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PREDICTION OF THE OPERATING CONDITIONS
FOR HYDROGEND. C. PLASMATRONS?

W.W.PLOTCZYK,? Warsaw

The generalized current-voltage characteristic and energy loss on the cathode and
anode and have been established experimentally with arc power 10—43 kW. Next,
methods of prediction of the arc voltage and the plasmatron heat efficiency have been
elaborated.

O IIPOTHO3HUPOBAHMH PEXUMA PABOTHBI ILIABMOTPOHA
MHOCTOAHHOTO TOKA, PABOTAIOMETO HA BOIOPOJE

L. INTRODUCTION

Plasmatron, j.e. a plasma stream generator, is the main part of the chemical
plasma reactor | 1]. Its other parts are: a reaction chamber and a system for rapid
cooling of the reaction products (freezing chamber). The efficiency of a chemical
process is substantially affected by the working parameters of the plasmatron
[1—4]. For planning the initial conditions of a plasmo-chemical process, prediction
of the interelectrode voltage and, as a consequence, the arc power and thermal
efficiency of the plasmatron are necessary [2, 4].

H. APPARATUS AND METHODS

The experiments were made by using an apparatus consisting of a chemical
plasma reactor (Fig. 1) and a measuring system for performing the material and

v Contribution presented at the Sth Symposium on Elementary Processes and Chemical Reactions in
—(mi Temperature Plasma. WES,:ONM BANE, May 2125, 1984,
.Ununﬁiaa of Chemistry, Warsaw University, Pasteura 1, 02093 WARSAW, Poland,
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energy balance of the process [1]. The essential part of the reactor is a Plasmatrop
PL-100 with a tungsten cathode and copper anode in the form of a nozzle. Outside
the plasmatron a solenoid, producing the magnetic field which stabilizes arc
discharges, is placed.

In the present paper we used apart from our own results also the results of papers
published earlier [4—e6]. v
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Fig. 1. Diagram of the chemical plasma reactor.

The following ranges in the operating parameters of the plasmatron were
obtained in the experiments: power 10—43 kW, hydrogen volume flux
1.9—8.05 m*/h, arc Current  I=95--350 A, magnetic field intensity
H,=22_9¢ kA/m, interelectrode distance [, =2—12 mm, anode length [, =
18—70 mm, anode diameter d=4.5—13.5 mm and interelectrode pressure p =
0.1—0.17 MPa.

For approximation of experimental dependences the Brandon method of muiti-
ple correlation [7] and the method of least squares was used,

III. RESULTS AND DISCUSSION s

As
besides the interelectrode voltage, is its thermal efficiency #. It characterizes the

effic

plasma stream E,;. n is calculated from the formula

MEH NIOEIO..H 36Ut X107~ Q.- 0O, (1)
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where: Qu, Q, are the energies caused by the water cooling the cathode w.:m
anode, respectively [MJ], U — interelectrode voltage [V], I — arc current intensity
[A], t — time, equal to 1 h,
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The relation between the interelectrode voltage and the working parameters of
the plasmatron is approximated by the following relation:

U =462.4(I/Vd)~**(V/d) " (pd)°**(L./d)** +
X (Hnd/I)°*°'(I/d).

The comparison between calculated and experimental values of the interelec-
trode voltage is given in Fig. 2. The plasmatron efficiency was predicted on the
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Fig. 2. Comparison between the calculated (U....) and the experimental (U.sp.) values of interelectrode
voltage.

basis of formula (1). This required the energy lost caused by the water cooling the
electrodes to be expressed as a function of the operating parameters of mro
Plasmatron. The above-mentioned values were approximated by the following

formulas
Qu=10.681-2.413x107*I +2.395 InI + 0.0385 V+

+2.054x107°H,, +19.4291, +6.545p,

(3)

Q.= u.,%T 2.055+4.155L) (0.619 +0.04 d) (0.221 +
+0.0035I) (0.878 + 1.704 X 10~*H..I) (0.674 +0.331 pd) x @)
X (1.253 - 0.0592 V) (1.206 — 0.3551,)".
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Fig. 3. Comparison between the calculated (Meuie)
and the experimental (Mexs.) values of Plasmatrop
efficiency.
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Xp.

The comparison between the calculations according to formulas (1), (3) and 4)
(by using the experimental values of the arc power) and the experimental plasma-
tron efficiencies is represented in Fig. 3,

Figs. 2 and 3 showed that a satisfactory approximation of experimental data by
analytical dependences was obtained. This made it possible to work out formulas
predicting with sufficient accuracy the interelectrode voltage and plasmatron
thermal efficiency. These formulas seem to be useful in studies of plasmatrons.
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