
Fig. 2.   Schematic and dimensions of 
Bitter disks of circular bore (upper) 
and elliptical bore (lower) Bitter coils 
from Example 1.
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Energy and Material Efficient Non-Circular-Bore  Bitter Magnets

Abstract

Andrey Akhmeteli 1, Andrew V. Gavrilin 2, Iain R. Dixon 2
1 - LTASolid, Inc., Houston, Texas, USA      2 - National High Magnetic Field Laboratory, Florida State University, Tallahassee, Florida, USA

Resistive Bitter magnets are still widely used to produce very high
continuous magnetic fields. There exist a number of experiments &
applications where the second dimension of the bore of Bitter magnets is not
fully utilized and thus can be minimized accordingly. Evidently, a significant
reduction of one of the dimensions of the bore should result in significant
decrease in consumed power and/or coil material. However, no efforts were
mounted before to quantify the benefits, likely owing to the problem
intricacy. Using an analytical solution for magnetic field and current density
in homothetic elliptical bore coils and finite element analysis solutions for
other shapes as well, we make up for the deficiency to a degree. Relevant
structural mechanical aspects are viewed to complete the picture. In closing,
possibilities to enhance the cooling efficiency of Bitter magnets are
discussed, albeit very briefly.

Th
e 

id
ea

 a
nd

 a
pp

ro
ac

h 
us

ed

Tue-Af-Po2.04 

Resistive Bitter magnets consume a lot of energy, despite a real progress in their
optimization [1]. We suggest a different line of attack on the problem of energy bill
reduction. Also, a considerable gain in Bitter disk material, which is expensive and
expendable, can be obtained by application of an approach discussed here. Some
experiments can be so “flatly” designed that the 2nd dimension is not utilized or is
utilized very little. The idea lies in significant reduction of the 2nd dimension to save
on power and/or material.
An elliptical bore magnet is the first choice to examine, because there is an analytical
solution for a Bitter disk whose outer and inner boundaries are homothetic ellipses
[2-4], Fig. 1; there also exists an analytical solution for a Bitter disk with confocal
elliptical outer and inner boundaries as well [4]. These solutions were used to
calculate the magnetic field generated by a so-called tilted (canted) coil assembled
from elliptical Bitter disks at an appropriate angle to the coil axis to form the circular
bore . FEA solutions are used for other shapes.

Fig. 1. Schematic of an elliptical
Bitter disk of an elliptical bore Bitter 
coil. The inner and outer ellipses are 
homothetic, with the short semi-
axes significantly smaller than the 
long semi-axes. The cooling holes 
are not shown.
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Example 1

Fig. 3. Shape of elliptical bore coil magnet (non-
homothetic ellipses). The ratio of the transverse 
dimensions of the bore is 1:10. 

The elliptical bore single coil Bitter magnet and 
round single Bitter magnet  are equal in power 
consumed to generate the same on-axis magnetic 
field, but the elliptical Bitter  uses less material. 
The second dimension of the bore of the elliptical 
magnet is reduced by 50% (while the first one is 
intact). This results in the material reduction by 
25%, although the elliptical bore coil turns out to 
be slightly wider along the disk’s major axis than 
the circular bore coil.

Example 2

The elliptical bore is the same as the elliptical bore coil has in Example 1 (the 
bore second dimension is halved), and the outer ellipse dimensions  are 
changed to keep the material amount constant (the same as in the round 
coil) @ the same on-axis field. The elliptical bore coil needs 11% less power 
than the circular bore coil does. 

Example 3 (FEA)

An elliptical bore single coil Bitter magnet with 
the same larger dimension of the bore, disk 
area and power consumed. The magnetic field 
is 23% higher. Extremely fine FE mesh is used.

Fig. 2.   Schematic and dimensions of Bitter disks 
of circular bore and elliptical bore Bitter coils . All 
non-circular bore coils in all 4 Examples are 
compared with this round coil. 

Example 4 (FEA)
Fig. 4. Shape of racetrack bore coil magnet. The 
ratio of the transverse dimensions of the bore is 
1:10. 

A racetrack bore single coil Bitter magnet with 
the same larger dimension of the bore, disk 
area and power consumed. The magnetic field 
is 20% higher. Extremely fine FE mesh is used.
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Fig. 5.   Comparison of body 
force per unit volume in the 
elliptical (Example 1) and 
round coils. The force is the 
highest in value in the area 
where the radius of curvature 
is the smallest (on the major 
axis), and this force is 
noticeably higher than that in 
the round coil. Bending 
moments are the issue.

Fig. 6.  The boundary of 
one fourth of an elliptic 
bore coil with no current 
versus the deformed mesh 
under current, with no 
support (left), and contour 
plot of von Mises stress 
(right). Rotated.

Fig. 7.  The boundary of 
one fourth of an elliptic 
bore coil with no current 
versus the deformed mesh 
under current, with 
support (left), and the 
contour plot of von Mises 
stress (right). Rotated. The 
stress is lower than in the 
round coil.

Cooling of high-power resistive magnets is a challenging problem [7]. As two-
phase flow cooling has some obvious advantages and is widely used for various 
demanding applications, its feasibility for resistive magnets was discussed earlier. 
Work [8] emphasizes that it is difficult to control instabilities of two-phase flow 
and concludes: “For good reasons, the nuclear power industry has made the step 
from boiling water to pressurized water reactors to avoid two-phase flow heat 
exchange. It does not seem reasonable to go the opposite way in magnets.” 
However, presently, the heat flux in advanced high-power resistive magnets [1] is 
typically significantly higher than in nuclear power reactors [8] and comparable 
to the heat flux in the most critical components of the future ITER nuclear fusion 
reactor, whose design includes two-phase flow cooling, e. g., for the first wall and 
the divertor dome [9]. Therefore the tremendous potential of two-phase flow 
cooling for resistive magnets may deserve closer attention. 
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