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Abstract
A solar energy driven thermionic energy converter is aimed to generate electric power by solar energy, which is used to emitter heating
and auxiliary discharge for the establishment of the ignited mode. In the present paper, the conversion efficiency was evaluated to consider
the possibility of such a novel thermionic energy converter. In the calculation, output current from the converter was assumed to be equal to
the thermionic electron emission current in the case of ignited mode operation. The potential drop induced in the space between the
electrodes of the converter is also presumed in the calculation. The emitter temperature was numerically calculated by heat conduction

equation as a function of solar power density on the surface of the earth and the emitter surface.

The numerical results show that at a certain emitter work function, the conversion efficiency has a maximum, which increases with solar

power and emitter temperature. The conversion efficiency at solar power of 1000 W is typically 9%, when the emitter with light trap for

efficient emitter heating by solar light is considered.

The emitter heating carried out using 105x75 cm square fresnel lens approved that SUS emitter with 15 mm in diameter and 1 mm thick

was heated up to the temperature higher than 1800 K by solar power density of 840 W/m?. This will assure the actualization of the thermionic

energy converter proposed here.

The preliminary experiment has been carried out using a Solar TEC operated by solar light illumination. The operation mode remained in
unignited mode so that the short circuit current density was only 0.97 mA/cm? at Te=1400 K and Tcs=402 K for solar power density of 919
W/mZ. In order to increase the output current, it is necessary to induce the ignited mode which will be taken place at T at least higher than

500 K.
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Fig. 1 Typical output characteristics of TEC for ideal, unignited and
ignited mode.
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Fig. 2 Motive diagram of thermionic energy converter under the
ignited mode operation.
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Fig. 3 TEC efficiency y and emitter work function ¢ g.
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Fig. 4 Solar TEC efficiency 7 and emitter temperature Tg calculated
for emitter with and without light trap.
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Fig. 6 TEC efficiency » and emitter temperature Tg for different
emitter surface Sg.
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Fig. 7 Vacuum chamber and concentration system for emitter heating
by solar light illumination.
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Fig. 8 Change of T after the onset of solar light illumination. Date:
Oct. 2000 in Hamamatsu (N34° 43',E137° 43').
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Fig. 9 The solar spectrum at ground level and transmissivities of fresnel lens and pylex glass.
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Fig.10 Schematic diagram of emitter with light trap.
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Fig.13 Schematic diagram for the measurement of the output
characteristics.
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Fig.14 Change of Tk after the onset of solar light illumination. Date:
Nov. 30, 2000, in Hamamatsu (N34° 43, E137° 43').

GEWXT Y TRAT Iy S I LTRSS 2 2 e PSR
%o EBRFERD0.97 mAlem’ DEE FEKEE L Te=1400 K,
Teo =400 KDHED ¢ %316 eVERETNIE, =3I v ¥ bHD4e
BRETHRVHNERL 2> T0D I LB, THITKBER
FHZ & > T, AOEMEHFPHMENTHEREEZOND,



I(mA)
time-[ 7c(K), solar radiaﬁon(W/mz)] 6

13:13-[402, 919]_.-3‘—%_
4

13:12-[398, 929}\

13:11-[395, 929
13:09-[388, 935;
13:08-[379, 93!
13:06-[376, 998}

Fig.15 Change of output characteristics after the onset of solar light
illumination. Date: Nov. 28, 2000 in Hamamatsu (N34° 43',
E137° 43).
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