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Abstract: We investigate the effects of plasma flow on axi­

symmetric self - consistent equllihrl<1 in tOlOoid"l geometry. 

In contrast to ?rev! ous flow calculations we retain t ogether 

with fl ow , all beta effects. Our description allow s a quite 

general discussion o f the existence and nature of the eq ui­

libriwn. Explicit results will be presented) 

In toroid"l cOl'lflnernent systems t he radially outwal'd ph.sma 

flow which leads to losses w111, in general. be coupled to 

o ther flow cOfI'Iponents . Therefore a complete discu.';$!on o f 

plasma loss unavoidably req\lires a tre<ltment o f pl asma flow 

and an analysis of the nature o f this flow coupling . 

EX/llllination of the fluid equations shows that there is a linear 

coupling of flows by means of the y x H term in Ohm ' s law, and 

a nonlinea r coupling vie the inertial term in the equat ion o f 

motion. Previous treatments have , 1n general, d i scussed on l y 

the Unear t ype of coupling . Howe ver,the flow calculated in 

thie appro x imat ion can become large so that t he neglect of 

inertia ie suspect. 

Recently there has been incre a sed interest in analysinq the 

nonlinear coupl inq (i.e. inertial effects), but be cauge of the 

complexity of the problem, many approximations were used to 

m8ke it mathematic8l1y tr llc table. In - particula r low beta pllls­

moll in /l large aspect-rlltio s ~'stem "'IIS studied. It is the pur­

pose of this p a per to remove such restrictions. 

\o,'e study'" hot, finite beta plasma with lonqitudi na l cur r e nt 

in 8 toroid81 8xisymme t r ic system of arbitrary a spect -ra tio 

and investigate the possib le stlltionary states. We describe 

the i deal plasma flow in t erms of the one-fluid MHO equ/ltiona 

with /In ide/ll gas equa t ion o f state p-c1p ,where ilo t her­

mality i s assumed for conve nience (C _ const. ) . The fact that 

some integrals of this system Can be obtained, /l t laws us to 

carry through a rather general discussion o f the existence and 

type of solution. Explicit results f o r the case of large aspect­

ratio are readily Obtained . 

Because of the¥ DOlenoidal nature the magnetic and momentum 

fields can, with the aid of the po loidal magne t ic and mass 

fluxe s G and r be eXalre s sed as 
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where!;. 113 the ignorable angle co-ordinate, and f\ a nd L ", re 

functions to be determined. The prob lem can then be reduced to 

three equations, two of which are magnetic differential 

equations determining the variation o f p and 1\ on a m8gnetic 

s urface, 8nd the third is a partial di fferential equation 

descri b ing radi s l force balance which determines G in s pace. 
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T 
a r e the meridional and toroidal fl ow s peeds 

res pectively , and R i s the distance from the axis o f symmet r y. 

This latter equation reduces , in the no-flow limit. t o the 

well-known equilibrium equation discussed by Graci. Sha franov 

and others (e . g . see [J]I. 
~n important point to note is that any solution will depend 

on four arbitrary lIurfo'lce functions: t,,·o of which arise frorr. 

the magnetic differential equations and the other two are r 

a nd the electric poten tial ~. This arbitrariness can be re­

e xpressed in terms of four related surface f unctions M, E 

descrihing the flows and BM' c.T which are the loca l meridional 

8nd toroidal beta values. 

There 8re three f e atures of the magnetic dif ferential 

equations for p 8nd fI which should be mentioned at this 

point. (1) The equation for p (which is es sentially the 

stabilizing toroidal field) exhibits flow effects which can be 

rema rkably large. (2) The equation describing flow ef fects 0" p 
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is a Bernoulli type equation wh ich i" the low beta limit 

reduces to the equation we discussed sOIl".e time ago l21. (l)The 

sy~etry of the flow terms which /lppear is altered from the 

low beta case (where o nly ~!2 and E2 terms were obtained) 

because a mixed term ~ffi arise s . 

The solution f or p and 1\ depends on IVG! . The partial 

differential equation f or G contains derivatives of p 
and 1\ • and so we see that the re will be contrlbu':i ons to 

the nature of this equation which are directly related to the 

p • A . Now the solution of the equations 

is not tr ivial. Indeed i t can be shown that not 
solution of 

for p , 1\ 
all flows lead to con t inuous solutions Le . at some point on 

a particul", r magnetic s urf ace for ce rtain flow s the solutions 

may be discontinuous. 

There are als o certain critical s peeds (see (3] corresponding 

to acoustic ar.d the three ~!HD speeds (modified by the 

toroidal georr,etry ) . All four o f these s peeds play an irr_portant 

role in cie termining the nature of the p/lrtial differential 

equa tion for G which is to be solved with the appropriate 

boundary condit i ons . 

In the case of l arge aspect-ratiO this pa rtIal d ifferential 

eq uation can be approl<imated to fi r s t order in inverse aspect­

r atio by two ordinary dif f e rent i ", l equations wh ich deter",ine 

the overall r a d ial f o rce balance and the sh ift of the plasma 

column. The former is a generalisation of the Bennett Pinch 

re la tion to include flows. 

The well-knOl<n low beta results conct:rning plasma para- or 

<.ii a- magnetism depending on the meridiona l beta value can be 

immediately recovered. Flow ac t s a s an effec tive pre s sure a nd 

makes the situation more diamagnetic. 

The expression [or the plasma displacement is a generalisation 

of the static result o f Shafranov (1], The extr a terms which 

contain the combined e ffec t s ot plasma beta and flow give 

rise to the i nteresting possibilit.y that the pl asma displace ­

ment can be made identically zero. Ther~ is s ufficient 

freedom in t he flOlo· protlles to do this. 
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