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CALCULATION OF EFFICIENCY FOR THE HEATING
BY AN ELECTRON BEAM FROM THE PLASMA CATHODE)

J. KRAMAR?), Praha

The calculation of the heating of a moving conductor in a system of cylindrical
electrodes is carried out. It starts from the currents arising on the basis of processes on
the electrode surface and in space, and follows the losses caused by them. The efficiency
calculated for the given electrode configuration increases with the voltage, especially at
its lower values.

PACYET 3OOEKTHBHOCTH HATPEBA HOCPEIACTBOM 3JEKTPOHHOIO
MYYKA M3 IUIABMEHHOIO KATOXA

B paGore npusepen pacueT Harpesa ABIKYLUETOCS MPOBOJHHMKA B CHCTEME WHIMHIPH-
HCCKUX aNeKTpofoB. Mcxols u3 Tokos, BOIHUKAIOWMX B 3TOM fpoyecce Ha MOBEPXHOCTH
¥ 8 NPOCTPAKCTBE, PACCHHTAHB! COOTBETCTBYIOUME ioTeph. DddekTHBHOCTL Harpesa,
PaCcCUnTaHHan AN NAHHOW KOHGHUTYPAUNH INEKTPOOB, YBETHIHBAETCH C HanpspKeHUeM,
OCOGEHHO TIPH €10 HU3LIMX 3HAYEHUSX,

I. INTRODUCTION

In the technology of heating by a beam of accelerated electrons the cold cathode
in the glow-discharge is more frequently used than the hot cathode requiring a high
jvacuum of the order of 107° Pa. The apparatus with a glow-discharge works with
A pressure in units of Pa, which diminishes the requirements on the pump stand and
T:mc_nw to solve easily the ¢ntrance and exit of the heated material into,
respectively, out of the discharge, which is important for many technical ap-
plications. In our case the heating of the conductor passing through continually in
the direction of the axis of the system of cylindrical electrodes is considered
Wnooam:m to Fig. 1. A heated conductor on the earth potential forms the central

node CA, opposite that the cylindrical cathode is placed. Its free (working) arca is
imited by the screening electrode A, which works as a screen and as an auxiliary
w:onn too. The electrode A has a flowing potential, the cathode K has a negative
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high voltage Ukc to the earth. To achieve the discharge current I of the order of
10 mA to 1 A by voltages Uxc of 10° to 10* V, the pressure of the gas (air) in the
electrode space according to Fig. 1 is in units of Pa. The dimensions in Fig. 1-are in
mm.

One of the important quantities, whose knowledge is necessary in the case of the
technical application of this kind of heating, is the efficiency of heating depending
on the discharge current and voltage. Because the high voltage glow-discharge
between cylindrical electrodes has not been sufficiently investigated so far (as
evident from the available literature), it was necessary to build, for the calculation
of the efficiency, a model of the conditions in the discharge, which is in accordance
to the observed characteristics of the mentioned discharge.
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Fig. 2.

. CALCULATION OF THE HEATING EFFICIENCY

The discharge between electrodes is maintained with a constant voltage Uxc and
a current Ix. The input performance is then :

N= QRONR . G.v

For the calculation of .arn,nnmom@:nw of the heating 7 of the electrode CA we
evaluate the sum of losses N, on the other electrodes (A and K) and in the
surrounding space and we obtain

=" 100 % @
Calculating we suppose that one part of the electrode space is filled up by the

plasma of the positive column (the area PL on the left side in Fig. 2), which is
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limited by 2 circular areas P, at the external space, by 2 cylindrical areas P, at the
auxiliary anode and by a space area of the discharge Py, which depends on the free
area of the cathode P«(Pv=K,Px). Between the cathode and the positive column
there is the cathode region, over which nearly all the voltage Uy extends. The
electrode A, isolated from other electrodes, is slightly negative with respect to the
central anode (cca 10—30 V), according to the measurement on the experimental
apparatus; thus Uga= Ukc. Under these assumptions flow at the discharge and
between the electrodes currents, represented on the right-hand side of Fig. 2 L,, L,
— currents of fast electrons emitted from the cathode K, I, — current of
secondary (slow) electrons, ejected by the electron current Ly; Ik, La, I, —
currents of ions from positive column to cathode, auxiliary anode and free space.
Following relations are valid for the introduced currents:

Ik=Lx+Ix Ix=L.+L, L,=K,L, 3)
I, = 81, 4)
Li=ylx. &)

In the equation (3) the coefficient K, expresses the division of the cathode
electron current on the components L; onto the central anode CA and L, to the
auxiliary anode A. In Eq. (4) and Eq. (5) & expresses the coefficient of the
secondary electron emission due to electron impact, y is the analogous coefficient
for the positive ion impact.

Ion currents represent the random flow of positive ions passing along the
idealized surface of the positive column, for which the well-known relations are
valid :

N.X “AM\&V 3.@..@.@—\ AGV
La =(1/4) nveP,
I, =(1/4) nweP,

where n; represents the density of plasma ions and v; their mean random velocity.
The loss at the auxiliary anode causes an undesirable temperature rise and can be
expressed by the equation:

Nea = Ugalez — @alz+ Ula, ™)

which expresses heating by electron current, the cooling effect by electron emission
and heating by the internal energy of the impacted ions. The loss at the cathode

Nex = Ualix + Ulix — @xlx — @il (8)

is due to the heating by kinetic energy of the impacted-ions, to the internal energy
and to cooling effects during the neutralization of the impacted ions and the
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Table 1
@a [V] o« [V] U v 5 .

Fe Al air Fe M_ Discharge voltage

4.6 4.2 15
0.8 L3 ke=3 kV
0.7 22 5 R
062 40 10
0.55 4.5 - 15

electron emission from the cathode. The internal energy of the flowing-off ions
escapes into the free space :

N, = UL, ©)

For the total loss N,=N,, + N« + N, we obtain, using Eq. (3)-(9), the ex-
pression

Nk N—U\ w>+Nv
N, = A 4 _
:LQﬁTiniTQﬁa? +L (10)
la—v\%

1+ K, Q\»IAH.Tu\vﬂNM i

The numerical evaluation of Eq. (2) using Eq. (10) is carried out for the system

according to Fig. 1 and for the voltages Uxc =3 —5—10—15 kV. At the same time
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Fig. 3.

4 alternative values of the coefficient K, are taken into account : K = 1/(1+K)=
0.5; then the electron emission from the 50 % cathode free area flows into CA),
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K, HW (1/(1+ K\)=0.75; then 75 % of the electron emission flows into CA),

K, HW (90 % of the electron emission flows into CA) and K, =0 (all the electron

current from the cathode flows into CA). Further we suppose that the coefficient
K;=1. Values of work functions @a, g« of the ionization potential U; and of the
secondary electron emission coefficient & and y for elected alternatives and used
materials are introduced according to [1] in the Table 1. Results of calculations as

a relation of 7= f{Uxc) on the selected values of 1/ (1+ K,) are represented in Fig.
3.

III. RESULTS EVALUATION

>oocn&=m8~roBnmmc_digaaw_.nro mmmomo:o%:&Emimrmmmwm”moano
discharge volatge <5000 V. :

According to the measured efficiencies 7270 % for Uk =10 kV most of the
free cathode area is used for the electron bombardment of the central electrode
CA.
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