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INTRODUCTION
A fusion-fission hybrid reactor is a combinationadfusion reactor and a fast fission reactor
suggested for energy production, breeding of &ssikterial or transmutation of radioactive
waste from fission plants. A primary goal for hybneactors is transmutation of TRU
(TRansUranic) elements. Both TRU elements and F3i(f Products) contribute to the total
radiotoxicity in the spent nuclear fuel, but a0 years the radiotoxicity from the FP is well
below that of natural uranium. For the TRU contéim, corresponding time is more than 300
000 years. TRU elements are transmuted by fisgibich produces energy.
In the SFLM Hybrid study [1], a theoretical concepsign of a mirror-based hybrid reactor is
being developed. In this paper, two different sapeducting coil system designs for the
SFLM Hybrid are described. The first coil set iseani-planar coil set with two layers of coils
that has been published in detail in Ref [2]. Teeosid coil set is a non-planar one-layer coil
set aimed for a weaker magnetic field and is phblisin detail in Ref [3].
The fusion driver is a quadrupolar single-cell mirwvith magnetic expanders at the mirror
ends. The geometry of the device is given in figlirdhe coils are not allowed to intersect
each other or the magnetic expanders, and areetboattside the fission mantle. There should
also be space available for influx and outfluxigtild lead/bismuth coolant through the coil

system, which are located at the ends of the fissiantle outside the recirculation region.
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Figure 1. The hybrid reactor without coils, where the el outflux/influx, the fission

mantle and the vacuum chamber with magnetic exparade shown.
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VACUUM MAGNETIC FIELD PROPERTIES
The vacuum magnetic field properties are describdgef [2], and is briefly described here.
The magnetic field is expressed in the long-thipragimation with A =a/c as small
parameter, whera is the plasma radius and & the length of the confinement region. The
magnetic field has the components
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to ordero(A®) where B is the magnetic field on theaxis andy represents the quadrupolar
field. Some properties of the vacuum magnetic figldxamined to select a suitable field
based on the function8(z) and g(z). The flute stability criterion [4] and the fluxtia
ellipticity &,, is given by [2]
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wherep is the plasma pressure aéglis the polar angular flux coordinate. A represtwa
sloshing ion pressure profile has been used intbrg.

The magnetic field profile selected for the devica combination of the Straight Field Line
Mirror (SFLM) [5] in the central region, concateedtatz = +8.75m with another field to end

the mirror and specify the expanders. Bi&), 9(2), W,(2, £,,(2) and p(2) functions for

the selected field is shown in figure 2. The fisdlute stable, has a reasonably low
maximum ellipticity (about 20), has low field gradis and has a mirror ratio of 4.
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Figure2. Some properties of the vacuum magnetic fieldtierSFLM hybrid.
SEMI-PLANAR COIL SET FOR 2T MIDPLANE B

A semi-planar coil set has been designed for awasee the midplane magnetic field
B, =2T. With this field, a midplang3 = 0.20 would be required to give a neutron production

of about7.1x 13° neutrons/s, corresponding to about 20 MW fusiomegro This coil set has
been published in detail in Ref [2]. The coil sehsists of two layers of coils, where an inner
layer of “loffe bars” produces the quadrupolardiahnd an outer layer of circular coils
produces the axisymmetric field. To roughly dimensthe coils, a current density of 1.5
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kA/cm? for the winding package has been used and 10 %@ width on each side for
structure material, which is roughly taken from MigSn ITER TF coils [6].

The coil set is optimized using a local optimizatimethod, where a cost function to
minimize is specified. The cost function adds ¢awn field inaccuracy and current
consumption. The coils are parameterized usingipasand current, and the number of coils
is fixed in the optimization. Since each coil lagety contributes to one of the functions

g(2) and B(2), the optimization problem is separated into twtirnjzation problems, one
for g(2) and one forB(2) (see Ref [2] for details). The resulting coil seshown in figure 3.
It shows the inner quadrupolar coil set and th&enbil set.

Figure 3. The semiplanar coil set without (a) and witht{® circular coils.
3D COIL SET FOR 1.25T MIDPLANE B

To reduce the cost of the coil system and to makere practical, another design has been
made B is now downscaled to 1.25 T at the midplane arid &i3D coil geometry the coils
can now be fitted into one layer instead of two.maintain the neutron production, the
maximum midplang is now increased from about 0.2 to about 0.5. ddiegeometry used is
best described by looking at the lateral surfaegttine coil is located on. The coil midline is
at a constant radius from the z axis, and thelapdut on one half of that circumferential
surface is shown in figure 4a. The coils can bamaterized using the currdréand the
distanced., r, a andz wherezis the coil center position ig r is the coil inner radiug is the
turn radius for the coil midline aridis the coil midline extension in The parameterization

is quite well separated, whereontrols the coil overall contribution to the mago field
components ant roughly controlsg/ B. This type of coils can be fitted into each otlilke

a pile of glasses, which makes it easier to pretrentoils from intersecting in numerical
optimization and to fit them in, as long lasloes not vary too much between adjacent coils.
The coils are dimensioned by using a winding paekagrent density of 2.6 kA/chand 10

% extra width on all sides for structure matenejch is roughly in accordance with the JT-
60SA coils [7]. The optimization of the coil setsheo far been done by hand by changing the
parameters, zandl, settinga=1 m andr =2.10 m. The resulting coil set is shown in 3D in

figure 4b and consists of 30 coils. For more dstaite Ref [3].
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Figure4. In (a), half of the coil circumferential surfaiseshown. In (b), the 3D coll set is

shown both with and without the vacuum chambesjdis mantle and coolant influx/outflux.

DISCUSSION AND CONCLUSIONS

To select a suitable magnetic field, flute stapilt most important. To restrain the maximum
flux tube ellipticity is also important, since ahiellipticity shrinks the plasma volume in a
cylindrical vacuum chamber. Neoclassical/resonamisiport is also of some interest, but has
not been fully addressed yet. The semi-planar twye+l coil set produces a strong magnetic
field, and it would be hard (but maybe possiblefind a non-intersecting single layer 3D coil
set that reproduces this field since the coils wdnd thick. There are however some questions
regarding maximum magnetic field, rounding of ceits. for these semi-planar coils that has
not been checked. For the 3D coils, the lower magffield (1.25 T at midplane) and higher

L = 0.5 makes better use of the magnetic field. The gegnoétthe coil system makes it

possible to produce both the axisymmetric and trecupolar field with a single layer of
coils, which makes the coils and overall curremdt simaller. Also, the lower field enables the
use of the considerably cheaper superconductor Misi@éad of NgSn for most of the coils.
There is however a need to analyze the impacteohiph plasm# concerning stability. Such
an analysis will suggest a modification of thediahd the coil system.

To conclude, two alternative coil systems have l@esented, one with semiplanar coils for
a midplane magnetic field of 2 T and another withcdils for a 1.25 T midplane field. The
3D coils seem to be the better choice. Both cateays reproduce the magnetic field with

satisfying accuracy.
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