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Introduction

This work is an application of a general theory of the thermodynamic field (TFT)

developed in previous works [1]. The characteristic feature of the theory is its purely

macroscopic nature. I mean by this not a formulation based on the macroscopic plas-

madynamical equations, but rather a purely thermodynamical formulation starting

solely from the entropy production and from the transport equations, i.e., the flux-force

relations. The law of evolution is not the dynamic law of motion of charged particles, or

the set of two-fluid macroscopic equations of plasma dynamics. Rather, the evolution

in the thermodynamic space is determined by postulating three purely geometrical prin-

ciples (the straightest path, the closeness of the thermodynamic field strength and the least

action). From these principles, the nonlinear Classical and the Pfirsch-Schlüter trans-

port equations obtained by solving the thermodynamic field equations of the TFT, in

the weak-field approximation, have been derived. These equations determine the non-

linear corrections to the linear ("Onsager") transport coefficients.

The Nonlinear Classical and Pfirsch-Schlüter Transport Equations

In preliminary works it was shown that the nonlinear Classical and Pfirsch-Schlüter

transport equations can be cast into the form [1]
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The "scaled" variables X1,2cl and X1,2ps are defined as follows
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where λ±cl , Ucl and λ±ps, Ups are the eigenvalues and the eigenvectors matrixes of the

contravariant Onsager matrixes L
µν
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and L
µν
(e)ps

, respectively.
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We report, for easy reference, the relations between dimensional and dimensionless

(g
(1)P
ρ and g

α(3)
ρ ) thermodynamic forces and the dimensional and dimensionless (q

α(n)
ρ )

thermodynamic flows [2]
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where P, Tα and Jα
ρ indicate the total pressure, the temperature and the radial heat fluxes

of species α , respectively. Γ
e
ρ denotes the radial flux of electrons. nα and mα are respec-

tively the density and the mass of species α . Coefficients cα
mn denote the collision matrix

elements and σ̃⊥, α̃⊥ and κ̃α
⊥ are the dimensionless perpendicular component of the

electronic conductivity, the thermoelectric coefficient and the thermal conductivity of species

α , respectively (see ref. [2]). Kα are surface quantities defined as Kα =
Bξ

Bθ

1
Ωα0τα

where Bξ

and Bθ denote the toroidal and the poloidal components of the magnetic field, respec-

tively. Ωα0 and τα indicate respectively the reference Larmor frequency and the relaxation
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time of species α . Functions χcl and χps can be easily computed by imposing that the

Plateau diffusion coefficients matches the Banana and the Pfirsch-Schlüter results at

the appropriate collision frequency. This procedure determined the value of the func-

tions χ . We found χcl = 1 and χps ≃ 11 [3]. Quantities g and h are respectively defined

as rα ≡ K2
α(β 2

0 /B2 − 1) and hα ≡ (KαB/β0)
2(β 2

0 /B2 − 1)2. In Eqs (1) and (2) we have in-

troduced the symbol β0 ≡< B2 >1/2 where B denotes the intensity of the magnetic field

and < · · · > the magnetic-surface averaging operation.

Comparison between the TFT predictions and the neoclassical results

A quite encouraging result is the fact that a dissymmetry appears between the P-

S ionic and electronic transport coefficients: the latter presents a nonlinear correction,

which is absent for the ions and makes the radial electronic coefficients much larger

than the former. This is in qualitative agreement with the experiments. The Figures re-

port on the profiles of the theoretical predictions of the TFT and the neoclassical results

against the renormalized minor radius ρ = r
a

(a indicates the minor radius). Calcula-

tions refer to L-mode confined plasmas in the JET reactor with the charge number of

ions Z equals to 1. In particular, Figs (1) and (2) compare the radial flux of electrons

obtained by the Thermodynamic Field Theory (TFT) and the neoclassical theory, for

L-mode plasmas in the classical and Pfirsch-Schlüter regimes, respectively. The sum of

the two contributions, according to the TFT and the neoclassical theory, is shown in

Fig (3). In Figs (4) and (5) we can find the comparison between the expressions of the

radial electronic heat flux obtained by the TFT and the neoclassical theory for L-mode

plasmas in the classical and Pfirsch-Schlüter regimes, respectively. Fig (6) compares

the sums of the radial flux of electrons in these two regimes obtained by both theories.

As we can see, the nonlinear Classical transport coefficients exceed the linear Classi-
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cal ones by a factor 2. The electronic nonlinear Pfirsch-Schlüter transport coefficients

exceed the electronic linear Classical ones by a factor, which is of order 102.

Conclusions

Starting from a general theory of the thermodynamic field, developed in previous

works, we found that the fluxes of matter and electronic energy (heat flow) are fur-

ther enhanced in the nonlinear Classical and Pfirsch-Schlüter regimes. The banana and

plateau regimes will be analysed in a forthcoming paper. However, we might already

anticipate that preliminary results would show this phenomenon much more ampli-

fied in these two regimes. This is in line with the experimental observations.
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