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I. Introduction
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Neutron, photon and neutral transport problems

associated with the conceptualization and design of tokamak

fusion power reactors or fusion breeder reactors may be

treated using existing discrete ordinates codes by ignoring

the toroidicity and non-circularity of the tokamak or by

applying Monte Carlo simulation codes to account for the

geometric complexity of the device. As an alternative to

these approaches we have derived the divergence form of the

single energy group transport equation in e. coordinate system

formed by rotating a nest of simply closed smooth curves

about an axis which does not intersect the nest.

II. Transport Equation in Axisymmetric Toroidal Coordinates

The tensor transformation technique that we have used

in deriving the streaming term of the transport equation in

axisymmetric toroidal coordinates is described in detail in

reference 1. The transformation of the spatial as well as

angular coordinates is accomplished in two successive steps,
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the first applying a transformation group on the spatial

coordinates only and the second on the angular coordinates.

If the angular coordinates chosen form an orthogonal repre-

sentation of the propagation vector, the second transformation

group can be shown to have a unit Jacobian, which simplifies

the resulting equation.

The equations of transformation between the cartesian

spatial coordinates and a system of axisymmetric toroidal

coordinates are,

X1 = X1(p,6)cos<J)

X2 = X2(p,e)

X3 = X1(p,8)sin<|>

1 2X and X are arbitrarily prescribed functions of the toroidal

coordinates p, and 6. (We choose p to be the square root of the

area contained within a curve of the nest and 9 to be the

fractional arc length of the curve, (9 varies from 0 to 1) . <}>

is the azimuthal angle.) The angular coordinates are the com-

ponent of the propagation vector in the (j> direction, A<|> = ç ,

and a), the inverse tangent of the ratio of the normal component,

Xv, to the poloidal component, \Q. Applying the transformation

technique, the desired transport equation is,
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III. Conclusion

We have derived the streaming term of the single energy

group transport equation for a general class of axisyanetric

toroidal geometries using a tensor transformation formalism.

The particular case of nested circular toroids treated previous-

ly by Pomraning and Stevens may be obtained by direct substi-

tution into the equation« Other, more complicated geometries

of interest to plasma physics and fusion reactor research are

obtainable in the same manner. The cylindrical limit in which

the azimuthai curvature is neglected may be obtained by taking

the ratio of the poloidal curvature to X , the toroidal curva-

ture, to zero. Similarly the planar limit results when both

curvatures are small compared to the inverse of the physical

dimension neasured normal to the toroidal surface.
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