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1. Introduction

The plasma alge plays an important role in the physics of improved confinement. In this
region, the shea in the radial eledric field isresporsible for the suppression d turbulence[1].
The as2ciated flows are measured duing eledrode polarisation dscharges with a Madh pro-
be [4,6]. These measured radia profiles can also be predicted by afluid model [2,3]. The am
of this gudy is to compare the theoreticd predictions with the experimentally obtained
profil es.

The experiment is described in sedion 2and the fluid model in sedion 3.The experimen-
tal and pedicted profiles are cmmpared in sedion 4. Discusson and conclusions are handled
in sedion 5.

Fig. 1.: The pardl e and toroidal system of reference, where a isthe pitch of the magnetic field.

2. Experimental set-up and results.

Poloidal and toroidal flows can be measured in the outboard equatoria plane of TEXTOR-
94 with a Mach probe [4,6]. The probe mnsists of two graphite lledors separated by an
insulator, used in adoule probe cnfiguration. A 1D fluid model, described in [4], is used to
derive the parallel and perpendicular Mach number from the experimental data. The velocities
are cdculated from the measured Madh number via v=M .c.in which the soundspeel cs iS gi-

ven by c,=(k(T, +T,)/m)"2. The profile of the radial eledric field is measured with the

Mad probe by using the two colledors of the probe in a floating potential configuration
(Iprobezo)-

Significant flows are in particular generated duing edge polarisation experiments, the
experimental set-up d which has been described previously [8]. A voltage is applied between
the limiter (r=46cm) and an eledrode of which the conducting tip is located at 41 < r(cm) <
42.5.During the experiments reported here, the bias voltage Ve is +350V and the bias current
I, is120A. The plasma parameters are By = 2.35T, 1, = 210 kA and the pre-bias line-averaged
eledron density is 1.0x10"° m™,

I'Partner in the Tril ateral Euregio Cluster (TEC).
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Figures 2, 3 and 4 show the measured radial profiles of the radial eledric field E;, the
poloidal velocity Vg and the toroidal velocity V respedively.

3. _Theory.
A theoreticd fluid model has been developed to predict Vg, V, and E; in dependence of

the radia current and is based onthe toroidal and perall el projedions of the toroidal momen-
tum equation in which the neutral drag and perall € viscosity are retained as damping meca-
nisms|[2].

The development starts with the toroidal total momentum equation from which we obtain
an expressonfor theradia current density:

1
J = B — WV, 1)

where By is the magnetic inductionin the poloidal diredionandV , the flow velocity in the to-
roidal diredion. The friction coefficient

v=n.mn,{oV)=n .m.no.(10‘8Ti°'318) 2

IS suppased to be constant on a magnetic surface n, is the neutral density, n the ion density,
m the ion massand T; the ion temperature in eV [5]. Integrated over a magnetic surface Eq. 1
givesthe aurrent flowing through the surface
1 R
l, = R, 2rrd6 = —V,)s 3
; @BoRovg ,21rdo @BOV<R0 ¢>S ©)

where © =tga is the pitch of the magnetic field, R the maor radius, Ro the major radius of
the plasma center, S the surfaceof a magnetic flux surface ad <X> the surface aerage of the
quantity X. The magnetic field is modeled using Ampere's law, negleding the Shafranov shift.

Defining now the surfacefunction

G(r) = <%v¢>, (4)
we obtain an expressonfor the airrent:
S
5
' @B ®)
The dedric field isintroduced in the equations via the surfacequantity V(r) defined by:
V()= -E, + 1de. 6)
en o
It defines the perpendicular velocity viathe radial ion momentum equation [3]:
vV, - R cosa Y1), (7
R B,

Note that we suppcse that the dedric field and the presaure gradient are poloidall y constant.
Viathe continuity equation, the flux function F(r) defines the pooidal velocity:

v, = F(0) (8)
R R,
The velocities can then be expressed as afunction d G(r) and V(r):
RO,VO1RG, 3.0 RE 9
Y, = Gl o B)@ERSL ©)
_R vig, 3.0
V, = Rél—)G(rH ) §+25 T (10)
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€ istheratio r/R,. To compute G(r) and V(r) a suppementary equation is needed, ou choice
being the parallel momentum equation in which we retain paralel viscosity and reutral
friction:

cFO O v 11

E R vneoa (W,B) = 0 (11
The expresgons for the viscosity coefficient C and Ve in the plateau regime (the relevant
regime for the edge of TEXTOR-94[8]) aregivenin[2, 3.
We obtain an expresson for V(r) by eliminating G(r) between Egs. 5and 11

_ IrG)B o+ BV §+—EH hov
V(r) _ SV Cos a
% C%J’S—D“f _BY
20 Cosa

Note that C is a nonlinea function d E;, so that the Eq. 12 fas to be solved in an iterative
way. Once the two flux functions G(r) and V(r) are known, the velocities can be cmmputed
from Egs. 9 and 10,the dedric field profileviaEq. 6.

(12

4. Comparison and conclusions

In the theoreticd modelling we use the experimental profiles of n;, T;, and Te. In the
relevant region Te=35eV, T;=70eV. The n-profile is plotted in Fig. 5. Also shown there is the
asumed neutral density n,, which is used as a fitting parameter and is modeled by an expo-
nential function with an absolute scde such as to match the maxima of the modeled and mea
sured eledric field.

Figures 2-4 allow to compare theory and experiment. The measured E; profile and mag-
nitude is reproduced by the fluid model and an equally reasonable agreement is foundfor the
poloidal velocity. The toroidal velocity compares less stisfadorily. Whereas the crred mag-
nitude of the toroidal velocity is reproduced, the cdculated profile shows a maximum at the
pasition d maximal E; which is not foundexperimentally.

In the model, the latter maximum results from a pure geometricd effed as can be seen by
analysing Eqg. 9. At small pitch angles, V(r), and hence E;, has a strong influence on the locd
toroidal velocity, the value of which at the outboard equator (6=0°) becomes

o 2¢ V(r)
V(1,6 =07 =(1-£)G(r) = 5, (13

The surface aeraged toroidal velocity shoud havever not at al be dfeded by E, (seeEq. (4))
andisin that resped in line with the experimental observation. The higher E; grows the more
the theoreticd locd velocity shoud dffer from the surface aerage value. What is at stake
here is presumably our insistence on sticking to the magnetic surface & a @nstant density
surface Indeed, as down in [7], a high pdoida rotation speeds a significant poloidal
moduation d the plasma density can occur which in first approximation might result in a
cancdling of the secondterm ontheright in Eq. 13.We ae aurrently improving our theoreti-
cd model to take this effed consistently into acourt.
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Fig. 2: E, vsr: cdculated E, (solid line), Fig. 3: Vg vsr: cdculated Vg (), measured Vg
measured E; (¢). ().
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Fig. 4: Ve vsr: caculated Vo (A), measured V,, Fig. 5: n; (solid line) and n, (dashed line) vsr.
(0).
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