CERTAIN CHARACTERISTICS OF FLUCTUATIONS IN
ARC CURRENT AND VOLTAGE AND IN THE
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Some experimental data relating to the character of the pulsations taking place in the current
(I;} and voltage (Vy), and also in the brightness of the jet(By) at the output of a plasmotron,are
presented. The distribution functions of these parameters obey a normal distribution law,
The circuit elements and the external characteristics of the supply source have a marked ef-
fect on the fluctuations taking place in these plasmotron parameters.

In electric-arc heaters of the eddy type incorporating a long, self-regulating arc, the pulsations tak-
ing place in the flow parameters of the heated gas are determined by the instability of the electrical param=-
eters of the plasmotron and supply source. The pulsations in the electrical parameters of such types of
plasmotrons are mainly due to the shunting of the are,

A single plasmotron with eddy gas stabilization {(working medium air, electrodes copper, water-cooled)
wag supplied from dc sources with nominal voltages of 4200 or 825 V. The length of the output electrode
was 30 cm for d =1 cm and 80 em for d = 2 cm. For plotting the distribution functions f, Sy and fyy we
used a statistical amplitude pulse analyzer of the AI-100-1 type together with a converter. The signals

from the plasmotron passed through a separating condenser to the con-

5 s verter, which transformed the continuous signal into a sequence of pul-
A GOV gy ses 1 usec long, the amplitude u? being proportional to the instantaneous
i values of the signal. The repetition frequency of u! was 10 ke/sec.

For measuring the pulsations in jet brightness we used an FEU-36
photomultiplier., By the "brightness® of the jet we mean the integrated
flux of radiation received by the photomultiplier, (In subsequent analysis,
Bt will be measured in units of the voltage uf at the output of the convert~
er, which is proportional to the flux of radiation received by the photo-
multiplier.) The brightness of the jet was measured at a distance of 1
cm from the cutoff point of the output electrode. In order to eliminate
the effects of induced currents from the mains network (50 Hz) and fluc-
tuations in the supply source on the results of the experiments, the con-
verter circuit incorporated a filter with a cutoff frequency of 300 Hz.

Analysis of the oscillogram of the distribution function taken from
the screen of the AI~100-1 and recorded on film showed that fis fip and
f, obeyed a normal distribution law, as in [1]
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deviations (Ug?) (curves 1, 2 for G = 6 and 24 g/sec,res~

pectively) and (Itz) (curves 3, 4, 5 for G =6, 12, 24 g/sec,

respectively) on the current for d =2 ecm, We see from Fig.

1 and Table 1 that the voltage pulsations diminish with in-
creasing current. The reason for the fall in (Utz) lies in the reduction in the breakdown voltage of the arc-
plasma/anode gap [2]. This may also partly explain [3, 4] the reduction in the mean-square deviations of the
brightness (Fig. 2: Curves 1, 2, 3 correspond to G =6, 12, 24 g/sec, d = 2 cm) if we remember the fact that
the pulsations in the brightness of the jet depend on the fluctuations in arc power. Another cause of the fall
in ( Btz) with increasing I is evidently the reduction in the arc length and hence in the diffusion of high-tem-
perature arc plasmoids before their emergence from the plasmotron.

Ap analysis of the experimental data presented in Table 1 shows that for currents up to 120 A (Utz)
increases with increasing gas flow. On further raising the current (I > 120 A) (Utz) falls with rising G
(Fig. 1). The reason for this behavior of ( Ut2> is none too certain and requires further investigation. Slight-
ly unexpected was the rise in (Itz) with increasing arc current. This fact may be explained in the follow-
ing way.

For the system formed by the arc and the supply source, we may set down the following equation,
neglecting the inductance of the circuit and regarding the external characteristics of the source as rigid-

ly fixed:
Up=U+I,+CdU Y R +U + U,

U,=IR4-U
Hence
1,=— U JI[U, —U)— CaU,Jdt (1)
For C=20
I, = —UJjU,—U), [ID=[IU,—U)UD (2)

On varying 1 from 40 to 180 A (Fig. 1, G =6 g/sec, d =2 ecm), (U?) falls from 1750 to 625 V2, There-
upon U falls from 1030 to 450 V and the calculated values of (ltz} for Uy = 4200 V rise from 0.28 to 1.45
A?, i.e., by approximately a factor of 5.2, while the experimental value of (Itg) risesbyapproximately 5.6
times. However, the experimental values of (Itz) are almost an order of magnitude greater than the cal-
culated values (Fig.1), i.e., Eq. (2), which makes no allowance for the effect of the shunting capacity, fails
to agree quantitatively with experiment, although it correcily reflects the qualitative change in (If} with
increasing I.
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Thus L is considerably influenced by the circuit parameters. At
the instant of shunting, U falls sharply, and dUt/dt < 0, whereupon the
second term in (1) may be much greater than the first. Thus, if the time
corresponding to the smooth increase in U; is of the order of 1073 sec,
while C=2-10"% F, Uy, =4200V, Uy ~60V, 1 =120 A, U=360V (one of

RO

V4

g the working modes of the plasmotron), then

P A\ Ud /| (Uy— U)me —149 A €U,/ dt =~ —0.12A
N\ oo . .

p N o whereas, under the same conditions, but for the time corresponding to the

\ z sharp fall in Uy, of the order of 5- 10-% sec,
\i\x\j U/ (Uy— U) =194 CaU,/ dt = 24 A
2=
Z 9 wo LA Here Uy, is the supply source voltage, C is the capacity in circuit.

Fig. 2

Hence, at the instant of arc—wall or arc—arc breakdown, I; rises
sharply, mainly as a result of the discharge of the shunting capacity, In
addition to the large-scale voltage pulsations, there are also small-scale pulsations, and these have a con-
siderable effect on (Itz), as shown by the oscillograms of the arc current and voltage.

Considering I; to be a unique function of Uy, and allowing for C, the expression for ( I;%) takes the
form
aI, Uy 1?

— 2
APy = [ T, v U
At the instant of shunting U, =A exp (— t/r, C); hence
2 Uy, — 20 \?
AP = ( ___U_b__U_ ) RN (3)
=

A quantitative calculation using Eq. (3) gives better agreement with the experimental values if ( Itz).
For example, for I =40 A, U =1030 V (G =6 g/sec, d = 2 ¢m) the calculated value of <It2> ~1.3 A while
the experimental value is 3.3 A (Fig. 1). Thus in exact calculations of ( It2> we would allow for the effect
of the shunting capacity and the voltage pulsations associated with shunting the arc.

It should be noted that on feeding the plasmotron from different sources (Ub = 4200 and 825 V) there
were no substantial changes in the character of the fluctuations Uj, whereas it follows from Eqg. (1) that T;
depends very considerably on the external characteristics of the source of supply, as confirmedby analyz-
ing the oscillograms of U; and L. On feeding the plasmotron from the Uy, = 825 V source, the first term
in (1) had a decisive influence on the character of the current fluctuations.

In our experiments we noted considerable fluctuations in the current of the plasmotron due to fluc-
tuations in the supply source. Allowing for changes in Uy, we find from (1) that

1,=Upd(Uy—U) — U Uy — U) — CaU Jds (4)

It is thus clear that, on increasing the current, I, may become very large and affect the operating
stability of the plasmotron and also the pulsations in the parameters of the hot gas flow.

Analysis of the I +1¢ oscillograms obtained with the supply source (U}, = 825 V) loaded into a theo-
stat andwith the plasmotron in operation respectively shows that, for the same current in the circuit, the
pulsations I, are much greater with the plasmotron working. In the other source (U}, = 4200 V) the value of
U 1/(U, — 0} was insignificant.

Thus, in the range of variation of the parameters of a single~-chamber plasmotron of the eddy type
studied, the distribution functions of the fluctuations in arc current, arc voltage, and jet brightness obey
the normal distribution law. This form of the distribution functions is independent of the polarity of the
plasmotron electrodes. The mean-square values of ( Utz) and (Btz) diminish with increasing I, while the
values of ( Itz) become greater. The character of the fluctuations I; is considerably affected by the param-
eters of the supply circuit and the external characteristics of the source.
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