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Abstract

A geometric formulation is developed by the

authors for determining poloidal variations in

bremmstrahlung, cyclotron radiation, and neutron

wall power loadings in toroidal fusion devices.

Assuming toroidal symmetry and utilizing a numerical

model which partitions the plasma into small cells

it was generally found that power loadings are

highest on the outer surface of the torus, although

variations are not as large as some have predicted.

Results are presented for various plasma power

generation configurations, plasma volume fractions,

and toroidal aspect ratios, and include plasma and

wall blockage effects.
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Introduction

In conceptual fusion power reactor design studies, such

as STARFIRE and WILDCAT, average neutron, l>remsstrahlung, and

cyclotron radiation wall power loadings are estimated. These

average first-wall power loadings are used to determine

temperature distributions, heat transfer rates, and thermal

stresses in first-wall materials, as well as wall neutron

fluences and other important quantities.

Due to toroidal curvature, a toroidal system, such as a

tokamak or reversed field pinch device, is not quite

axisycmetric with respect to the plasma axis, and power

loadings are hence expected to vary with poloidal angle due

to two major effects. The first is that the "outer" wall

surfaces (meaning those sections of the first wall that are

farthest froF the overall center of the machine) tend to

"see" more plasma, because they face the entire plasma (much

of the plasma is behind the inner surfaces) and because less

plasma is "blocked" by other parts of the toroidal surface.

Assuming isotropic radiation (or neutron flux) from the

plasma, this effect causes higher loadings on these outer

sections. However, a second compensating effect exists in

that the plasma is on the average "nearer" the inner

surfaces, essentially wrapping around them in the toroidal

direction. An investigation is needed to determine first—wall

power loading variations with poloidal angle, due to these

effects, and whether these variations are significant enough



to warrant consideration in future reactor design studies

involving toroidal devices.

Discussion o_f Model

A model is introduced by the authors which allows for

calculation of poloidal wall power loading variations

involving bremsstrahlung and cyclotron radiation, and which

can easily be extended to include neutrons and supplement

neutron flux variation calculations previously done. In this

model, toroidal symmetry is assumed (meaning no variations in

quantities with respect to toroidal angle) and at an

arbitrary toroidal angle small wall sections are considered

at various poloidal angles, ranging from 0° (the outer wall

surface at the midplane) to 180° (the inner wall surface at

the midplane), where symmetry about the midplane makes

inclusion of the remaining poloidal angles unnecessary.

"Poloidal power loading factors" are developed which are

ratios between bremsstrahlung, cyclotron radiation, or

neutron power loadings at a particular wall section and those

same type power loadings averaged over the entire wall.

The power loadings at the individual wall sections are

calculated using a three-dimensional partitioning of the

plasma into individual plasma cells, using toroidal

coordinates. The method of partitioning is such that the mesh

is finest in close proximity to the wall section being

considered. Geometric considerations dictate that the wall



loading at a given wall section due to a single plasma cell

is given by the following formula:

where G is the heat generation within the plasma per unit

volume, dV is the cell volume, D is the distance between the

wall section and the plasma cell, and cos(J is the cosine of

the angle between the normal to the wall section and a line

joining the wall section to the plasma cell. A transformation

from torcidal to rectangular coordinates is performed to

determine D and cosf^j and tests are also included to

determine whether radiation or neutron energy from a cell in

the plasma actually reaches the wall section rather than

being blocked by another part of the wall (one test is quite

simple; if cos@ is less than zero, the plasma cell is behind

the wall surface and the energy emitted by it will be blocked

- other tests are also needed). Power loadings caused by

individual cells are summed and an overall power loading for

the type of energy being considered is determined for the

selected wall section. This quantity is divided by the

average wall power loading for this energy type to yield the

poloidal power loading factor,, which of course turns out to

be a function of the poloidal angle at which the wall section

is situated.

Calculations involving bremsstrahlung and neutrons are

less complex than those for cyclotron radiation, where two
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additional complications are introduced. The first is that

the plasma is not transparent for this lower-energy

radiation, and as a result it can be blocked by the plasma as

well as the walls. Also, much of the cyclotron (90% is a

.typical figure) is assumed to be reflected from the wall*? and

reabsorbed in the plasma or radiated to other wall sections,

and this effect tends to flatten the poloidal variation

profiles.

Results

Typical results of this study are depicted in Figure 1,

which shows bremsstrahlung poloidal power loading factors for

three different aspect ratios based on the assumption of

uniform volumetric bremsstrahlung generation by the plasma.

Radial variations in bremsstrahlung generation due to plasma

electron temperature variations are also considered. It can

be seen that in this case the first effect discussed at the

end of the introduction is the dominant one and that power

loadings are higher on the outer wall surface, although

variations are well within 10%.
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Figure 1. Poloidal Power Loading Factors for Uniform Volumetric

• -• -• - - Bremsstrahlung Generation.


