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1. Introduction.

A Mad probe is apowerful diagnaostic for the plasma elge since several plasma parame-
ters like the dedron temperature and -density, floating potential and dasma flow can be
measured simultaneously with a high spatial resolution.

The measurement of flow, parale to the magnetic field, is very well modeled and as-
sumed to be aroutine measurement. For the perpendicular flow thisis nat the cae. It will be
demonstrated that a Mach probe is able to measure dso perpendicular flows and that the 1D
fluid model that we developed to determine the parale and perpendicular flows from the
probe data, delivers reliable Madh numbers.

The Mad probe measurements are performed in the plasma boundry during electrode
polarisation dscharges in TEXTOR-94, poviding the unique posshility to creae aradial
eledric field E; and ensuing high toroidal and pdoida flowsin a mntrolled way. Hence, the
determined Mach numbers can be validated using the radial momentum equation (Eq. 3).

The experimental set-up is described in sedion 2,the 1D fluid model in sedion 3and the
measurementsin section 4.1n sedion 5 ,the 1D fluid model is validated and the conclusions
are drawn.
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Fig.1: Mach probe geometry. Fig.2: Mach probe: two graphite wllecorsare

flush-mounted in an isolating boron-nitride body.

2. Experimental set-up.

The Mad probe geometry is snown in Figs. 1 and 2 the toroidal and pdoidal diredions
are asumed to match the paralel and perpendicular direction, since the pitch of the magne-
ticfield at the considered radii i s very small.

The Mach probe is located in the equatorial outboard plane of TEXTOR-94. The probe
can be moved radially between dscharges. The rotation angle a, i.e. the agle of the probe

I Partner in the Tril ateral Euregio Cluster (TEC).
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surfaces with respect to the magnetic field, is changed ona shaot-day basis. We measure suc-
cessvely radia profil es at fixed angles with resped to the magnetic field.

The probe @nsists of two graphite @llectors separated by a borontnitride insulator (Fig.
2). The Madh probe is used in a doule probe configuration, the sweeing frequency of the
potential applied between the two colledorsis 200Hz.

The profile of the radial eledric field is determined with the Madh probe by measuring
the floating patential of both colledors.

The set-up d the eldge padlarisation experiment has been described previously [1]. A vol-
tage is applied between the limiter (r=46cm) and an electrode locaed at 41cm. The bias vol-
tage Ve in the experiments reported here is linealy ramped up from 0 to 700/ between
t=1.0sand 1.3, kept at a constant value for 2.6s and ramped dovnin 0.4s.

The plasma parameters are Bt =2.35T, I, = 210 KA and the pre-bias line-averaged elec
tron density is 1.0x10™ cm™®

3. Mode

A 1D fluid model, described in [2], is used to derive the parallel and perpendicular Mach
number from the experimental data obtained with the Mach probe. The model is an exten-
sion d the theory of Hutchinson [3,4] and describes the transport of parall el and perpendicu-
lar flow towards an inclined probe surface The model is vaid ony for rotation angles that
are not too small and gives an expresson for the saturation current colleded by the probe

surface:
s =Ny C ASING = N, ex%vt o — Asina .
sat sh™s I; tg %

A isthe surface of the mlleding area ng, the sheah edge density, M., the unperturbed paral-
lel Madh number, M the Mach number of the perpendicular flow. The soundspeed ¢ is gi-

ven by c;= (k(T, +T,)/m 2.
For the experiment, the parameter of interest is the ratio of the upstream and dowvn-

stream saturation currents which we cmpute from (Eq. 1) and where we introduced a fitting
parameter ¢(M ).

R:ﬂ—ex%w )Em, —% @
satdown e I tga

Cc(Mw) varies dowly with M, but is independent of M and a (see[2]). Its value lies be-
tween 2.3and 2.5

In(R), measured with the probe surface oriented at a=90°, gives diredly M. At least
one further measurement with the probe surface oriented at a different angle is required to
deduce M.

4. Measurements.

Fig. 3 shows measured radia profiles of In(R) for various angles a. The shown profiles
aretaken at t=2.1s, i.e. in the bias plateau when E; is constant. The markers indicate different
shats.

Both the parallel and the perpendicular flow will affect In(R). The shape of the profiles
shows that at radial paositions, where alarge variation d In(R) with o is measured, a substan-
tia perpendicular flow must exist (Eqg. 2). At radia positions, where no variation d R with a
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isobserved, R is only a function d the parallel flow. Figure 3 demonstrates that the inclined
Mad probeis snsitive to bah perpendicular and paralle flows.
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Fig. 3: Radia profil es of IN(l x,ug/l sat,down) Fig. 4: IN(lst,up/l st down) VS O @t r=47.1cm;
(=In(R)) at various angles o vsr; A=1350°, The dashed line shows afit of the experimental
*=90.0°, +=45.0°, 0=22.5°. points (¢) acordingto Eq. 2.

The fluid model, Eq. 2,confirms the presumption that R depends on Mg, Mjanda. It
gives the alditional feaures that a perpendicular flow does not influence R for a=90° and
that In(R) shows a mtangens behaviour for a#90°.

This behaviour is snown in Fig. 4 where In(R) is plotted versus a at the radial posi-
tion, where the variation d In(R) with o is maximal in Fig.3, i.e. a r=47cm. Equation 2is
fitted to the data points with M} and Mg as free parameters. By performing this fit at other
radial profiles we obtain the radial profile of M and Mg that is hown in Fig. 5.
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Fig.5: Perpendicular (solid line) and perallel Fig. 6: E, vsr: measured E, (+), cdcuted E, (+),
(dashed line) Madh number vs radius. -VeB,, (plain curve), v B, (dashed curve)

5. Discussion
The measured radial eledric field is compared with the one cdculated from the radial
momentum equeation:

_ 1
E = aDrp—vquﬁv(oBe_ ©)
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The velocities are calculated from the measured Mach number via v=M.c,. The dia-

magnetic contribution in Eq. 3is very small and therefore neglected. In Fig. 6 a mmparison
of the measured E; profile with the one calculated by Eqg. 3is $iown. It is clear that mainly
the poloidal velocity contributes to E; since the toroidal velocity term is negligible. Profile
and magnitude of the measured E; agreewith the alculated field.

6. _Summary and conclusions

The experiments sow that Madh probe data ae dfeded by parallel and perpendicular
flows. Together with the presented model the Madh probe offers a diagnaostic which is able
to measure Mach numbers with a high spatial resolution.

The 1D fluid model describes the transport of particles towards the probe surfaces. It
provides an expresgon for the ion saturation currents colleded by an inclined probe surface
and alowsto determine the parall el and perpendicular Mach number from the probe data.

According to the radial momentum equation, the measured E; profile shows a fair agree-
ment with the one deduced by the measured flow velocities. It can be mncluded that the
fluid model isviable and gives reliable Madh numbers.

Furthermore, we @nclude from this comparison that high perpendicular flows are gene-
rated in pdarisation dscharges and that the measured pdoidal Mach numbers show that E; is
clealy sustained by the perpendicular flow.
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