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Abstract

With a 0-D systems code the power exhaust in a next-step fusion device that is based on the
PPCS-B design was analysed. Especialy the enhancement of the core radiation by means of
core impurity seeding in two different scenarios (constant temperature and constant total
normalised plasma beta) was investigated. The results indicate that this method improves the
situation in the divertor, but comes along with an unfavourable economical burden.

1. Introduction

The power exhaust is a key driver in the design of a next-step fusion device. Especialy the
conducted power flux in the SOL to the divertor region constrains the design options. One
idea to overcome this problem is to increase the impurity content in the plasma core, so that
the power conducted through the separatrix and finally to the divertor plates is reduced by
enhanced radiation in the plasma core.

2. Model and Methods

To anayse the reduction of the heat load on the divertor plates via radiation in the plasma
core and mantle we used a 0-D systems code with modules for each component of a fusion
reactor. The main elements of the physics module are balances for power, particles, pressure
and current. Thusit is possible to solve the underlying equations in a self-consistent way (see
also[1],[2], [3] and [4]). A detailed description of the systems code isin progress [5]. For the
analysis a fusion device that is based on the PPCS-B design was used [6]. The basic
parameters of this reactor are listed in table 1. We fixed the main machine parameters (major
radius, magnetic field, etc.) and increased the impurity content stepwise to enhance radiation
in the plasma core and mantle. The latter is defined as the region between the core and the
separatrix (i.e. normalised minor radius p = r/a: peore < p < 1). Furthermore, two different
scenarios for the analysis were chosen where either the mean temperature (Case I|: (T) =
20keV) or the total normalised plasma beta (Case II: Sy = 3.5) is kept constant. Here we
assumed that ideal MHD limits the achievable total Sy = By n + By fase:» @ pessimistic

assumption that is still under discussion.
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Table 1. Parameters of the PPCS-B-like device used in the study.

For density and temperature, parabolic profiles with a linear decrease from pedestal to
separatrix values were used (see aso [3]). Moreover, it was assumed that the Greenwald
density limit is an edge phenomenon. Thus the electron density at the pedestal was fixed at the
Greenwald density [7] and we allowed for finite density peaking at the low collisionality
expected for a next-step fusion device [8]. The temperature at the pedestal was adjusted
subsequently so that the pedestal pressure matches with a scaling expression [9]. The
separatrix temperature was calculated with a simple 2-point model [10] and the temperature
peaking T, /Tyeq Was adapted according to the particular scenario. In both cases Argon as
seeded impurity was selected and its fraction f,, = ny,./n, compared to the electron density
was increased stepwise from 0.7% to 2.1%.

3. Resultsand Discussion

Figure 1 shows the divertor radiation fraction, defined as that part of the power flux at the
separatrix which is radiated in the divertor region. It was adjusted to keep the peak power flux
to the outer divertor plates below 10 MW/m?. As could be expected, in case | the divertor
radiation fraction decreases as the Argon fraction is increased. This means that a higher core
radiation shifts the divertor radiation to a more feasible regime. The core radiation is a

combination of synchrotron, Bremsstrahlung and line radiation (Fig. 2).
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Figure 1. Radiation fraction in the divertor region for

casel ((T) = const.) and casell (8y = const.).

Figure 2. Radiation losses in core and mantle region

for casel ({(T) = const.) and case Il (8y = const.).



38" EPS Conference on Plasma Physics (2011) PD2.09

In contradiction, in case Il the divertor radiation fraction keeps nearly constant, it even
dlightly increases (Fig. 1). The reason is that in this case the plasma pressure and accordingly
the temperature must rise to keep Sy constant, because of the constant electron density. The
normalised total plasma beta consists of a thermal and a fast particle part. The latter one is
approximately proportional to n3, - T and decreases by an increasing fuel dilution and
conseguently increasing Argon fraction [11]. This means that the thermal part must increase
disproportionately, which in turn causes an increase of Wy, and concomitant of P,,,, (Fig. 4).
However, the enhanced radiation in the mantle region is just able to compensate this increase

so that finally Psep, = Peon — Praamantie Y€Mains nearly constant (Fig. 4).
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Figure 3. Power balance for case| ({(T) = const.).

Figure 4. Power balance for case Il (8y = const.).

As can be seen in figures 3 and 4, in both cases the increase of the core radiation caused by
higher impurity content leads to an increase of the additional power P,;,; needed to equalise
the power balancein the core: dW,;,/dt = 0 = P, + Pyaq — Pradcore — Pron

The additional power consists of the power to drive current in the plasma P, and an external
pure heating power Py, that isideally zero. Whereas Pcp remains nearly constant despite a
dlight decrease in case I, Py, increases to significant high values (Fig. 5). Therefore the
recirculating electric power in the plant increases. This leads to a decrease of the net electric

power output and makes the general balance more and more unfavourable (Fig. 6).
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Figure 5. Heating and current drive power for case | Figure 6. Net electric power output for case | ((T) =

((T) = const.) and case Il (8y = const.). const.) and case |l (By = const.).



38" EPS Conference on Plasma Physics (2011) PD2.09

Thus it is advantageous for the general balance of the power plant that in both cases the
fraction of Argon as seeded impurity is kept as small as possible. Otherwise the economical
balance which is related to the net electricity power output to the grid gets more and more
unattractive. Nonetheless, especially in case I, an enhancement of the core radiation by means
of impurity seeding in the core improves the situation in the divertor. Finally, one should aso
pay attention to a possible degradation of the confinement caused by higher radiation in the
plasma core, in particular to the H-mode threshold. In this study the operation points were all
above at |east two times this value.

4. Conclusions and Per spectives

This case study shows that it is unfavourable to increase the core radiation arbitrarily to secure
the divertor plates. In case Il this option seems to be even useless. A reasonable way is to use
the limits set by materials or technology as constraints and to solve the equations in a self-
consistent way with models for each component on similar levels of sophistication in the
systems code. To enhance self-consistency in the systems code, it is planned to integrate a
simple model for the divertor radiation fraction where non-coronal effects on the radiation

|osses are considered.
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