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1. Introduction
Some gas puffing experiments have been performed on the RFX reversed field pinch during the
current sustainment phase. The goals of the experiments were mainly two. First of all, as already
done for stationary RFX discharges [1], to analyse the electron density behaviour and to obtain
information on the transport mechanism during the perturbed phase. Moreover, since the RFX
graphite first wall can be heated up to 300°C and this is believed to ensure lower recycling and
higher plasma purity, we have done puffing in cold and hot first wall conditions to investigate the
wall behaviour at different temperatures.
The puffing experiments have been performed using two different types of valves:
piezo-electric (PZE) valves, which have been used to induce a moderate influx perturbation, and
(EM) valves, allowing a larger influx perturbation.
Three different types of experiments have been analysed. In the first experiment (pulse
8981, Ip=360kA) the first wall was kept at room temperature and the PZE valves were driven for
20ms at 300V. Taking into account the opening delay of the PZE valves, this corresponds to an
effective influx of 1.2·1021m-2s-1 between 47ms and 67ms.
In the second experiment (pulse 9812, Ip=900kA) the first wall was at a temperature of
240°C and the PZE valves were opened for 40ms at 300V. As before, this corresponds to an
influx of 1.2·1021m-2s-1 between 62ms and 102ms.
In the third experiment (pulse 9685, Ip=650kA) the first wall temperature was 270°C and a
large density perturbation was applied by driving 8 electromagnetic valves (EM) for 18ms at the
maximum allowed voltage of 18V. Taking into account the opening delay and assuming the
throughput increases and, after the voltage pulse, decreases with a triangular and symmetric
waveform, we have an effective puffing between 37ms and 47ms with a maximum influx of
5·1021m-2s-1 at 42ms.
The paper presents the results of the experiments and the information obtained analysing
the plasma response to the applied density perturbation both with a 0-dimensional and a
1-dimensional model.
2. 0-Dimensional analysis
As a first approach, the three discharges described above have been analysed by means of a
0-dimensional two-reservoir model. The aim of this analysis was to investigate the dependence of
the first wall behaviour on temperature. The equations of the model are [2]:
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where Np is the total plasma particle content; Nw is the wall inventory; τp is the plasma particle
confinement time; τw is a time characterising the adsorbing and desorbing properties of the wall
(it should be noted that, given the variety and the complexity of the involved phenomena, no
simple physical meaning can be associated with τw); R is a reflection coefficient, i.e. the
probability that a particle bounces on the wall without being adsorbed; ΦE is the incremental flux
associated with the gas puffing and γE is the fuelling efficiency of the puffing.
As for the input parameters of the model the following assumptions have been made:
- Nw has to be estimated from considerations on the quantity of hydrogen adsorbed on the
graphite. We have assumed that Nw is in any case limited by the saturation level of hydrogen on
graphite which, at room temperature, is 0.42 times the graphite density. A typical value for this
quantity is 1029atoms/m3; if we assume an implantation range of 4nm [3] we obtain a total
number of about 6·1021particles in the RFX first wall surface (36m2). Furthermore, on the basis
of the link between operating density and wall saturation condition observed in RFX [1], we have
782

1998 ICPP & 25th EPS CCFPP ----- Gas Puffing Experiments in the RFX Reversed Field Pinch

assumed that the lower (1÷2·1019m-3) and
upper (6÷7·1019m-3) limits of the RFX
operating
density
range
correspond
respectively to conditions of 40÷50%
saturated wall (which is the typical level after
a glow discharge cleaning session, when the
lowest densities are achievable) and
completely saturated wall. The transition is
assumed to take place in a linear way.
- τw is adjusted in order to simulate the
equilibrium pre puffing phase at different
densities. Since it is not possible to simulate
all the density regimes with the same value of
τw, we have assumed a dependence of τw on
Nw. This is justified by the fact that one can
expect that the desorbing properties of the
wall depends on the saturation level of the
graphite [4]. The two values that permit to
simulate the equilibrium at lower and upper
density limit have been linearly interpolated
to give the following scaling:
τw(sec)=0.17-2·10-3 Nw (1020 particles).
It should be noted that τw can also depend on
the ohmic power dissipated in the plasma [5],
but this is not taken into account in our
model.
- Np is measured and results from the
integration of the electron density profiles.
- R is assumed equal to 0.5 [6].
- the values and the scaling with density of τp
are obtained from the analysis of stationary
discharges [1]. Typical values for RFX range
from 1ms at low density to 3ms at high
density.
- ΦE is known and γE is adapted to simulate
correctly the density rise during the gas
puffing.
Figure 1 shows the results of the
simulations for the three cases considered and
the agreement between experiment and
Figure 1: 0-dimensional simulations of three simulation is satisfactory.
For the case of room temperature first
RFX discharges perturbed by gas puffing. The
additional influxes are indicated by the wall (pulse 8981), the displayed result has
been obtained with γE=45% and R=0.5.
shadowed areas.
Afterwards, we have simulated the
a) moderate gas puffing by piezo-electric
cases of hot first wall without modifying the
valves; first wall at room temperature;
b) moderated gas puffing by piezo-electric values of γE and R (because it is reasonable
that they do not depend dramatically on first
valves; first wall at 240°C;
c) strong gas puffing by electromagnetic wall temperature). To reproduce the
behaviour of the discharges considered we
valves, first wall at 270°C.
had to decrease the term Nw/τw by 30÷40%.
This indicates that desorption from the first wall is reduced. This is probably due to a reduction
of the saturation level of the hydrogen deposited on the graphite at higher first wall temperature.
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3. 1-Dimensional analysis
A 1-dimensional transport analysis has been performed to compare and validate the results
obtained in a previous work [1] which focused on the current flat-top phase of a database with
pulses at different densities. The study has been done using a transport code which simulates the
evolution of the ion and neutral density profiles given the evolution of the temperature profile
and is described in detail in [1].
To describe the particle source we have distinguished fuelling from recycling.
Recycled plasma ions incident on the graphite wall can be backscattered as neutrals with
energies comparable to the ions or trapped in the wall and later desorbed as wall-temperature
hydrogen atoms or molecules. These recycled particles are represented by means of a
monoenergetic group of atoms entering the plasma with an energy ε of about 7eV which is a
weighted average among the various reflection and desorption processes.
Fuelled particles via gas puffing enter the discharge as wall-temperature hydrogen molecules.
These molecules undergo principally two processes creating hydrogen atoms and ions [7, 8]:
- molecule ionisation (H2+e- → H2++2e-), followed by ion dissociative
excitation (H2++e- → H++H0+e-);
- molecule dissociative excitation:(H2+e- → 2H0+e-).
Both atoms (≥75%) and ions (≤25%) are created within about one centimetre from the wall
with velocities isotropic in space and with energy spectrum which extends approximately from 2
to 12eV [9]. Given the isotropy in the velocity distribution we have chosen to represent the
fuelled particles by means of two equal neutral monoenergetic populations: one (ε=5eV)
representing the atoms that enter directly the plasma and another (ε=1eV) representing the atoms
directed toward the wall and completely recycled back to the plasma.
The spatial distribution of both the fuelling and the recycling source has been calculated in
agreement with the model described in [1] and [10]. For the fuelling term we have introduced
also a time dependence reproducing the opening and closing characteristics of the valves, scaled
in agreement with the intensity of the puffing.
The core (r/a ≤ 0.9) transport coefficients are modelled in agreement with the theory of
stochastic diffusion [11, 12]. This theory predicts a diffusion coefficient and an outward directed
velocity given by the relations:
2
DS dT
DS = (δB B) L // v th ;
VS = −
2T dr
where δB/B is the relative magnetic perturbation level (1÷2% in RFX), L// is a connection length
of the order of the minor radius and vth is the ion thermal velocity, T is the ion temperature and
has been assumed equal to the electron temperature. The total convective velocity V is the sum of
VS and the classical E×B velocity and is given by:
E×B
V = VS + VE× B = VS +
B2
In the edge (r/a ≥ 0.9) region, where the diffusion is believed to be non stochastic and
driven mainly by electrostatic fluctuations, we have introduced an anomalous diffusion
coefficient DE(r) [1]. The analytic expression used to perform numerical calculations is:
 r −a 
 λ 

DE (r) = DE0 e

2

and the width λ is typically a/10.
The results of the 1-dimensional analysis are displayed in figure 2 for the three cases
considered. The discharges perturbed with moderate puffing (∆Γ/Γ≈0.2 where ∆Γ is the
additional influx and Γ is the pre-puffing influx, derived from Hα emission measurements) can be
simulated with the same core transport parameters before and during the puffing, while the
diffusion in the external region has to change according to the particle confinement time which
increases with density. The typical values of the diffusion coefficients used in the simulations
are: DS(0)≈20m2/s, corresponding to a level of magnetic fluctuations δB/B of approximately
1.5%, a total outward velocity V≈20m/s and an edge anomalous diffusion coefficient DE0 varying
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from 2 to 10m2/s. This indicates also, as one may
expect, that the plasma diffusion properties do not
depend on wall temperature.
On the other hand the strongly perturbed
discharge (EM puffing) presents a different
behaviour before and during the puffing. In
particular, the simulations show the occurrence of a
faster inward diffusion of the injected gas than in
moderately
perturbed
discharges.
This
phenomenology cannot be simulated with the same
parameters as the pre puffing phase and indicates
that something has changed in the transport
characteristics of the plasma. A possible candidate
to explain this behaviour is the perturbation of the
temperature profiles (reduction of ∇T) due the large
cooling of the outer region, ultimately resulting in a
temporary reduction of the outward convective
velocity, VS. Further investigation is in progress to
understand this point.
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4. Conclusions
Gas puffing experiments have been performed on
RFX. They have been modelled using a simple
0-dimensional two-reservoir model and a more
complex 1-dimensional transport model. The
4
t=42 ms
0-dimensional analysis has permitted to establish
2
that the puffing fuelling efficiency was 45% in all
the cases analysed and that the desorption from
t=32 ms
c)
0
graphite had to be reduced in hot first wall condition
0
0.2
0.4
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0.8
1
to simulate the experimental density waveforms. As
r/a
to the 1-dimensional analysis, the most important Figure 2: results of the 1-dimensional
result is that in moderate puffing conditions the simulation.
same diffusion coefficients used in the stationary a) moderate puffing, first wall at room
temperature;
phase of the discharge permit to simulate also the
b)
moderate
puffing, first wall at 240°C;
perturbed phase, whereas in case of stronger
c)
intense
puffing,
first wall at 270°C.
perturbation, something changes in the transport
mechanism which appears as a temporary suppression of the outward convective velocity,
leading to a fast filling in of the hollow profile created by the puffing.
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