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TOKAMAY, SCALING IN TERMS OF CQIrIChu FIZLDS AND PLASMA STALOILITY®*

H. K. Forsen, G. A, ZImmert and T. Yang

Departroent of Nuclear Engincering
University of Wisconsin

Golovin, Dnestrovsky and Xostomarov®! have reviewed tokamak
Séaiihg froh the peint af view of recactor power, wall loading ané
magnetic field limitations. t is also instructive to cecnsider
scaling in terms of the plasma stability factor {q), hlanket and
shield thickness (T;) and S where 39 = RQnRIT +T, )XB In the
praesent analysis we seek to aetermlne the plasma radlus {a),
aspect ratio (A = R/a), and maximum field at the toroidal field

superccnductor (E ) for a reactor opeorating with uniform plasna

3

density (n = .&G /cw } and temperature ( = 7. = 15 keV). To

e i
carry out this simple analysis we use the definition g = aBt/RBp
where R is the major radius and the subscript refers to the
toroidal field (t) or voloidal field (p) at R.

Using v = a/x_, where r  is the radius to the vacuum wall,

W W
we write
RB
t
B o= . (l)
m R TB L
Coupling this with dﬂflhlulﬁn of q and applying two different

1/2
¥

——

stabxllty llmlt con dlthﬂ on Bm such that? Sp <CAor 3 <A

we find
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D = — - - : ; .
m 1 - ?B/&a - 18y a?_ 1 - :sta - /Ay * A2y,

‘Figure 1 is a plot of Bm(at q = 2.0, y = 0.8 for different Ty
and A which shows thét no solutions exist for Eg. {3) and NbTi
superccﬁductofﬁ baving critical fields around 100 kG. Solutions
do éxist for NbBSn, whiph essentially has unlimited critical
fields but is very expensive and siress loading may limik its
use to fiélds near that of NbTi. . |

Assuming cost and stress ¢ansider§tions iimit B to
100 kG, we seek soclutions to Eg. (2} and (3} for various wvalues of
the blanket thickgess and stability factgr. These are plotted
in Pig. 2 to give £he plasma radius aé a functien of the aspect
ratio fcr the conditicns shown. Solutions do not exist for small
Qalues of A since the major radius Zust be lavger than the blanket
thickness plus vacuun wal}“radiua and allow roonm for superconductor
windings, structure and insulation as well as an iron excitation
core. The curveé indicate that, for a reasonable size reactor,
we need Bp ~ A and g ~ 1.5 or less; obtherwise the reactor size
and power oubtput beccmes excessive. For comparison purposes,
the star in Fig. 2 represents a'éeactor powar level of 1500 »W(th)
and the power increases as nzaBA. On the other hand 89 is
proportional to n and the magnetic field needed for coafinement

is proportional to nl/z.



The above analysis neglects the a pressure. It should be
noted that, at the temperaturc used heée, Pg ~ i20f, p where fb
is the fractional burnup, and Py and p are the & and plasma

Ll

préssdres, respectively. At 1% burnup, p, = p_so the 8
doubled. Since 8? is limited by eguilibrium and stability
considaratipﬁﬁ, the « pressure can seriously rcduce the maximum
ion prasSure that c;n be confined. This also points to the neéed

to make the upper limit on BP as large as possible.
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