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Subsonic toroidal flows can be induced in tokamak plasmas by external radio frequency forces,
biased electrodes or neutral beam injections[1]. These flows can strongly affect transport pro-
cessesin plasmas of tokamaks, particularly neoclassical poloidal flowsand ion heat conductivity
in different collisional regimes asfor collisional plasmacase [2] aswell asfor the weakly colli-
sional plasma[3]. Theoretical investigations of these processes are of special interest for edge
(collisional) tokamak plasmas where external forces can be used to form edge plasmabarriers.

In our previous paper [4] we have generalized the results of these investigations for
tokamaks with elongated cross-section. We have in detail analyzed the possibility to control
plasma poloidal velocities and ion heat fluxes by subsonic toroidal flows, when the parameter
a is under the condition a < 1 (a = M* = V|?/c2, where M is the Mach number, V} is the
plasma longitudinal velocity and ¢, = (7. + 7;) /M; isthe sound velocity, M; istheion mass).

In [5], the importance of the collisional parameter b = v} for the investigation of plasma
dynamicsin edge (collisional) plasmas of tokamaks was underlined. Here v = qR/\;, g isthe
safety factor, R isthetorusmajor radius, \; = vr;/v; istheion mean free path, vr; = /27, /M;
isthe ion thermal velocity, and v; istheion-ion collisiona frequency.

Inthe present paper, wefind theexpressionsfor the poloidal rotation velocity U,y and for the
surface-averaged radial ion heat flux I'r; in the edge (collisional) plasmas of axially-symmetric
tokamaks with elongated cross-sections, when the collisional parameter b is much greater than
1. The expression for radial ion heat flux I'7; follows from the temperature evol ution equations
[6] after the surface-averaging of V - q;
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Here, we use the same notation asin [4].
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The metric co- and contravariant components g;;, and g**, the metric determinant g, which
appeared in (1), and the magnetic filed B were obtained in [4]

B = \/g9aB'B* = B, (1 + € cosf + AG*C0829/2) : (2)
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where ¢* = eexp (—1/2),e = r/R,n = In(ly/l1).A = € (exp (2n) — 1) /¢*,q = ¢’ /X isthe
safety factor, 777 denotesthe radial derivativer = /l1l5.

The ambipolarity condition has the form [4]
27 a . ~ ~ )
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Thus, our basic equations to be investigated are (1) and (3).

From the above expressions, we see that we should find the perturbed ion and electron
temperatures and the ion parallél viscosity. The terms with the poloidal velocities U;y and U,y
can be obtained using the quasistationary continuity equations

n;V-V;+V;-Vn; =0 (4)
and the frozen-in condition
V x [V; x B] = 0. (5)
We have, ~0
=g, L= nnyg). ()

We take the parallel viscosity tensor 7| in the form

_ 2pi
mj = =3, (0:960 = 0.59). (7)
Here 5 5 B
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where Ur; = (1/Mzwcz) 8TZ/87"

Using the temperature evol ution equations[6], we find the perturbed particle temperatures
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whered(b) = 1+ 2.20\/ M./ M;, di(b) =1+ 0.54b\/M./M;, b= ¢*R?/)?. We have used

€ J| I I 1 0Op 2M;
) = a0 = Pi + De, e — Vi
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with Zeff ~ 1 and Too = Tip.

From (7) - (9), we find the perturbed parallel viscosity
~ 1.92¢"p;

=

{Uis [(1 4+ 0.19«) sin 6 + 0.5A sin 260] + (12)

+Ur; [(1.83 4+ 1.52c) sin 6 + 0.92A sin 26|} .

This expression gives us the possibility to find the ion ambipolar poloidal velocity Us.

Now, we can derive the final expressions for ion fluxes and analyze them. The poloidal
velocity U,y can be obtained from (3) and (10) - (12),

Usip = Gt (0, b)Uri + Gua(cv, b) (q = 7[LO LU ) (13)
where
oo, b) M, o2 B ‘
Guila, b) = ) Guala, b) = TR d(b) = 1+ 2.2by/ M. /M,

M,
(a, b) = d(b (1 + 04) 1+ 0.19a + 0.254%) +0.180% (1 +15.2b ) ,

2
oo, b) = d(b) (1 4 §a> (1.83 + 1520 + 0.464%) — 0.9ab (1 + %) .

Theion heat flux in Shafranov form [7], wefind from (1), (10) and (11)
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From (13) and (14), we find the previously known results[4], if we put the parameter b to
satisfy the condition 1 <« b </ M; /M.. But we stressthat thisrange of the parameter b isvery
narrow, and it is necessary to take into account physical effects allowing to widen this interval
tol < b~ M;/M.. Inthis case, results, obtained in [4], are changed substantially, especially
for the ion heat conductivity. The function G, («, b) in (13) changes sign at o ~ 2d(b)/b, and
ap ~ 0.1,whenb > (M;/M,). Themaximum of thisfunctionisachievedwhenb ~ 50, a ~ 0.5
and is approximately equal to 2. The function G,2(«, b) should be taken into account when
the collisionality isvery strong, b ~ M;/M.. In this case, this function is approximately equal
to 0.4 when the parameter « is about 1. The elipticity does not play a substantial role in the
guantity U,y for modern thermonuclear devices giving the corrections less than 25% when the
parameter o ismuch lessthan 1.

The function G7»(«, b) in (14) can usualy be neglected for modern tokamak parameters.
Thefunction G («, b) doesnot practically show any declinewith the growth of « for any values
of bfromtheinterval 1 < b < M; /M, incontrast with theresultsof thepaper [1]. Itisdecreasing
with the growth of the collisional parameter b, dropping less than 0.1 for b ~ M;/M,. These
results also take the place if the elipticity is taken into account. The role of the neoclassical
termin (14) isdiminishing asafactor 217 /(15 + (1), i.e., thisresult the same as was obtained in

[4].
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