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L-H TRANSITION SIMULATIONS
BASED ON EDGE TURBULENT LAYER MODEL

M.V. Ossipenkg S.V. Tsaun and Yu. N. Dnestrovskij
RRC “Kurchatov Institute”, 123182 Moscow, Russia

1. Introduction

Based on Edge Turbulent Layer model (ETL-model [1]) the combined ASTRA-ETL
numerical code has been developed, which is able to describe the phenomenon of transport
barrier formation just within the separatrix during the L-H transition in tokamak. It is shown
that four-field set of Braginskii hydrodynamic equations describing edge fluctuations of
electron and ion temperatures, density and potential can be reduced to three Lorenz-like set of
equations coupled through the equation for the kinetic energy of the fluctuations - the four-
field ETL-model, which describes the nonlinear dynamics of the convective cells in presence
of the sheared flow. For a giv@ize, Tg; andng at the inner boundary of the turbulent layer

(TL) and fixedTse, Tsj and ns at the separatrix the ETL-model permits to calculate ion and
electron heat and particle fluxes through the separatrix. These fluxes are used as a boundary
condition of the third kind for the profile calculations in the bulk plasma done by ASTRA

code. At the TL boundarR=Rs: —DfSTRA%‘: I_aETL, wherefy meansTe , T; and n,

DA™ means corresponding heat and particle diffusivities in L-model_g'ﬂb means the

values of the electron and ion heat and particle fluxes calculated by the ETL model for the
values of theTge, Tgi and ng found by ASTRA from the profile calculations at the previous
time step. Numerical modelling results and analytic estimates lead to the conclusion that both
the first threshold of plasma pressure gradient for the onset of the L-mode turbulence and the
second one for the sheared flow generation and turbulence stabilization in H-mode appear to
be lower than in the case when only one kind of fluctuations is considered. Comparison with
the experimentally measured turbulent fluctuations in DIII-D manifests strong dependence of
the L-H transition power on separatrix valles Tisandns.

2. Four-field etl-model

Four-field ETL-model is derived from the reduced Braginskii fluid equations [2] in the
electrostatic limit. Because the model is developed to describe the edge turbulent convection
perpendicular to the magnetic field, the equation for ion parallel velocity is omitted for
simplicity. lon and electron temperatures are treated separately, because their difference seems
important for the L-H transition power threshold value. The normalized, nonlinear equations
for drift-resistive-ballooning instability-induced turbulence are [3]:
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%+[ézxﬂ¢]ﬂr+gn%=xiATi-Qe, 4)

wherea = 171is constant is the dimensionless electrostatic potential normalizet. $s,

n is the electron density normalized by T, andT; are the electron and ion temperatures
normalized by the electron temperature at the sepamatix These fluctuating quantities are
represented in the forng(n, Te andT; should be substituted insteadfpf

f=<f >fxt)fxAt,) f < (>x V-LYoAX ¥, .f- & & (5)

x andy corresponding to the radial and poloidal directions (Figr&)normalized by Larmor
radius p=Cdux, timet is normalized by gyroperiody. <T> and <n> correspond to the
mean dimensionless temperature and density gradients igrd E: pl(Teg - Te9/(Le9, Ori
=p (Tig Tig)/ (L9 andg, = plhg - ng)/(LMs), gs = p/Ryi is the normalized reversed magnetic
field curvature radius at the outboard side of the tokamak; /M, / m Iﬁp@ is proportional

to the plasma Spitzer conductivitkl, = 1Ry, which implies, that the parallel correlation

length in the convective cells is of ordergh,; Acis the electron mean free path, the viscosity
u and the thermal diffusivity are normalized bpCs.

To reduce the egs. (1)-(4) to the Lorenz-like set [4], one can follow the procedure used
in [1] for the two-field ETL-model. First three Fourier harmonics are taken into account:
P=(V/ky)sinkx+[Xcosky+Xssinky] (1/k,)sinkx+[ ¢gocosky+grssinky]sin2kx, (6)
f=-Zsin2kx+[Y ccosky + Yssinky]sinkx +[f2sSink y +foc cos ky] sin2kx. (7)

Fourier expansion (7) is the same Tar, T; andn, and henceforth the indices i andn are
introduced for the corresponding amplitudes of the perturbation of the mean grafitk of
the amplitude of turbulent fluctuatior¥s The four-field ETL-model equations are written for
the integral variables normalized according to

2

— CE e¢lms E - 771ms T - ams ZD]J
V= CSBX_ T, 2L’¥_2T Ve S 2T R ' ms §Z|fk|
Notations are kept the same as in Lorenz system in order to see relation with it.
V: \Y} =V, OX? V- V, LV+ (8)
Vi X=-V,OXDA+ LIy+ Y+ b, 0Y]- LOX 9)
T Z =2, XY - Z0X0Z- 3 Z+ Q Z- 2, (10)
T: Y =-J0OXZ+ 3 OX- J0Y (11)
T Z,=Z,IXDY - Z0X0Z~- 2.2~ Q 4~ 3, (12)
T Y.=-30XOZ+ 3.0X- 0¥ (13)
n’: Z'n:ZﬂZIXDYn— Zz[]]){DZ— 4, Z, (14)
A: Y, =-J0X0OzZ+ 3, 0X- 3 0Y, (15)
where V,=270077 u, Vo=(V+ve)lox, V = W LV, is the neoclassical

L+ v) 1+ v.e¥?
VISCOSIity,Ve= <VO>c, IS the simplest representation of the charge exchange friction between
ions and neutrals, when the averaged neutral poloidal flow is assumed to be zem, idere
the ion collisionality, pis the neutral density at the TM3 is a very small source term
providing seed velocity necessary to initiate the “peeling” instability, when the sheared flow is

generated by the convective cells= ga/+/2, I,, = 14T o Ts, , 13 = (OK? +Huk?), I = kd~/2,
Joi = (Ori - gB)/\/E , Jsi =xi €. It is assumed that the viscosity and the thermal conductivity are
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due to the small scale selfsimilar fluctuations, which provide the energy sink at the small
scales, s = x = 0.04 Ds., whereDg=pC4Dg, Z; = kd~N2, Zo =(L/p) ke , Z =4x k2, k= ky
= piL, K = k¢ + k/, whereL, the TL width, is determined by the balance of the growth rate

of the interchange instability and of the dissipation rate due to parallel electron conductivity
2

TP’y 0

0A
along the field Iines:—¢ = af, or Lz—oog = 00, y;=Cs/(RuL)®>. For the case of DIII-D

ot A

parameters in Ohmic L-mode (shot #82830 [#)i = 1.67m, a, =063 m, B=158T,
I, =M A, q=4.51 byfay = 1.6,ng =17010°m 3 n, =312003°m >, T, =60 eV,

T,, =45¢eV Tg = 85eV, B.=79eV (16)
one can obtaih = 1 cm, henceforce it is fixed for all simulationEhe termZ, appears from
taking into account the thermal diffusive boundary layer of the widtimside the cell.
Remind, that the TL consists of the convective cells rotating in alternating directions (Fig. 1).
The thermal diffusive boundary layer inside the cell appears because every convective cell
drives the convective heat fluxX\,A, which has to percolate diffusivly through the boundary
of the cell:xLT/A, whereVC:|X| Csis the characteristic velocity inside the convective cell,

andT is the temperature difference between the sides of the cell. By equalizing the convective
and diffusive fluxes one can estimate the boundary layer vidih (xL/V)%°. Then the

turbulent diffusive term is given byxk2(LYA)=(LIp)ké| X|=Z,| X|.  Zseaxek:

X1

ZSn:4Dik§’Jze :(gTe_ gB)/\/E,Jge - %aza * Xekz"]Zn :(gn a gB)/\/E’an =0 +DK.

3. Discussion of simulations

Time-dependent transport and edge turbulence simulations were carried out for 2.5 MW NBI
heated 82830 discharge fromllED [5]. The ampitudes of the fluctuations, sheared velocity
and heat and particle fluxes were calculated for L-mode (16) and for the ELM-free H-mode:
ng =0.80°m™®, n, =2400°mM>, Ts =44 eV, & =32 eV, &=110 eV,
Tee=80¢eV. (17)
For the four-field ETL-model the experimental temperature and density gradients in TL were
taken from the experiment. For the combined ASTRA-ETL code only separatrix values were
taken from the experiment and gradients were calculated selfconsistently. Results of ASTRA-
ETL simulations are taken in L-mode at 5 ms before the transition and in stationary H-mode.
The comparison with the experiment summarized in the following table skd@¥%
guantitative agreement.

conf. |L, L1e NmdN | @md T | T (10Ym?s) |V

mode | (mm) | (mm) (m/s)
experiment L 17 18 0.3-0.4/ 0.15-0.3 48 0
ETL L 17 18 0.46 0.14 17.6 0
ASTRA-ETL |L 21 23 0.26 0.1 6.5 0
experiment H 2.5 6 0.1-0.2 0.15-0.83 *45 5000
ETL H 10 12 0.34 0.11 9.6 3700
ASTRA-ETL | H 12 15 0.39 0.09 3.9 2900

Time evolution of the fluctuation amplitudeg,$in and &4 T, of the corresponding
particle fluxI™ (in 10°° /m?s) and of the sheared velocity V (in m/s) through the L-H transition
is shown in Fig. 2. The time of the transition is determined by the time of sheared flow
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generation and is 7 ms. Shot#82830 shows a very slow transition with a duration about 10 ms,
which means that the input power is slightly above the threshold, so that the difference

between L and H regimes is more qualitative than quantitativéEExBevelocity is generated

up to 3700 m/sand turbulent fluxes are suppressed twice, but temperature and density

profiles do not change noticeably inside the separatrix. Power threshold is very sensitive to
separatrix parameters: starting with the L -magle Ts;jandns (17) and applying 2.5 MW it is

not possible to achieve H-mode, while the same power with the set (18) results in edge
transport barrier formation.
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Fig. 1. TL convective cells. Fig. 2. Time evolution of the L-H transition.
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