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ABSTRACT

The H, monitor system installed on TEXTOR in conjunction with the Ad-
vanced Limiter Test-II (ALT-II) toroidal belt pump limiter is introduced. The
monitors are used to study edge particle fluxes and recycling, correlations to con-
finement properties of core and edge plasma with ALT-1I, and also high-power aux-
iliary heating (~5 MW) during long-pulse {~4-s) operation of TEXTOR. A model
of the edge particle flux based on the H, measurements is presented. The ALT-II
experiments are to be carried out in various phases. Here we discuss the results
obtained from the monitor system during the initial phase of operations following

the installation of the ALT-II limiter, with ohmic heating only.






I. INTRODUCTION

In general, a pump’ limiter can control the plasma density only by removing a
small percentage of the particles that would otherwise be recycled after hitting the
wall of the vacuum chamber or the limiter. Already, for example, the Impurity Study
Experiment (ISX) pump limiter! and the Advanced Limiter Test-I (ALT-I) modu-
lar pump limiter? on the TEXTOR tokamak have successfully demonstrated such
density control. Recently the ALT-II toroidal belt pump limiter® was installed on
TEXTOR.* To evaluate the performah_ce of ALT-1T on TEXTOR, the edge plasma
fluxes and their recycling in time and space must be measured and monitered during
the pump limiter experiments. A conventional diagnostic for studying the particle
recycling is monitoring of the Balmer alpha (H,) emission from the edge of the
plasma. This radiation results from the collisional excitation of a neutral hydrogen
(deuterium) atom from the device wall ar limiter surfaces when it enters the plasma.
These measurements are made with optical H,, diagnostics in various locations on
TEXTOR. The tasks of fully implementingvthese diagnostics on the device and car-
rying out the measurements and data evaluations during the ALT-II experiments
are the responsibility of the Plasma-Materials Interactions Group of Qak Ridge Na-
tional Laboratory (ORNL) in collaboration with the University of California at Los
Angeles and TEXTOR staff members. The ALT-1I experiments will be carried out
in several phases. Figure 1 contains the experimental program outline with respect
to other belt limiter and modular pump limiter experiments in major tokamaks and
the expected schedule.® ,

TEXTOR? is a medium-sized tokamak with a major mdiué Ry = 175 cm, a
minor radius a = 40-48 c¢m, a liner located at ay, = 55 cm, a toroidal field B = 2 T,
and a typical plasma current I, = 350 kA, corresponding to an edge safety factor
g(r = 46 cm) = 3.5. Most of the plasma runs are with prefill gas only. A typical
discharge duration is ~3.5 s, with an electron density n. ~ 3 x 10 ¢cm™® and
temperature T, ~ 800 eV. Core and edge plasma paramelers are summarized in
Table 1. The device liner is kept at elevaled temperature, about 300°C, but all
viewing ports are water cooled and their temperature typically stays around 40°C.
The TEXTOR limiter system consists of an ion cyclotron heating (ICH) antenna
limiter at » = 48.5 cm :a'nd a main limiter with one segment about 60 cm wide on
the inner wall at 7 = 48 cm; the other threc limiters are 30 cm wide in the poloidal

direction, about 10 cm in the toroidal direction, and movable from r = 40 to 48 cm.
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Fig. 1. ALT-II experimental program outline. Schedules for belt limiter and
modular pump limiter experiments on other large tokamaks are shown for compar-

ison.

Table 1. Typical core and edge plasma parameters in TEXTOR

Magnetic field B, T 2
Plasma current I, kA 350-450
Discharge duration, s 3-4
Plasma current flattop duration, s 1.5
Mg, cm™?
Edge 1-2 x 1012
Core <5 x 103
1., eV
Edge 20-40
Core 800-1200

Edge density scale length Ap, cm ~1




In Sect. II, we discuss the ALT-II pump limiter system and its basic parameters.
In Sect. III, the layout and characteristics of the H, monitor are given. In Sect. 1V,
we develop a model for estimating the particle fluxes from the measurements of the
H, radiance. The absolute calibration of the monitors is covered in Sect. V. In
Sect. VI, we discuss the use of the monitor results for assessing the ALT-II perfozr-
mance, recycling, and particle balance and for estimating the particle confinement
time.. In Sect. VII, the locations of the initial-phase monitors on TEXTOR are
given. The results obtained during the initial-phase ALT-II experiments, during
which the limiter blades were inserted to r = 46 cm from their resting position of
48.5 cm, are presented in Sect. VIII. The particle fluxes in the core plasma and on
the wall and the limiter are estimated, and the global confinement time is calculated
for the stationary part of the plasma discharge. General remarks and discussions

are contained in Sect. IX.

II. ALT-ITI PUMP LIMITER SYSTEM

The ALT-II toroidal belt pump limiter is an extension of the ALT-1 modular
pump limiter previously operated on TEXTOR. The ALT-1I limiter consists of eight
blade segments, each about 28 cm wide and 1.7 cm thick, covered by graphite tiles
mounted on adjustable supports (mdvable over about 5 cm radially) located 45°
below the outboard midplane of the device, as shown in Fig. 2. A 45° neutralizer
plate behind each blade looks to a pumping chamber. The resting location of the
ALT-II is 48.5 cm. The nominal oper’ating location of the ALT-Il is a; = 46 cm; in
this position it is the main limiter of the system. Experiments are also planned with
ALT-II located at 44 cm. The basic objective of this pump limiter is to demonstrate
plasma density and impurity control during long-pulse (about 4-s) operation of the
TEXTOR tokamak in the presence of neutral beam injection (NBI) and ICH (total
auxiliary power of about 5 MW). The pump limiter system is designed to remove 5
to 10% of the plasma éﬁiux with a nxi?limurn pumping capacity of 30-40 m®/s. The
limiter can withstand heat loads up to 300 W/cm?, which is the maximum heat

flux for which the leading edges of the blades are contoured.

II1. H, MONITOR LAYOUT

A schematic of the H, monitor and its components is shown in Fig. 3. Basically,

a narrow band {AX = 10 nm) interference filter is used to obtain the H, radiation
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Fig. 2. (a) Cutaway view of ALT-II toroidal belt pump limiter on TEXTOR.
(b) Photograph of the inside of the vacuum vessel, showing ALT-1I and the poloidal

sections of the main limiter.
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e Components of the H, monitor are:

Narrow band interference filter, 656 nm
Plano-convex spherical lens, 26.5 mm
Photodiode, active area 5.1 mm?
Signal amplifier (PS: + 15 V)

Micarta for isolation

Black plastic, cuts reflections

. . Aluminum pipe

e Bandwidth: DC-5 kHz

e Qutput voltage: 0-15 V
Fig. 3. Schematic view of the H, monitor on TEXTOR.

NOOAWN

(Mg, = 653 nm). The light is focused on a photodiode for detection, and the signal
is amplified. Figure 4 shows the response function of the filter used. The photodiode
has an effective area of 5.1 cm?; its characteristic response is presented in Fig. 5.
Details of the photodiode’s characteristics and its operation are given in Ref. 6.
The diameter of the detector aperture is D. == 19 mm, which can be reduced if the
detector saturates. The field of view of the detector is 5.5°, and it has a maximum
light throughput of (AQ)4 = 2.07 x 1072 sr-cm?. The monitor output voltage Vour
is linear with the light input up to 15 V, and the bandwidth is about 5 kHz.
Figure 6 is a simplified electrical equivalent circuit diagram of the monitor.
The circuit consists of a photodiode and two high-gain operational amplifiers. This
model is very helpful in estimating the calibration factors of the monitors during

design, as discussed in Sect. V.
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Fig. 6. Schematic of the monitor electrical circuitry.

A number of tests and checks were performed after the detectors were installed
on TEXTOR: measurements of signal-to-noise ratio, thermal drift and reproducibil-
ity, reliability, and signal levels at various plasma densities. The results were very
satisfactory. For example, the thermal drift of the monitor during 4 h of opera-
tion is shown in Fig. 7(a); no apparent drift is observed. The monitor noise level,
displayed in Fig. 7(b), is only the bit noise (~2.5 mV) of the data sampling sys-
tem. The detectors performed very well in every phase of the measurements and
experiments.

A typical H, signal from one of the monitors, together with plasma density
during the TEXTOR discharge, is shown in Fig. 8. The H, signal, Fig. 8(a),
almost follows the density except in the early phase of the discharge, when there
is a finite gas injection during the first ~0.25 s, as shown in Fig. 8(b), and the H,

emission is considerably higher during the gas breakdown.

IV. MODEL FOR ESTIMATING PARTICLE FLUX

Although the H, emission is being modeled” with the DEGAS neutral transport
code,® it is useful to make first-order estimates of the particle fluxes from the mea-
surements of the H, radiance. To do so, we need to relate the measured H, radiance
(signal), N, to the edge plasma particle fluxes. In this discussion we assume that
a hydrogen (or deuterium) atom leaving the wall or limiter enters the edge plasma,
where it is excited by collisions with electrons. As a result, it gives off H, radiation,

H + e= — e™ + H* (Balmer alpha radiation). Similar radiation can also occur
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Fig. 7. (a) Absence of thermal drift during 4 h of operation. (b) Absence of
monitor output noise. The noise in the figure is the bit noise (2.4 mV) of the data

acquisition system.
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is a finite gas injection for the first ~0.25 s, as shown in (b); the H, signal is

considerably higher during this gas breakdown.
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from the dissociation of molecular hydrogen, but the cross-section ratio of these two
Processes is Oex./0diss & 5 for edge plasma temperatures of T, = 20-40 eV, which
are typical for TEXTOR. Therefore, for this study we consider only excitation of
the atomic hydrogen as a source of H, radiation.

For simplicity, we consider a one-dimensional geometry for the plasma edge: the
slab model shown in Fig. 9. The H, emission rate density for a unit area is given
by®

dN,/dz = (1/47)n3 A3y , (1)

where N., has units of photon-sr "1:s7!-cm ™2, n; is the population density of the

n = 3 level in neutral hydrogen, and A3 is the transition probability to the n = 2

state as shown in Fig. 10. From the assumption of corona excitation,® we write
NN <0Ue>exc - n'3(A]3 + A23) ) (2)

where n; = ng(z) and ne(z), which are the ncutral atom and electron local densities,
respectively; (ove)exc 1s the collisional electron excitation rate for the upper level
of the transition; and the 4;; are the transition probabilities of the excited atom’s

energy states, as depicted in Fig. 10. Using Eq. (2) in Eq. (1), we find

N, = (B/47r)/0xda: no(z)ne(T){ove)exc (3)
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excited state.

where B is the branching ratio, B == A35/(As1 + Aaz), and is typically B = 0.5 for
the Balmer alpha radiation.!® The particle flux that is leaving the plasma edge can

be calculated by integrating the continuity equation,

e = / dz none(ove)ion » o (4)
0

where (0. )ion 1s the ionization rate coefficient. Considering the particle recycling

from the wall/limiter, we obtain the neutral particle flux,

Fo = RFe =z / , dr TLOne<(r’Ue)iou ) | (5)
0

where R is the global recycling coefficient of the wall/limiter and in this case R =

—1. By comparing Eqgs. (3) and (5), we get

To = ({oVe)ion/(00e )exe (A /BN, . (6)
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Here ', represents the neutral particle flux from the wall/liner or the limiter. We

may rewrite Eq. (5) as
Co =T'6/Ny = ({00e)ion/(0Ve)exc )(47/ B) . (7)

This factor C,, which has units of particle-sr-photon !, clearly depends on the
edge plasma temperature and should be estimated to allow calculation of the particle
fluxes from the H, measurements. For example, in Fig. 11, we display C, for
T, = 20-60 eV, the typical TEXTOR edge plasma temperature.? For a H, monitor
that is looking to the wall/limiter, the output signal is related to the total photon

flux received; that is,

¢-y = C'y‘/out = (AQ)dN’Y : (8)
Using Eq. (7), we get
Ly = [C'YCO/(AQ)d]Vont = Cux Vout 5 (9)
where
Chiux = [CyCo/(AN)4] (10)

and C, is the absolute H, light calibration factor of the monitor, which is discussed

in detail in Sect. V.
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V. MONITOR CALIBRATION

In order to estimate the particle flux from the H, measurement, the monitors are
absolutely calibrated with a standard light source, in this case a tungsten halogen
lamp made by EG&G.*! The light source is chopped at 100 Hz to prevent saturation
of the monitor output during this process, as required by the monitor’s electrical
circuit de51gn The monitor is placed 200 cm away from the source with its aperture
reduced to 0.5 cm in diameter. The voltage output let of the monitor is recorded
on a storage scope as a function of the known photon energy flux ¢. received.
Table 2 presents the calibration results, C,, = ¢,/Vou, for the monitors and their
specific locations on TEXTOR.

As we see from Fig. 6, when the monitor is illuminated by a light source with a
known spectral irradiation, P, (W/cm?-nm) at the wavelength Ay, = 653 nm, on
the lens, the detector’s photodiode current I; depends only on this photon energy
flux as received within the bandwidth of the interference filter and the detector
aperture area A. One H, photon has an energy of 1.88 eV, as shown in Fig. 10;
thus, we have a

¢y = 3.325 x 10" P ANA L (11)

Table 2. Locations and calibration factors of TEXTOR

H., monitors

Aperture C, _ Chux
Monitor : diameter (photon-s™1-V) (em™Zs 1.V~
number Location (cm) (10%%) (1018)
HA1 ICH antenna 1 10 - 6.9 4.8
HA2 Vertical 19 ‘ 6.32 1.2
observation
HA3 ALT-II blade/ 10 6.6 4.6
- limiter
HA4  Wall/liner 19 6.06 1.2
HA5  ALT-II blade 13 ' 6.25 2.6
tip

HAS6 ICH antenna 2 10 6.06 4.2
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From the transmission factors of the lens, i, and the filter, 7, and the response
function of the photodiode Cy4(Ay, ), as shown in Fig. 5, we can express the output

voltage of the detector as
Vout = IaR¢G = (Pn AMNACymne) BeG (12)

where Hy is the feedback resistance of the input circuit and G is the voltage gain
of the following stage. Using Eqs. (11) and (12) in the definition of the calibration
factor, Eq. (8), we find

Cy = (3.325 x 10"®) /(R GCame) . (13)

The monitor design parameters are as follows:

Ry =2 MQ,

G = 11,

Ci(An,) =042 A/W,
n = 92%,

ne = 62%.

Using these parameters in Eq. (13), we obtain
C, = 6.3 x 10'! photon/s- V . (14)

We see from Table 2 that this value is about what we have measured experimentally
for the monitors.

Equation (13) is also particularly useful in the design of the monitors. If the
expected particle flux can be estimated, then the required H; and G can be calcu-
lated for a desired value of the detector output voltage, which may be determined
from the requirements of the available data acquisition system.

We can relate the monitor output signal to the plasma flux in which we are
interested by using the model that we discussed in conjunction with the detector
calibration. When we install the monitor on the device, it will collect light through
the plasma column emanating from the far side (FS) as well as from the near side
(NS) of its field of view. This is as a result of the short mean free path (<10 cm for
the TEXTOR plasma parameters) of the neutral particles at the edge that create an
annulus light source at the plasma periphery, as observed with a spatial television
camera on TEXTOR. Therefore, the total photon flux received by the detector is
actually

¢y = CyVour = [N(FS) -+ No(NS)|(AR)q , (15)
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and using Eq. (7) in Eq. (15), we write
To(FS) + To(NS)[Co(FS)/Ca(NS)] = [(4Co(FS)/(AR)a]Vowr . (16)

Furthermore, if we assume poloidal symmetry in the edge plasma temperature, so

that Co(FS)/Co(NS) ~ 1, then Eq. (16) becomes
TO(FS) + Fo(NS) - C'ﬂuxV'out . (17)

Here again

Chux = CyCo(FS)/(A2)g , (18)

As a typical case, if we take T, = 25-30 eV for the edge plasma, with C, from

Chux = 1.2x10% em™2.s71. V1, (19)

This factor may be modified if the monitor aperture must be reduced to keep the
voltage output from saturating. For example, as we see later, on TEXTOR the

blade monitor aperture was reduced to Dy, = 10 mm.

VIi. MEASUREMENT PARAMETERS ON TEXTOR

In this study, we are interested only in the case in which the ALT-II is the
main limiter of TEXTOR, which happens when it is at » = a;, = 46 cm. The
H. measurements obtained from the wall/liner monitor are si’m‘ply related to the
wall/liner radial flux I's(w)/R. The limiter blade flux I',(I.) obtained from the
limiter blade monitor, on the other hand, can be related to the poloidal edge flux
I'g(z = 0) that hits the blade leading edge, and the resulting emitted neutral particle
flux may obey a cosine distribution. In this case, considering the geometry and the
angle of field of view of the blade monitor with respect to the vertical direction, we

write

[o(L) & RTgcos(2a +6), (20)

where 6}, is the poloidal angle of the limiter location, which is 45 for ALT-II, and
a is the shaped angle of the blade leading edge, which is about 10°, as illustrated
schematically in Fig. 12. Here we ignore the contribution from the radial core flux
on I',(L), since typically (core flux/poloidal flux) ~ 10 *- 1072

We now discuss how we can use these measured fluxes to study the performance
of ALT-II and the particle balance considerations in TEXTOR.
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Fig. 12. Schematic of the ALT-II leading edge used for obtaining Eq. (20).

A. ALT-II Performance Studies

One performance parameter for ALT-II is the exhaust efficiency €, which in-
dicates the fraction of the total particle eflux N./7, that is pumped out of the

system:

f:poseff/(Ne/Tp) ) (21)

where N, is the total core plasma density and 7, is the global particle confinement
time. The particle exhaust is estimated from the pressure buildup p, in the pumping
chamber and the eflective pumping speed Seg as poSex. Therefore, to assess the
operation of the ALT-II, we need to know N./7,, which can be related to the total
particle fluxes from the edge. As we have discussed, the absolute value of the total
H, radiance from the edge represents the measure of the total recycled particles ¢,

from the wall/liner, ¢, or the limiter, ¢;,. Namely,

$o = R, (22)
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where ¢ = N, /7, is the total particle efflux and

o = Tjb; = dw + $L . ; (23)

Here, knowing the area of the wall and the effective limiter area, we write

¢w:/dAnum

and

QSL = /dA ,F()|limit(-.r-' :

In general, I', may have a poloidal (8) and toroidal (¢) dependence. Therefore, a
number of H,, monitors are placed around the device to obtain I',(6, ). In addition
to the limiters, a possible source of particle recycling is the presence of ICH antennas

at the edge; TEXTOR has two antennas.

B. Particle Balance Studies énd, Recycling

To study pa,rticle‘conﬁnement in the device, we need to understand the particle
recycling mechanism through the edge particle fluxes in various operating modes of

the device. To do this, we start with the particle balance equation
dN /dt = peyy + (R -~ 1)N /1y (24)

where ¢.,t is the external fueling source (i.e., gas pufl, pellet injection, NBI, and
their respective fueling:éfﬁciencies must be considered) and R, as noted, represents
the global particle recycling coefficient. Here N, /7, is related to the total radiance
of H, as

b0 = R(Ne/7) 3 (25)

also, ¢, is related to the total ionization source at the edge; that is, Z]. ;i = Po.
Using Eq. (25) in Eq. (24), we get

R = ¢o/[ext + do — (dN./dt)] . (26)

The effect of the ALT-1I pump limiter on recycling can be investigated through
Eq. (26). For example, in the case of ¢yt = 0, we can estimate R simply by
simultaneously measuring the density decay, 7, = (—dN./dt) ' N,, and the total

H, radiance when the ALT-II pumps are turned on.
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C. Global Particle Confinement Time

The global particle confinement, or replacement, time can be estimated from

Tp = Ne/¢l - RNe/d’o ) (27)

where

27 27
¢i(z =0)=(¢u +¢L)/R = aeRo/ dé / dp Li(x=0,8,¢), (28)

which is the total radial flux passing through the plasma boundary, ¢ = 0 (or

r = ay), whose area is A (z = 0) = 4n’a¢RRy, as shown in Fig. 13. Here the
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recycling coefficient may be obtained from Eq. (26). For the sake of making a first-
order estimate of 7, if we ignore the 8 and ¢ dependences of the radial edge flux

I'), then Eq. (28) simply becomes

bz =0)=AT,(z=0). - (29)

Moreover, if we ignore the source term in the continuity equation (for example, by
st‘aying far enough from the limiter), then we have the relation between I' | and the
parallel flux along the magnetic field line [y and the Wdll/hnu flux I'o(w) within
the ﬁux tube defined by the limiter,

Uy o= Do(w) + (Ar/ L)y (30)
where Ap repr‘esents the characteristic scale length of the edge flux and
L= mwqRy (31)

is the connection length for the ALT-II toroidal belt limiter. We can also relate I}

to I'g as follows:
Ly = Ie(qRy/ag) - v (32)

In terms of the ion sound speed ¢, the particle flux along the magnetic field line

may be calculated from'?

I‘“ —_ v”ne(m o O) e 0'3"‘665 » (33)

which can be obtained from measurements of the edge plasrﬁa.‘derisity ne(z = 0)
and the temperature T.(z = 0).

The cross-field diffusion coeflicient D of the boundary may be calculated from
the radial edge flux I'j (z = 0) and from the measurements of the characteristic

density scale length A, of the edge as
Dy =T (e = 0)Aa/nale = 0)] (34)

Finally, by combining Eqs. (26) and (27) we can estimate the global particle con-

finement time from the measured total H, radiance and density as follows:

Tp = T /[l + (¢ext + d’o)(TI;/N(‘)] ’ (35)

For example, if only gas injection is present, then @ext == @gastiueling, Where @gas is

the gas injection rate and 7gciing is the fueling efficiency (~50-100%).
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In Sect. VIII, we use these relations and the experimental measurements made

with the H, monitors on TEXTOR to estimate the various edge fluxes.

VII. MONITOR LOCATIONS ON TEXTOR

Measurements of the H, emission were performed in TEXTOR following the
recent installation of ALT-Il. These measurements are carried out to determine the
distribution of particle fluxes in the plasma vessel as a function of location, time,
plasma parameters, and heating method. Qur main goal is to study recycling and
global particle confinement and their correlation to plasma performance with the
ALT-1II toroidal belt pump limiter, but we are also interested in the core plasma
confinement characteristics resulting from the recycling control. For this purpose,
initial-phase, absolutely calibrated H, monitors are distributed around the device
to measure the toroidal and poloidal variations of the particle fluxes, particularly
in the regions near the ALT-II limiter blade and tip, on the vacuum vessel liner,
and on both ICH antennas. One monitor is placed to make vertical observations
of the plasma cross section. The locations of the monitors are shown in Fig. 14.
The field of view of each monitor is illustrated in Fig. 15. Up to nine monitors are
planned; areas to be observed include the future inner bumper limiter, NBI, and
the device gas puff. The total number of monitors may change as warranted by the

information obtained in the various phases of the ALT-1I experiments.

VIII. EXPERIMENTAL OBSERVATIONS AND RESULTS

Before we discuss the experimental observations, let us briefly review how we
calculate the wall/liner flux I',(w) and the ALT-II limiter blade flux T'x(L) from
the monitors that look vertically through the plasma cross section, as shown in
Fig. 16. Here V,,(w) is the output voltage from the monitor H,(w) that views
the TEXTOR vacuum vessel wall/liner, and V(L) is the output voltage from the
monitor H,(L) that views the blade. Since the viewing cross section of Hy(w) is
far enough from the limiter blade, which is the particle source, we may assume

I'o(FS) ~ I',(NS) for the wall fluxes. Thus, from Eq. (17), we write

Lo(w) = 0.5CHux (W) Vour(w) . (36)
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On the other hand, H, (L) observes I',(w) 4 I'(L); hence
I‘()(L) == (7ﬂux(L)-Vout(L) 110(W) . (37)

Here Cqux(w) and Caux(L) are the flux calibration factors of the wall and the limiter
monitors, respectively.

Let us now discuss the H, measurement results obtained during the initial-
phase ALT-II experiments, during which the blades were moved, one at a time, to
7 = ay = 46 cm from their resting position of a, = 48.5 ¢cm. In Fig. 17 we display
plasma shots for which the line-averaged core plasma density was kept constant

(ne = 2.5 x 10 ¢cm ™) while the blades were inserted. For these experiments no



22

ORNL-DWG 88-2493R FED

(@) HAY AND HAG (b) HAZ2, VERTICAL
FOR ICH ANTENNAS

®

CF 63 o
2:156 cm ¢

HA1, S=22 cm, /5( RoRT /(\
)/

HAB, $=30cm, 15.5° -
2164 cm — 10

(¢) HA3, BLADE 6°
PORT Ecm

//\E\ 74 cm
£18.75 cm—
B + - ’

ALT-II BLADE No. 2

(&) H4, LINER (&) HAS, 2 T
BLADE' TIP 20 om

PORT
® | [ ® ]
IN
77 cm . | =132 cm
@ =122 cm
g
]
+ - + -
*-32.2 cm-=
17 cm—=
1 )
\ ALT-TI
- BLADE

Fig. 15. Schematic of the fields of view of the monitors for (a) ICH antennas 1
and 2, (b) vertical plasma observation, (c¢) ALT-II blade 2, (d) wall/liner, and (e)
blade tip. Here £ represents the length of the viewing chord.




23

ORNL-DWG 88-~2494 FED

Hq MONITOR
FOR WALL /LINER }

Hq MONITOR
FOR BLADE

MONITOR FIELD
OF VIEW

, RADIAL
FLUX

, POLOIDAL
FLUX

Iy (L),
BLADE FLUX -]

Tylw),
WALL
FLUX
WALL/LINER
Fig. 16.  Schematic plasma cross section with the wall/liner and the
blade/limiter monitors.
, ORNL-DWG 88-2495R  FED
CrT T T
STARTING SHOT: 28135
50 — ]
"
'
S 40 p— -
o
e}
= sLeBL7
X 30— , g | —
3, -3 BL3 }
> ne=2.5x10"" cm ®
Gl ® e T e e
w —
z 20— } ® @ }
& BL8
o BL2 (ALT-T BLS
10 b— BLADE No. 2) ]
. 04=48.5cm
N N

130 135 140 145 150 155 160 165
SHOT INTERVAL

~Fig. 17. ALT-1I experimental shots with constant density.



24

external gas is used during the discharges (i.e., ¢ext = 0). The typical plasma
density during one of the discharges is shown in Fig. 18. The measured voltage
output Vo, (L) of the limiter monitor as.the ALT-II blades were moved in one by
one is shown in Fig. 19. The ratio of the voltage output from the blade monitor to
that from the wall /liner monitor for this set of experiments is almost constant, as
shown in Fig. 20, and we find Ry, = [,(L)/To(w) = 20.

The variations of V(L) and V,u¢(w) as a function of core plasma density when
ALT-II was finally located at its nominal position of ay = 46 cm are shown in Fig. 21.
Let us estimate the particle fluxes during the stationary phase of the discharge. In
this case the particle recycling coefficient R = 1, since there is no external source
and no rate of change in plasma density. From the figures, we have V i (w) = 0.85 V
from the wall/liner monitor, which has an aperture of D,, = 19 mm, and from the
blade/limiter monitor, with an aperture of Dy, = 10 mm, we get V(L) = 2.5 V.
From Egs. (36) and (37) we then find

Do(w) =5 x 10 em ™2 .57, (38)

[o(L)=1x10"7 cm ™2 .s71 | (39)
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and from Eq. (20) we get the poloidal edge flux,

g =245 x 10" em™? -s ! . (40)
Using this value in Eq. (32) for a safety factor g = 3.5 gives

Ly =327x10"% ecm™2 57" . (41)

We can also estimate this quantity from Eq. (33) by using the measured edge plasma
parameters, ne = 1.7x10%? cm ™ and 7. = 25-30 eV; for this case I'j(calculation) =
3.4 x 10'® cm~2.s71. Finally, for Ar = 1 c¢m and a limiter connection length L, =
1925 cm, and using the flux values given by FEqs. (38) and (41) in Eq. (30), we

obtain the radial particle flux that is leaving the core plasma to the edge,
Pi(z=0)=6.7x10" cn™?.57"; (42)

using this value in Eq. (34) with A, = Ap, we find D = 4000 cm-s~!, which is the
value estimated for the TEXTOR boundary plasma.!3
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The global particle confinement time, which is given by Eq. (27), can now
be readily estimated. We assume a parabolic density profile, which gives N, =
1.37 x 102° particles for the core plasma volume of V, = 7.3 x 10% cm?®, and take
the core plasma area to be A (z = 0) = 3.178 x 10° cm?. With these values
and Eq. (42), we find the plasma efflux ¢, = 2.1 x 10%! s='. Thus, the global

particle confinement time is about 7, = 65 ms, which is consistent with earlier

results obtained from the edge Langmuir probe measurcments.'*

IX. DISCUSSIONS

The H, monitor system installed on TEXTOR is now ready for the next phase
of ALT-II experiments with high auxiliary heating power. During these experi-
ments the ALT-II pumping system will also be activated. The results from the
H, monitor system will contribute to the understanding of the toroidal belt pump
limiter and its effects on the confinement characteristics of the TEXTOR core and
edge plasmas. To carry out this task effectively, results from the other core and
edge diagnostics in TEXTOR need to be correlated with the H, measurements.
Examples are the measurements of the edge plasma properties with the lithium
beam, the ALT-II Langmuir probe, and the other optical edge diagnostics. We also
hope to see the H, monitor system used not only in the ALT-II experiments but
also in the other experimental programs on TEXTOR, such as core plasma confine-
ment studies. Specific areas include measurements of H-mode/l.-mode confinement
properties, characterization of attached/deattached plasmas, and ICH/NBI heating
experiments.

Similar H,, monitors are being used on the Advanced Toroidal Facility!® at

ORNL.
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