. power T; ped | Te, ped
(MW) M| m? (MW) (MW) (MW) (keV) | (keV)
15 5.3| 1.0x1G° 33 7 40 3.0/ 3.0

When particles collide, they transfer energy angseadiffusion. Since these particles
are charged, besides continuously losing energgweh collisions, they also radiate energy
in the form of photons. In this work, the simulaoare studied via the use of two different
core transport models: a theoretical based Multenmddel (MMM95) [3] and an empirical
based Mixed Bohm/gyro-Bohm (Mixed B/gB) [4].

3. Results and Discussions

In these simulations, the anomalous transport isutzied using the MMM95
transport model [3], while the neoclassical tramspetween the plasma species is computed
using the NCLASS module [5]. The Mixed B/gB anomeldransport model was also used
for comparisons. The performance of the plasmadasured in the term of fusion Q, which
is the power extracted from each fusion reactioniddd by the externally supplied power.
Using the known energy fraction of the alpha p&t{€0%) in each fusion reaction, we can
calculate the fusion power.

In Fig. 1, we see the time evolution profiles c# #lectron and ion core temperatures,
calculated using different elongation parameter84N®5 is used. The electrons have a
higher temperature than the ions by about 35%=a8@0s. The profile shapes are the same
for different elongation settings. The profiles atso relatively unchanged as triangularity is
varied. As the elongation increases, the tempeyatiecreases. In each simulation, the
pedestal temperature seems to continue rising loeymntime limit studied here.
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Figure 1: Time evolution of the electron (left) ammh (right) temperatures at the plasma core.
MMM95 model is used.



The ratio of the power output to the power inpudradies over time. Time evolutions
of Q are studied as functions of elongation arahgyularity. Figure 2 shows time evolution
profiles of fusion Q as elongation is varied. In M5 results, the perfectly symmetric
plasma has low Q. The increase in Q seems to easad the elongation of 1.9. In Mixed
B/gB, as the elongation gets too large, Q losgsatk shape profile. The circular plasma also
does not have a well defined Q peak.
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Figure 2: Elongation dependence of fusion Q, shawrime evolution profiles. MMM95 model is
used.

The triangularity dependence is shown in Fig. 3 Was MMM95 gives Q profiles
which generally flatten out with time, Mixed B/gBelds Q values that peak around 40
seconds and then drop to lower values. The triangylsensitivity of the Mixed B/gB results
is less radical than the elongation sensitivitye Tiesults seem to suggest better fusion
performance in low-triangularity plasma.

Fusion Q Fusion Q

— =00
---3=0.2
£=0.4
-=5=0.6

Y 5§=0.0

2r £ —-=-5=0.2

3 5=0.4

---5=06

1] 50 100 180 200 250 300 350 0 50 100 150 200 250 300 350
time (s) time (s)

Figure 3: Triangularity dependence of fusion Q,ve@s time evolution profiles. MMM95 model is
used in the left panel. Mixed B/gB model results sitown on the right panel.

In Fig. 4, the fusion Q at the end of the time ey plotted as a function of
elongation. The triangularity sensitivity is shomnFig. 5. From the elongation range studied
(2.0-2.3), MMM95 simulation shows the increase ofw@h elongation, peaking around
elongation of 1.9. The Q calculated from Mixed B/giows a steady decline as the plasma
becomes more elongated. The effect of elongatioa gmapirically found to extend the
duration of confinement therefore the Multi-Mode debanomalous transport contributions
were multiplied by I¢* [3]. (x is the local elongation coefficient.) Mean valwé<Q are 5.6
(MMM©95) and 2.9 (Mixed B/gB). The increasing triarigrity generally seems to decrease
the plasma performance in both MMM95 and Mixed BfgBdels. The mean values of Q are
6.9 (MMM95) and 2.8 (Mixed B/gB).
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Fig. 4: Elongation dependence of fusion Q at the ehthe cycle, computed by the Multi-Mode
Model and the Mixed Bohm/gyro-Bohm.
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Fig. 5: Triangularity dependence of fusion Q at émel of the cycle, computed by the Multi-Mode
Model and the Mixed Bohm/gyro-Bohm.

Transport of particles and their energy is alsoimportant determining factor of
plasma performance. Figure 6 shows the ion thediffalsivity as a function of minor radius
at the time 300 sec calculated by MMM95 model.dh de seen that the ion temperature
(ITG) and trapped electron mode (TEM) contributi@me the dominant contributions to the
ion thermal diffusivities. The exception, however,at the center of the plasma, where the
density is highest. In this region, the neoclasstocatribution dominates the ion transport.
For the electrons, the neoclassical contributioasagligible. The thermal transport from the
kinetic ballooning mode is significant in the regibetween normalized minor radius of 10%
to 50%, whereas the resistive ballooning mode iallsaimost everywhere. In the region
from the center of the plasma to the edge of plasiearesistive ballooning contributions are
quite small (less than 1%s) for both the ions and the electrons. For theediB/gB, shown
in Fig. 7, the Bohm term dominates the gyro-Bohmmtexcept the very center of the plasma.
The electron gyro-Bohm term seems to have highetriboitions to the total diffusivity than
that of the ion.
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Figure 6: lon thermal diffusivity and electron di§ivity (in nf/s) plotted as functions of minor radius
at 300 sec. The transport is calculated using MMMfslel. The ITG and TEM contributions for the
ions are labeled “thiig,” kinetic ballooning “thikbneoclassical “neocl,” total “xitot.” For the elzon
the “i” is replaced with “e.”
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Figure 7: lon thermal diffusivity and electron di§ivity (in nf/s) plotted as functions of minor radius
at 300 sec. The transport is calculated using MB&B model. For the ion, the Bohm contributions
are labeled “Xi_Bohm,” gyro-Bohm “Xi_gBohm?”, neoskical “Xi_Neo,” total “Xi_Total.” For the
electron the “i" is replaced with “e.”

4. Conclusions

Self-consistent modeling of ITER has been perforrmeshg BALDUR integrated
code with Multimode Model and Mixed Bohm/gyro-Bohmsed to calculate anomalous
transport. Geometry of the plasma is found to affiee performance of the plasma. Fusion Q
increases with elongation when MMMO95 is used, pegaround elongation of 1.9. Electrons
have higher temperature than ions. Higher perfoomas obtained from MMM95 than from
Mixed B/gB. Plasma performance tends to favor psmith small triangularity. At the
current setting, the predicted value of Q is wdlowe 1, satisfying the most basic
requirement of burning plasma. Regarding transportathe Bohm term dominates in Mixed
B/gB while ITG and TEM dominate in MMM95. Pedestaiperature seems unsteady for
the time period studied. In the future, simulatibeyond t=300 s should be investigated.
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