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1. Introduction

Transport code is employed for the Tuman-3M tokamak accounting for the reduction of

transport coefficients due to the enhanced shear oEthe drifB The evolution of radial
electric field is addressed consistently with equations for density, electron and ion
temperatures, toroidal current. A novel mechanism for the generation of radial electric field is
incorporated into the code. The key element of this mechanism is the radial current, which is
caused by the radial particles motion in the toroidal electric field. It is well-known that in the
banana regime the toroidal electric field results in the ambipolar Ware drift of the charged

particles. However, when the collisionality parameteis of the order of unity (this situation

is typical for many modern tokamaks), the Ware drifts of ions and electrons are not
automatically equal to each other. In the situation whgr andv,’ > 1the ion Ware drift

is suppressed, so that the radial current is generated. This current is to be balanced by the
radial current associated with the neoclassical parallel viscosity of ions, so that the net radial

current remains zero. This effect results in the additional (with respect to the neoclassical one)
radial electric field, and, thus, in the creation of the additional shear of the poloidal rotation.

It is demonstrated that for the Tuman-3 parameters this effect can be responsible for the
additional suppression of the transport coefficients and for rise of the edge barrier width. In
some regimes of Tuman-3M with large plasma current the internal barrier can be formed, due
to the additional shear of the poloidal rotation, as was observed experimentally.

2. Model

The following set of transport equations has been solved:
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Here the transport coefficients are supposed to be dependent on the she&roBtHHft
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where the poloidal velocity, =E, /B+u, with U, being the ion diamagnetic drift velocity.

In the Ohmic regime the toroidal rotation is damped by the anomalous viscosity [1-2¢Here
is the parallel neoclassical conductivity. The equation for the radial electric field is
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where o, =c20” /(a® +a? ) is the perpendicular conductivity, and the conductivities

Orp are calculated in [1,2] for the banana and plateau regimes accordingly
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The neoclassical electric field is given by
E(NEO) = T Olnn +(1-k) alnT @
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where k is the numerical coefficient depending on collisionality. The first term in Eq. (5)
describes the magnetic pumping, and in the absence of the second term the neoclassical
electric field is formed in the stationary case. Analysis of more complicated equation for
radial electric field [3], where the radial transport of poloidal rotation and time-dependent
terms were taken into account, demonstrated that radial electric field is close to the
neoclassical value provided the last term in Eg. (5) is neglected. However, the second term in
Eq. (5) can change significantly the neoclassical value.

The following transport coefficients were chosen. The diffusion coefficient isipFD
(f(r=0)=1) and the convective velocity V=-ga)(r) is negative, where a is the LCFS radius.
The heat conductivities agg=2D, Xj=D. The dependence of,[@n the parameteans is shown
in Fig. 1. The radial dependencies of coefficients D and V were chosen to model the
experimentally observed density and temperatures profiles before the transition [4]. The
source S in Eg. (1) was measured in the experiments both in L and H regimes, these profiles
were used for calculations.
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3. Results of the simulation

Scenario of the evolution crucially depends on the pararagtén the case modelled in [4],
where electric field was close to the neoclassical vabgewas taken to be 0.25 6. The
maximal shear oExB drift corresponds to r=a, and when the chosen valus;oias been
reached, the L-H transition started. The typical scenario is shown in Figs. 2-3. The edge
transport barrier is formed in the narrow region of 1-2cm near LCFS. However, in the
experiments [4] the features of VH regime were observed - the reduction of the transport
coefficients in the core was registered. Moreover, in the regime with large plasma current [5]
the internal transport barrier has been formed.

Calculation of plasma parameters evolution before the transition with accounting of the
second term in Eq. (5) is shown in Figs. 4-5. The contribution from additional radial current
caused by toroidal electric field (second and third terms in Eq. (5)) results in the strong
variation of radial electric field with respect to the neoclassical value, see Figs. 4-5.
Furthermore, additional shear of radial electric field arises in the core for r>15cm. The shear
of electric field after the transition is shown in Figo&:£0.45 16s™). It consists of two parts
- the strong shear at 1-2 cm from LCFS and a pedestal associated with the new mechanism.
This additional shear is sufficient to cause further reduction of the transport coefficients in the
internal regions, so that the width of the transport barrier becomes larger, more than 4cm, see
Fig. 7. The boundary value abs; here can be lower than at the edge, so that one can
anticipate further rise of the barrier width with respect to the present model. Moreover, for
regimes with larger plasma current [5] the shear of&tkeB drift in the core can exceed the
shear at LCFS. As a result, the internal transport barrier can be formed before the L-H
transition occurs. Such situation was apparently observed on Tuman-3M [5].
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Fig. 1. The dependence of,Bn poloidal drift shear Fig. 2. Neoclassical electric field
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Fig. 5. Shear ofE x B drift before the transition
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Fig. 6. Shear ofE x B drift after the transition
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Fig. 7. Reduction of diffusion coefficient, solid line - neoclassical electric field, dotted line-electric field
calculated from Eq.(5).
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