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1. Introduction

Recently, the "Mach probe" has been attracted interest in the field of fusion research
to measure the plasma drift velocities in the plasma edge region of tokamaks or other
magnetic confinement device$his simple probe is also considered to be applied to
insitu measurements in the space.

We have developed a new method by putting a Mach probe behind a movable separator
located in the upstream region in order to avoid the ion recycling problem occurred at the
separator, so that our method is different from that proposed by Chung [1], but the theory
in [1] is used to estimate the flow velocity because it gives an analytical solution to the
plasma density in the presheath. However, the theory developed in [1] has a problem as
pointed out by Hutchinson [2] ; Chung chose the parallel contribution of the perpendicular
viscous force asV,: (n;V.V;) = (ne — ni)(Veo — V;)/a?, while Hutchinson insists that
this term should be approximated n;(V., —V;)/a?, where n; is the plasma density in
the presheath,V,, the flow velocity outside the presheath which we want to know, and
a the half size of the object (a probe or separator). However, we emphasize that this
term should be approximated (V. —V,)/a® [3], although from this approximation
we cannot analytically estimate the plasma density in the presheath, in the same way
as Hutchinson’s case. There are another ambiguities in the theories, so that we have
independently measured the real flow velocity by using the dispersion relation of the shear
Alfvén wave (SAW);we have launched the shear Alfvén wave using two helical antennas,
one of them being located at the upstream region while the other at the downstream
region.From the difference between the two dispersion relations we can exactly know the
drift velocities as a function of the radius and calibrate the Mach probe measurements.

2. Plasma flow velocity measured with shear Alfvén wave

The helium plasma was produced by a magneto-plasma-dynamic (MPD) arcjet in a
cylindrical linear device (15 cm diameter and 2 m long) under the external magnetic
field B, =0.3 T. The plasma density and temperature in the experimental region were
5.2 x 10% cm® and 7o = 3.6 eV~ T}, respectively.

First we measured the real plasma flow velocity by using shear Alfvén wave propaga-
tion. A helical-type antenna of 14 cm diameter [4,5] as shown in Fig. 1 was used to excite
preferentiallym = -1 (m :the poloidal mode number) mode of frequency less than the
ion cyclotron angular frequencwg; = 7.2x 10° rad . We used two helical antennas
as mentioned above, one being used to launch the SAW from the upstream side and the
other from the downstream side. The magnetic field compobgat the launched wave
packet was detected by two small magnetic probes located with an interval of 20 cm along
the field line. The data were processed digitally using FFT to obtain the dispersion rela-
tion. Figure 2 shows two dispersion relations, the closed circles corresponding to the wave
propagating from the upstream side, while the open circles from the downstream side.
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The solid line indicates a theoretical dispersion relation of the SAW including ion-neutral

collisions [6],
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with the complex factor S given by

P
S=1+ 1—%, (2)
—z-———-—
Po Vin

where p, andp, are, respectively, the mass density of the ion and neutraly;ritie
ion-neutral collision frequency.

Two dashed lines are the dispersion relation shifted from the solid line by drift velocity
+5.0 x10° cm/s, respectively. From these best fitting curves, we obtain the real plasma
flow velocity V,, = 5.0 x10° cms~! or corresponding Mach numbM,, = 0.4.

3. Mach number measured with Mach probe

According to Chug [1], the sheath edge densitrn, of the probe behind the separator
is obtained as follows,

ns=nm[(2+a)— 1+ 01)]"‘s exp [aMo (1+0)(2—Mo) -arctan (1) Mo H,

Va Va Va
where My = My(Ly) is the Mach number in the free-presheath generated by the separator,

and § andgq are the same as given in [1]. The density n,, is calculated from the following
relation,

{ arctan

Ly _ 7t nuG(M)~ exp [H(M)](1— M?)

LqL 1 1= n,G(M)-Sexp[HM)] G(M)
where the functions G(M) and H(M) are defined aso in [1], and L = (a/d)* and L4 =
d*C;/D,. The relation betweeM,, andM, is caculated from the following equation,

am, (4)
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where v = (1 +2)/(2+ «) and

((1+ a)(2\%— Meo) )_ srctan ((1 + a)(f}{ I)Moo>] . (6)

It is then possible to calculate the sheath edge density at the probe as a function of
Ly/L4, and comparing it with the experimental values, we okL4i~ 15 cm, and so

the phenomenological diffusion consteD; ~ 0.5Dg, where Dg is the Bohm diffusion
coefficient.

Applying this theory, we can calculate the ratio of the sheath edge duising/n;,
whereny, is the sheath edge density without the separator. Figure 3 shows the schematic
drawing of the experimental setup for the Mach probe of diameter 2a = 1.1 mm and the
separator of diamete2d = 4.0 mm. Measured raticR is shown in Fig4 vs. the length of
bounded presheatlL, together with theoretical ones whan= 0.5. From this figure, the
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measured Mach numbers are agreed well with the theoretical curve for M., = 0.5 beyond

Ly =1 cm, which is comparable with the real valM, = 0.4. Deviation of the data

from the theory in Ly, < 1 cm may be due to the influence of the finite size of the probe

or turbulent flow around the deparator even though the Reynolds number is very small.
Considering some ambiguities of the theoretical background, we could conclude that

the Mach theory proposed by Chung is applicable to rough estimation of the plasma flow

velocity along the magnetic field line.

Acknowledgements

This work is supported in part by Grant-Aid for Scientific Research from Ministry of
Education, Science and Culture.

References

[1] K-S. Chung: Phys. Plasnia 2864 (1994) .

[2] I.H. Hutchinson: Phys. Plasn2a1794 (1995).

[3] Y. Amagishi and T. Miyazaki: to be published.

[4] Y. Amagishi, M. Inutake, T. Akitsu and A. Tsushima: Jpn. J. Appl. P2Q2127 (1981).
[5] Y. Amagishi, K. Saeki and 1.J. Donnelly: Plasma Phys. Contr. FiBi0675 (1989).

[6] Y. Amagishi and M. Tanaka: Phys. Rev. L&tt, 360 (1993).

Bo
—_—
- e
N Y AN AANA
U7 |~ 74 2
m=-1 e ~ - m= +1

Fig. 1. A helical antenna to excite m-=1 shearAlfvén wave

1612



1998 ICPP & 25th EPS CCFPP ----- Plasma Flow Measurements Using a Mach Probe Calibrated...

4 T T T T T T ¥ T T
6;. -
- Pl
//
—~ - -
wv p -
%‘ A"/ ///
g4 o !
.0
) ./ f-4
= 5
2
N | /// |
3 P
7
s
2
2 i : .
V 4 e Up to Down
4 © Down to Up
L 1 : [ R 1 R 1 L 1
0 0.2 0.4
-1
kj| (cm™)

Fig.2 Dispersion relations of shear Alfvén waves.
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Fig.3 The Mach probe located behind a separator.
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Fig.4 The ratio of measured ion currents vs. Ly, together with
the theoretical curves for o = 0.5.
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