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Abstract. The Canonical Profiles Transport Model (CPTM) is extended to describe both
the L- and RI-Modes in the TEXTOR-94 tokamak. The criterion of the L-RI transition is
formulated. The sensitivity of the model to a variation of the plasma parameters is
investigated. Reasonable quantitative agreement between calculations and experiment is
obtained for TEXTOR discharges witha L-RI transition.

1. INTRODUCTION

The Modified Canonical Profile Transport Model (MCPTM) [1-2] describes & plasma
transport by the usual set of transport equations, complemented by a differential equation for
the canonical profile of the poloidal magnetic field. This equation contains the control
parameter A, which plays the role of a Lagrange parameter for the free energy functional of
Kadomtsev [3]. The boundary conditions for this equation include the second derivative of
the poloidal magnetic field and define both the parameter A and the canonical profiles. As a
result, the solutions of the transport equations strongly depend on the plasma edge
parameters. For large values of A (“soft” boundary conditions) the L-mode is described by
the MCPTM. If A becomes smaller than a certain threshold value Ag, (“stiff” boundary
conditions), a transition to a different confinement mode is obtained due to a change in the
form of the canonical profiles and transport coefficients. We identify this mode as the
Radiative Improved (RI-Mode) of the TEXTOR-94. In this paper the MCPTM is applied to
describe the RI-Mode, obtained on the limiter tokamak TEXTOR-94 by impurity seeding of
Ne, Ar or Si [4,5].
2. THE MODIFIED TRANSPORT MODEL
For the simulation of the energy and particle balances in the plasma core we used the set of
transport equations for the electron and ion temperatures 7., 7;, plasma density » and the
poloidal magnetic field u=1/g [1]. The heat and particle fluxes consist of two terms
C=rPC4r®  r=rc+r’®  r=rcn (1)

1

The convective terms are small in TEXTOR and omitted. The heat fluxes in (1) are given by:

o, T T,
[LC=-nx" aTk_Tichk L (k=eli), rgnz-nxgnaa:. )
ke

The particle fluxes have the same structure. The term I}"° is the neoclassical ion heat flux.

The functions Tei(r, t) = Ti(r, t) = Tu(7, t), n(r, t) are the canonical profiles for the electron
and ion temperatures and plasma density. The canonical profile for the poloidal magnetic
field pe=pc(r,7) has to satisfy an Euler equation [2, 3]
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where Ue=Mea(?)=Uo(7=a,f). For the L-mode we use the canonical profiles of Kadomtsev
we = w/(1+7ad),  a=a"(a/(Mota)), Mo = L& (0) ~1. (4)

This is the solution of the Eq. (3), which tends to zero as  goes to infinity.
For the RI-Mode we propose the following boundary conditions forEq. (3) [2].
!J’C(aat)zu(aat)a M C’(aat)zul(aat)a u C”(aat):“*”(aat) (5)
where |(r,¢) is the solution of the diffusion equation for the poloidal magnetic field.

Using (3) and (5), we obtain the following expression forA:

4 ’ . —1
A= =149 Ja | (6)
I=ap, /n, 40, \ J = Ja

where 6,=6(a,t) and j,=j(a,f) are the plasma conductivity and the current density at the edge,

0'=96/dr, j=1/ma’,Iis the plasma current. For the L-mode we have [1]

L)/ T(0)= nr)nO)=[e(r) e (0)]. (7
We assume in this work that the relations (7) are satisfied for the RI-Mode also.
For the canonical profiles of Kadomtsev A= A= 1/(1 - a/to) ~ 1 + Wa/Mo.

We now make the proposition that the value of A= AX distinguishes between the L- and
RI-Modes in the model. In practice, this means that

e the L-mode is realized, if A > Aine = 1+ Ua/Mo, (8.1)
e the RI-mode is realized, if A<Ame =1 Ua/Mo - (8.2)

The physical meaning of the model is as follows. If the “real” boundary conditions are “soft”
(the boundary temperature is not very low, the edge radiation is not very high, theZ profile
is flat enough), the plasma core does not “feel” these conditions and boundary conditions for
the canonical profiles can be formulated at infinity (Kadomtsev case). In the opposite case of
“stift” boundary conditions (low 7 ;(a), large edge radiation, jump of Z at the plasma edge)
the behavior of the core plasma is strongly linked to the conditions at the plasma edge (5).
For the L-mode the transport coefficients have the form [1,2]:

D™=Dy x &, D" =Cyy FC, (9)

i (L-mode) =0 < Ma/R)* ™ q(al2)q(a)(Ti(a/4))" it /B=const(r), (10)
T 172

X —const(ry=ot, LY e Ry =9 4 (41gy) (alR) ()

n(a/2)R
0e=2+4, afC=35, al®=5, C,=0.8, D¢=0.5,

where T'in keV, B in Teslas, ¢ and R in m, n in 1019m'3, Yk 1n m’/s.
In the RI-mode the energy confinement time rises linearly with the density [4]. So,
using Connor’s constraints, we choose the following scaling for the heatdiffusivities:

m < (RI-mode) = 10.07C (w/R)"” q(al2) (Ti(@/4))"* /R (k=e,i) (12)
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3. SENSITIVITY STUDIES OF THE MODEL FOR L-MODE AND RI-MODE

For a first test of the model we choose the parameters of the shot #74166
R=1.75m, a=0.46 m, B=2.25 T, I=0.41 MA, g, = 3.8, W, = 1/q, = 0.265. (13)
We suppose that the radiated power profile Or.q 1s peaked at the plasma periphery after the

impurity seeding and introduce the notations: Pfgfe = med (ryrdr, &r= Pf:ége / Prot.
0.8a

The dependence of the parameter A on the density n for the L- and RI-Modes are
shown in Fig.1 a,b for different radiated power fractions Yg and Zeg=const(r)=2. Figure la
relates to the OH (Ohmic heating) regime, Fig.1b relates to discharges with auxiliary heating
with total heating power Pi,=2.5 MW. The range of the threshold parameter Ay~=1+LL/Wo
=1.22-1.17 (W = 1.2-1.5) is shown by the dashed lines. The uncertainty in A, is caused by
the uncertainty in the parameter 1. Figure 2 shows that A decreases with increasing radiation
and plasma density (at P=2.5 MW, Zs=2). The curves separating the L- and RI-Mode in
the plane (P, Yr) for different plasma densities are shown in Fig. 3.

4. SCALINGS FOR THE ENERGY CONFINEMENT TIME

It is well known from the experiment that two modes can exist in the OH regime: these are
the SOC (saturated) mode and IOC (improved) mode. According to our model, the SOC and
IOC modes are equivalent to the L- and RI-Modes. We consider the behavior of these modes
separately for the parameters (13) and Zy = 2. The energy confinement time Tg as a function
of the line-averaged density n is shown in Fig. 4. The location of the experimental points
[4,5] in this and next figures are indicated by the dashed curves. It is seen thattg is saturated
for the L (SOC) mode and linearly depends on the density for the RI (IOC) mode.

In the regime with additional heating the L-RI transition occurs “naturally” through the
increase of the edge radiation. In Figures 5 and 6 we compare the predicted steady-state
values of tg and stored energy W with the experimental values [4,5] as a functions of the
plasma density. The results of the calculations for the L-mode (n<5) and RI-mode (n>4),
for two values of the total heating power (P =2 and 2.5 MW), are shown by the solid lines.
Also Fig. 6 shows W for the OH regime. In all cases a reasonable agreement is reached
between the experimental values and the predictions of the model.

5. CONCLUSIONS

The Modified Canonical Profiles Transport Model (MCPTM) is applied to describe the RI-
Mode in TEXTOR. The transition from L to RI-Mode happens naturally in the framework of
the model developed. For the Ohmic heating regime the MCPTM allows us to describe both
the SOC and IOC confinement regime by the proposition that SOC regime corresponds to
the L-Mode and IOC regime to the RI-Mode.
The authors thank Dr. A.Yu. Dnestrovskij for useful discussions. This work was supported
by the WTZ Agreement (97-98, p. 5.64) and by the UKAEA Consulting Agreement
GQ13158.
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