sion Dy, which was added to Dj and Dj in the calculations, leads to a growth in the anode
potential fall and the thickness of the anode layer (Fig. 4, I = 100 mA/cm?, d = 0.5 cm).
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TWO FORMS OF DISCHARGE IN ARGON PLASMAS WITH AN EMISSION-
ACTIVE POTASSIUM ADDITIVE

V. O. German ard V. S. Uspenskii UDC 533.9

There are currently a substantial number of papers devoted to research on the stabil-
ity of distributed discharges in gases with different assumptions about the character of
the flow in the interelectrode gap, the external electrical circuit, the electrode potential
falls, etc. ({1-6], for example). The loss of stability by a discharge can lead a priori
to a transformation of the solutions that describe the flow of current in the discharge to
a new stationary state or to quenching of the discharge. It turns out that a nonuniqueness
in this type of transformation can be observed in a number of cases. For a given total dis-
charge current one can have both a distributed discharge regime with diffusive coupling to
the anode and a contracted discharge with an anode spot.

In this paper we obtain experimentally the current—voltage characteristic of a discharge
in a high-temperature argon plasmotron with distributed and contracted branches. The dis-
tinctive feature of the experimental apparatus lies in supplying a small amount of emission-
active potassium additive to the cathode to ensure a high thermal-emission current [7] under
atmospheric and higher pressure conditions, so that the discharge is coupled diffusively at
the cathode independently of the behavior of the discharge in the plasma volume. In this
way we exclude the cathode's having a significant effect on the discharge in the plasma vol-
ume, as happens in most other devices where a transition to field emission takes place at
the cathode with the appearance of a cathode spot when the discharge contracts. We believe
that ensuring diffusive coupling of the discharge to the cathode prevents the streamer for-
mation in the plasma volume from the cathode side observed during the transition from ther-
mionic emission to field emission as the mechanism for current flow at the cathode. Shifts
into distributed and contracted stationary discharge regimes corresponding to a single val-
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ue of the total current between the electrodes are produced experimentally in the apparatus.
The shift to a distributed discharge at high currents (I 2 600 A) is produced by means of a
controlled supply of the easily ionized potassium additive to the volume followed by a re-
duction in the feed rate.

The experimental apparatus was constructed subject to the requirements for metal—film
tungsten cathodes operating at atmospheric and higher pressures [7, 8]. Thermionic cathodes
with emission-active additives operating in vacuum and at surface temperatures close to the
melting point are well known. Unlike these cathodes, a tungsten cathode with emission-ac-
tive potassium or cesium additives operates at atmospheric and higher pressures in the ther-
mionic regime at substantially lower temperatures (Tg ~ 2200°C). The high adhesion coeffi-
cient of cesium and potassium to the tungsten cathode plays an important role in the choice
of emission-active additives under atmospheric conditions. Figure 1 shows a conceptual dia-
gram of the apparatus with the following components: (1) cathode assembly, (2) cathode,

(3) optical apparatus, (4) diaphragm of the optical apparatus, (5) sectioned anode, (6) dis-
charge vessel, (7) insulators, (8) inlet for emission-active substance, (9, 10) heat exchang-
ers, (11) output nozzle of the plasmotron, (12) inlet for working gas, (13) probe.

The discharge was ignited by shorting the electrodes with a thin wire or using an rf
oscillator. The interelectrode distance was varied from 4 to 70 mm. The argon plasma-form-
ing gas was fed into the device at a rate of up to 6 g/sec. The range of operating currents
extended to 1500 A during operation with a tungsten cathode with an emission-active substance.
Three water-cooled ballast rheostats with resistances of 0.4 Q each were used in the exter-
nal circuit. The resistances could be inserted in the circuit during operation either in
parallel or in series.‘ The maximum parameters of the dc motor generator and circuit were:
open circuit voltage 800 V and working current 1500 A.

The system for monitoring the operation of the apparatus included calorimetric measure-
ments of the water-cooled sections of the plasmotron and measurements of the electrical
characteristics of the discharge (voltage and total current between the electrodes). The
discharge plasma was diagnosed from the probe current—voltage characteristic analyzed by a
computer during the course of the experiment by the method of [9]. The temperature Ty of
the free electrons and their density ng were determined. The optical system was used as a
television to monitor the state of the anode surface during the experiment.

Description and Results of the Experiments. Potassium—sodium eutectic (807 K + 20%
Na) was fed into the cathode part of the plasmotron through a porous plug after the appara-
tus was turned on at small interelectrode gaps and low feed rates of the plasma-forming gas
(Ar). The eutectic was vaporized in the cathode assembly and transported to near the tung-
sten rod electrode. The average feed rate of eutectic was ~0.1 g/sec in the initial oper-
ating phase during ignition. On passing to the operating regime after 3-5 min, the feed
rate of the emission-active eutectic to the cathode fell to 0.5:107° g/sec. The subsequent
operating time of the device was at least 5 h.

Figure 2 shows the current—voltage characteristic of a discharge in argon obtained ex-
perimentally in the stationary discharge state. The pressure in the working vessel was p =
1 atm. The argon feed rate was Gp, = 0.3 g/sec, the interelectrode gap was & = 44 mm, and
the ballast resistance in the external dc circuit was R = 0.8 Q. The points denote states
corresponding to a distributed discharge with diffusive coupling at the anode (Fig. 3),
while the circles correspond to a contracted discharge with an anode spot (Fig. 4). The
circles with dots correspond to a transition regime where arc spots appear against a back-
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ground of diffusive coupling to the anode. 1In Figs. 3 and 4 the anode is located to the
right and has a conical shape. Similar operating regimes of this device have also been
observed during operation with flow-through anodes. It may be noted that changes in the
steady state to one or the other side (denoted in Fig. 2 by arrows) by controlling the emf
of the source uniquely reproduces both the lower branch (the current—voltage characteristic
of a distributed discharge) and the upper branch (that of a contracted discharge). The dis-
tinctive feature of the transition from the upper branch of the current—voltage characteris-
tic to the lower (the point B, the bifurcation in the current—voltage characteristic of Fig.
2) lies in the fact that as the source emf is increased smoothly in the neighborhood of the
state at point B, the transition occurs along the lower branch and corresponds to the dis-
tributed form of the discharge. When the voltage on the electrodes is increased suddenly
by switching on part of the ballast resistors, a state with an anode spot that corresponds
to the upper branch of the current—voltage charateristic is predominantly realized. The
stationary solution is two-valued. Both solutions are stable. A transition from a con-
tracted discharge to a distributed discharge at currents I z 600 A without controlling the
source emf is realized by first feeding a lightly ionized additive intoc the volume and then
stopping (a minimum feed to the cathode Gy s 0.5:1075 g/sec is continued in order to ensure
that it operates in a thermionic emission regime with diffusive coupling). Here the main
generator of free electrons in the volume portion of the distributed discharge outside the
electrodes becomes the plasma-forming gas (Ar) itself. (Te > 9500 K from an analysis of the
probe characteristics.)
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