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At atmospheric pressurs, it could put out at least 250 kv (1).

Elektrichestvo, No 11, 1948, pp 80-81,

ELECTROSTATIC GENERATORS - A REVIEW

REFERENCE COPY

Ya. M. Chervonenkis
Cand Tech Sci

[The following is a digest of an article representing mainly a
discussion of the use of compressed dilelectric gases in electrosiatic
generators _7

Interest in electrostatic energy sources has incressed recently in connection
with the need in nuclear physics for high-voltage generators to obtain homogeneous
streams: of high-energy elementary particles. Van de Graaf generators, which are
capable of producing up to 10 megavolts (Mv) dc with very low currents of several
ma, are used for this purpose. These generators are also used in high-voltage
studies and in obtaining hard X-rays for therapy and .industrial -roentgenography.

In Van de Graaf generators, a fast-moving belt continuously carries electric
charges from the earth's po%t:entia1 to'a conducting sphere insulated rrom the
earth.

The™ maximum charge density on the belt surface 1s determined mainly by the
dielectric strength of the surrounding medium and is theoretically 5.3 x 10~
coulomb sq/cm for air at atmospheric pressurc. In practice, it is sbout half as
The speed of the belt is 20-30 m/sec. Thus, a belt 300 mm wide operating
in air can supply current loads up “to 0 5 ma. )

For the giv*n current and yoltage, the linear dinensiona of the generator

g are approximately inversely proportional to the dielectric strength of the medium,
while its volume is inversely proportional to the cube of tke dielectric strength.
Two directly opposite methods can be used to increase the dielectric strength of
the medium, namely, filling the generator with gas under high pressure or using
8 high vacuum inside the generator. A highly compact Van de Graaf generator
operatés in &ir or nitrogen at 27 atm pressure. It is designed for 2 Mv and 0.5
ma, and has a housing diameter of 750 mm with an insulating column 600 mm high.
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- Still more promising is the use of some other gases, in particular freon
(cClpFo) and sulfur hexafluoride (SFg), whose high electric strength was first
discovered in the USSR by B. M. Gokhberg (1), and is called "elegas" in the .
USSR. These two gases provide a given electrical strength with only half thne
pressure required when air is used. As studies (1, 2, %) made in the Lenin-
grad Physico-Technical Institute showed; elegas is slightly better than freon
because it i1s chemically more stable and has considerably higher vapor temsion

et room temperature.

In a compressed gas, the breakdown voltcge between the electrodes is directly
proporiional to d!stance over & wide interval of distances. In a vacuvn, how-
ever, the breakdown gradient drops from 2-3 Mv/'cﬁ{)for distances of 1/100.‘&:,;.-3@,.,“
100 kv/cmifor distances of 50 tc 100 mm (5). A vacuum has unexcelle “insulating
properties; for. moderate-voltages but is surpassed by compressed gaseb fofiverychigh
potential differences: If future gradients of the order ofwdveral' Mv/éhlareceh-
dained at high voltgges, electrostatic effects could berused .hot only for lewis: -
power umite- ofiithe: type described above; but also for a. hew! typeidf powerful elec-
trisal‘,m@cg;nes‘,-ti-f:e. , electrostatic generators and motors.

The principles of construction of electrostatic machines have been studied
by Soviet physicists and engineers since long before the war. In 1933, N. D.
Papaleksi constructed a high-voltage electrostatic generator of the parametric
type to obtain audio-frequency currents. This generator developed power sbove
500 w in an atmosphere of compressed air, Qapaleksi pointed out that the operat-
ing conditions of electrostatic machines are particularly favorable in a high
vacuum (3). A. F. Ioffe and his students in the Ieningrad Physico-Technical
Institute constructed a number of dc electrical generators of various types for
voltages from TOO to 900 kv. These machines operated in compresred gas or in
liquids with high electrical strength (2, 4). .

A. Ye. Kaplyanskiy worked out the general theory of electrostatic machines
and proved thet one could create, by the capacitance principle, a number of
machines similar to all types of inductive, synchronous collectors of :.d¢ and ac,
parametric, etc. He algo gave methods for the calculation of high-vacuum electro-

static generators.

It is possible in principle to use electrostatic units for direct transforma-
tion of atomic energy into electrical energy without going through the stage of
transformation into heat.
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