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A new concept of thermionic converter
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Abstract ¢ The parametens of a new type o4 thena-
miondc conventern which has a numbern of concentric
electnodes, 48 computed, The obtained theonretical
efficdiency of this new Zype of converten L4 nearly
the effdciency c¢f the L{deal theamionic conventen,
The obtained nesults are explained by the rne -
duction of the nadiation LosAs from the emitter due
to the electrode configuration, Efgiciencies as
nigh as 20% ane expected from this type of convern-
ter now Ln construction,
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‘'The earth applications of thermionie converters are condi-
tioned Ly the increase of efTiciehcy up to 20% or more.

The analya1a of the efficiency increase sbove the actual fi-
gure of 10-12% have been comsidered in /1/. The use of noble gas
addition to cesium vepors, triode corfiguration with pulsed or
auxilliary discharge can change only with some percents the value
of efficiency. A significant incresse of efliciency cen be obtai-
ned if the work function of the collector is decreased under 1.2 eV
or 1 eV. Unfortunately no ctable surface with such a low work func-
tion st high temperature of the collector has been found.

In the present paver, we are considerirg a nev concept of
thermionic eonverter in which efficienciesias high ae 20% might be
usual,

The efficiency M of an usual converter is given by _the rela-

N = A
- 4
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where ¢, end <p are the work functions of the emitter recpectively
of the coliector, Te is tne temperature of the enmiitler, TC is the
tempereture of the collector, ¢ ie the otefan-;oltiunnn constant,
Qe is the thermal energy lous per second via eleciricai conduciors

from the cmitter snd J_ i:u the Lichardson saturation currcert of tne



enitter. The effieciency according to the eq.l, is redurzd due to
the radietion loss freom the emitter and thermel loss through tﬁe
electrical connections.

The proposed new type of thermionic converter has a concen=~
tric multielectrode construction (see fig.l). The central electro-
de (1) is heated by the incomming thermel energy and we shall con-
sider this electrode as emitter. The lsast electrode (the elezctrode
nuaber n) is the collector,

If r is the redius of an electrode, we have :
TR TR L .. LT (2)

Cetween the temperatures or the electrodes we hsve the rela-

tion :
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where T, is the temperature of the eritter and'Tn ithe temperature
ot the collector.

Tn this new concept, the converter is nssured to work at
lcw current in the external circuit. Lets consider in the figure
2, the energy diagrem between two adiacent electrodes - the elec-
trodes p and ptl. If J is the current generated by the converter,

the following equation cnn be written for the electrodes p ond p+l
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vhiceh ie valid for vp,p+1 3> V.

‘rom thie equatinn results the velue or VP,D+1 ne
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which can be rewritten as
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“kquation (€) can be replaced by
' T
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The energy disgram for the multielectrode converter is given
in the fig.3.
The output voltage of this type of coanverter will be accor-

ding to the diagram in fig.3,

N=-1
U=9 -9, + iP-" VM’" (9)
From the eqs. 8 and § resulta '
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If the number of electrodes is enough high (n>1), the difference

between 'I’p and T is not much high, and consequently we can use

p+l
the spproxigaticn
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#ith this approvimation, the 27.{1C) hecomes ™’

T,-T T Tpn
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where
T W (14 ) o kT, T (1t ) o T (e, (17,

The efficiency of this new type of converter will be

u.J 7_k(T - ﬂ\ Z TPM ('th - C
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The energy losses from the emitter due to the radiation snd ther-
nal conductivity of the electrical ccnnections can be neslected.
indeed, due to the small current the electrical conductors between
converter and externsl chsrge heve small cros:c sections. In the
samé time, due to the electrodes structure, the rsliation loss i-
negligible. '
According to the eq.(14), the efficiency depends on tne elec-
trodes work function. Lets sssume that the work function of electro-

des depends on C"p/'l‘R accerding to the equstion
fom 3
’ Tr

where 8 is 8 constant, Tp is temparature of the electrode p and

(13)

TR is the temperature of cesium reservoir.
In this cese from the eqe. (14) and (1%) the equation ror the
efficiency is

Zk(Tq - n\) + Q-
o, + 2KTy (16)
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X ie point out once more that the eq.(12) is valid only for V_ , >0
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In fact, for & rumber of electrodes cnough high, we can neglect
the terms 2k (T,-Tp)-<E
%“he efficiency now ‘s eﬁual with the efficiency of an ideal ccnver-
ter. We can expect in this case an incresed value of efficiedcy of
the nev'type of converter, even for a practical one. Of course, be-
ceuse the output voltage of the new type of converter is the seme
with thset of classical converter but the current is much smaller,
the output power cdensity is expected to be much smaller for multi-
electrode converter. That memns that for the same output power, the
uniis with multielectrode configuration must be larger in size than
"clasical thermionic diode. 3Such an increase in size is accepteble
for earth application if the efficiency is increased up to 20%.
Yore deteiled theoreticai peper will be published soon, as
well as an experimantsl one cocncerning the preliminary data obhtained

using a multielectrode thermionic converter, which is now in con-

struction.
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