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sion device. An energy conversion apparatus of this 
type is called a thermo-photovoltaic device. 
In the first embodiment, small diameter particles of a 
rare earth oxide are suspended in an inert gas enclosed 
between concentric cylinders as shown in FIG. 1. The 
rare earth oxides are used because they have the desired 
property of large emittance in a narrow wavelength 
band and small emittance outside the band. However, it 
should be emphasized that it is the smallness of the 
particles that enhances the radiation property. As 
shown in FIG. 1, the small particle selective emitter is 
surrounded by a photovoltaic array. 
In an alternate embodiment, the small particle gas mix- 
ture is circulated through a thermal energy source as 
shown in FIG. 2. This thermal energy source can be a 
nuclear reactor, solar receiver, or combustor of a fossil 
fuel. 

10 Claims, 4 Drawing Sheets 
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source of the system. A photocell array is optically 
SELECTIVE EMITTERS coupled to the emitter. 

U.S. Pat. No. 4,746,370 to Woolf is concerned with a 
ORIGIN O F  THE INVENTION photothermophotovoltaic converter which is used to 

The invention described herein was made by an em- 5 convert solar-radiation to heat. The heat is used to ex- 

ployee of the United States Government and may be cite an emitter which radiates onto a photovoltaic 
panel. 

manufactured and used by or for the Government for 
governmental purposes without the payment of any DISCLOSURE O F  THE INVENTION 
royalties thereon or therefor. 10 The problems of the prior art may be solved and the 

TECHNICAL FIELD objects achieved by the preseqt invention in which a 
selective emitter is used to convert thermal, energy into 

Selective emitters are devices for converting thermal narrow band radiation with high me char- 
energy into narrow band radiation. Such devices are of acteristic dimension of the selective emitter must be 
both the thin film and the small particle types. If the 15 small in order to obtain high efficiency. Both of the 
narrow band output of the selective emitter is in the selective emitters in this disclosure have small ,-harac- 
visible region of the spectrum, then the device can be teristic dimensions. A selective emitter is used in combi- 
used as an efficient light source. If the Output is in the nation with a photovoltaic array to provide a thermal to 
infrared region of the spectrum. it can be efficiently electrical energy conversion device. 
converted into electrical energy by a photovoltaic ar- 20 One such device uses a thin film selective emitter for 
ray. The combination of the selective emitter and a converting thermal energy to energy in a narrow light 
photovoltaic array is a thermal to electric energy con- bandwidth. This light is coupled into a photocell which 
version device. Such energy conversion devices are then converts the light into electrical energy. The selec- 
called thermophotovoltaic devices. tive emitter is made by applying a thin film of a rare 

Solid selective emitters of the prior art have not been 25 earth oxide, such as neodymia, erbia, and the like, onto 
efficient. However, a solid selective emitter which uti- a low emittance substrate such as sapphire. This type of 
lizes small diameter filaments of rare earth oxides has selective emitter is more durable against vibration and 
improved efficiency. Such an emitter is described in impacts than the more conventional fibrous selective 
U.S. Pat. No. 4,584.426 to Nelson. It is the small diame- emitter. 
ter filaments that produce the improved efficiency in 30 In another Selective emitter small diameter particles 
this emitter. of a rare earth oxide are suspended in an inert gas en- 

~t is, therefor, an object of the present invention to closed between concentric cylinders. The rare earth 
produce a selective emitter which achieves even higher oxides are used because they have the desired properties 
efficiency than the prior art devices by utilizing either of large emittance in a narrow wavelength band and 

particles of very small diameters or thin films. 35 small emittance outside the band. In an alternate em- 

An additional of the invention is to provide a bodiment, the small particle gas mixture is circulated 

selective emitter having a simple design. through a thermal energy source which can be nuclear 

A further object of the invention is to provide a selec- reactor, solar receiver, or combustor of a fossil fuel. 

tive emitter which can be directly coupled to various 
40 BRIEF DESCRIPTION OF THE DRAWINGS 

thermal sources. 
A still further object of the invention is to provide a The objects, advantages and novel features of the 

invention will be more fully apparent from the follow- selective emitter which can operate at vacuum condi- ing detailed description when read in connection with tions. the accompanying drawings in which 
Still another object of the invention is to provide a 45 FIG. is a horizontal sectional view of a small parti- 

selective emitter which will eliminate the evaporative cle selective emitter constructed in accordance with the 
losses. present invention; 

BACKGROUNDART FIG. 2 is a vertical sectional view taken along the line 
2-2 in FIG. 1; 

U.S. Pat. No. 3,751,303 to Kittl discloses an energy 50 FIG. 3 is a schematic view showing a small particle 
conversion System which includes a rare earth oxide selective emitter directly connected to a thema] energy 
selective emitter and a photovoltaic cell to provide source; 
thermal-to-photo-to electrical energy conversion. Like- FIG. 4 is a horizontal sectional view of a thin film 
wise, U.S. Pat. No. 3,929,510 to Kittl discloses a solar selective emitter constructed in accordance with the 
radiation conversion system which includes a solar 55 prqsent invention; 
radiation-to-silicon cell spectral matching means having F~G, 5 is a vertical sectional view taken along the line 
ytterbium oxide applied as a layer or coating. 5-5 in m & c n d  

U.S. Pat. NO. 4,776,895 to Goldstein discloses a ther- FIG. 6 is a s c h e m i c  view showing thin film selec- 
mo~hotoceramic doped with a rare earth metal oxide. tive emitters used in a high power thermophotpoltaic -- The photovoltaic selector is matched to the emitter SO 60 energy converter. ,,,' 

as to absorb radiation in the same bands as the emitter. 
U.S. Pat. No. 4,707,560 to Hottel et a1 is directed to a BEST MODE FOR CARRYING OUT THE 

thermophotovoltaic system including a rare earth emit- INVENTION 

ter disposed concentrically within -a photocell array Referring now to the drawings, there is shown a 
matched to the frequency of the emitter. 65 selective emitter of the small particle type (SPSE) in 

U.S. Pat. No. 4,750,943 to Nelson describes a thermo- FIGS. 1 and 2. Small particles 10 of a rare earth oxide 
photovoltaic system including a narrow band emitter are suspended in an inert gas contained in a chamber 12 
spaced and optically isolated from the thermal energy formed by the space between an inner cylindrical wall 
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14 and an outer cylindrical window 16. The volume of In the embodiment shown in FIG. 3, the small parti- 
the chamber 12 is sealed by end walls 18 and 20. cle gas mixture is forced through metal pipes 28 with a 

This chamber 12 holds the small particles of a rare pump 30. This forced flow will distribute the small 
earth oxide, such as neodymia (Nd203), erbia (Eb203), particles throughout the gas. The small particle gas 
holmia (HozOj), or ytterbia (Yb203) suspended in an 5 mixture passes through a cylindrical chamber 32 which 
inert gas such as helium. Rare earths are used because is similar to the chamber 12 of FIGS. 1 and 2 in that it 
they have the desired property of large emittance in a . is surrounded by a photovoltaic array 34. The wall of 
narrow wavelength band and small emittance outside the chamber 32 is made of a window material similar to 
that band. However, it is emphasized that it is the small- that used for the cylindrical window 16 in FIGS. 1 and 
ness of the particles that enhances this radiation prop- 10 2. Also, the ~hotovoltaic array 34 provides electrical 
erty. Therefore, materials other than the rare earths power to an electrical power a t l e t  36. Thus* the em- 
may exhibit the same radiation property when used in bodiment shown in FIG. 3 is a thermophotovoltaic 
very small diameters between 0.01 pm and 0.1 pm. energy converter similar to the one shown in FIGS. 1 

In the embodiment shown in FIGS. 1 and 2, the small and 2. 
particle gas mixture that is enclosed between the con- 15 The small particle selective emitter should have 
centric cylinders made of an inner low emittance mate- higher efficiency than the solid selective emitters of the 
rial and an outer window material is heated by a flame prior art because of the small diameter (0.01-0.1 mi- 
or hot gas flow from a thermal energy source through crometers) of the particles. In addition to the improved 
the inner cylinder 14. The operating temperature for the efficiency, the small particle emitter can be 
SPSE will be in the range of 1000-2000 K. to obtain 20 directly coupled to various thermal sources such as a 
high efficiency. At a temperature of 1000 K. using small nuclear reactor, solar receiver or a combustor of fossil 
neodymia particles having diameters in the 0.01 pm-0.1 
pm range in helium, an efficiency of greater than 70% advantage the particle 
has been calculated. This efficiency is defined as: emitter is that for space power applications, a solid 

25 selective emitter will have to operate in vacuum condi- 
tions. Thus, the hot solid emittir mass will diminish by 

Em~tted Power ~n Emtssion Band Centered at A = 2.4 pm 
9 E  = evaporation. No evaporative losses will occur with a 

Total Em~tted Power small particle selective emitter because the particles are 
suspended in an inert gas, such as helium, at near atmo- 

For the lower temperatures of 1000 K. to 1500 K., a 30 spheric pressure. 
high temperature glass or fused silica can be used for A selective emitter of the thin film type for convert- 
both the inner cylinder 14 and the outer window cylin- ing thermal energy into narrow band radiation is shown 
der 16. ~t higher temperatures sapphire (A12031 can in FIGS. 4 and 5. This thin film selective emitter 
form the inner cylinder 14 and the outer window 16. (TFSE) has a simplified and durable design, 

The sPSE configuration shown in FIG. 1 has the 35 FIGS. 4 and 5 show a TFSE with the emitted radia- 
small  article gas mixture in a sealed, Separate ComPart- tion being converted to electrical energy by photovol- 
merit l2 the energy such as a flame taic array. As a result, the combination of the TFSE and 
or hot gas flow,   as sing through the cylinder 14. If the the photovoltaic array is a thermophotovoltaic energy 
system operates in the Earth's gravity field in a vertical converter. 
direction, then a free convection flow field will exist. 40  hi^ TFSE utilizes an emitter 40 by a 
The resulting flow velocities on the order 1 cm/sec. p~otovo~taic array 42. ~h~ emitter 40 comprises a thin 
will produce a drag force on the small particles large film 44 of a rare earth oxide, such as neodymia (Nb2O3), 
enough to overcome the gravity force. Therefore, the erbia (Ebz03), holmia (Ho203), or ytterbia (Yb203), 
small particles will be distributed throughout their con- that is deposited on a low emittance substrate 46, such 
fining compartment. If there is no gravity field, the 45 as sapphire ( ~ 1 ~ 0 ~ ) .  
small particles 10 will remain distributed throughout the The sapphire tube 46 is filled with a non-emitting 
gas. inert gas such as helium. The gas serves as a heat trans- 

As shown in FIGS. 1 and 2, the SPSE is shown sur- fer medium between-the input thermal energy from a 
rounded by a photovoltaic array 22 which supplies heat source 48 and the sapphire. 
power to an electrical power outlet 24. As a result, the 50 The heat source 48 comprises a block 50 of a good 
combination of the SPSE and the photovoltaic array 22 heat conducting metal, such as copper, which is used to 
is a thermophotovoltaic energy converter for supplying transfer heat from combustion gases in a combustion 
electrical energy to the power outlet 24. chamber 52 to the fill gas (He) in the sapphire tube 46. 

The output photon energy, hv, of the SPSE is at an A fuel is supplied to the combustion chamber 52 
energy equal to or slightly greater than the energy, Eg, 55 through an inner pipe 54 that is surrounded by an outer 
of the photovoltaic material. As a result the photovol- pipe %.,An oxidizer is supplied to the combustion 
taic efficiency will be high. This efficiency is the output chamber &'mh this outer pipe 56. 
electrical power/narrow band input radiation power. Combustion products from the fuel and oxidizer in 

the combustion*chamber S2+e removed byarrexhaust 
Description of Alternate Embodiments 60 line 58. Suitable thermal insulatisRdQef~loses the heat 

Another configuration for the SPSE is shown in FIG. 
3. In this embodiment, a small particle gas mixture of 
the type contained in the chamber 12 shown in FIGS. 1 
and 2 is circulated through a thermal energy source 26 
rather than being separated from the thermal energy 65 
source as in the embodiment shown in FIGS. 1 and 2. 
The thermal energy source can be a nuclear reactor, 
solar receiver or combustor of a fossil fuel. 

source 48. 
The photovoltaic array 42 is made of a plurality of 

photovoltaic cells 62 on a substrate 64 of silica glass. 
The substrate 64 also provides a vacuum layer around 
the emitter 40. The photovoltaic array cells 62 are 
cooled by fins 66. 

Rare earths are used for the film 44 because they have 
the desired property of large emittance in a narrow 



band and small emittance outside the band. The film is a non-emitting inert gas in said tube for transferring 
quite thin, having a thickness of between about 1 nano- thermal energy from said heat source to said tube, 
meter and about 10 nanometers. a selective emitter comprising a rare earth oxide thin 

The output photon energy, hv, of the TFSE is at an film having large emittance in a narrow band and 
energy equal to or slightly greater than the bandgap 5 small emittance outside said band with a thickness 
energy, Eg, of the photovoltaic material. As a result, the between about one nanometer and about ten nano- 
photovoltaic efficiency will be high. The photovoltaic meters on said tube for converting said thermal 
efficiency is the output electrical power/narrow band energy into narrow band radiation, and 

input radiation power. a photovoltaic array spaced outwardly from said tube 

To obtain high emitter efficiency the material of the 10 to convert said radiation into electrical energy. 

substrate 46 must have low emittance. Sapphire is the 2' aPParaUls as in 'Iaim 

optimum substrate material because it is capable of op- wherein the thin film comprises a rare earth oxide emit- 
ter selected from the group consisting of neodymia, erating in the temperature range of 1000 K. to 2000 K., erbia, holmia, and ytterbia. 

where the emitter 40 is the most efficient. For emitter 15 3. Energy conversion apparatus for converting ther- 
temperatures in the 1000 K. to 2000 K., calculations mal energy to electrical e9ergy comprising 
yield an emitter efficiency, NE, for neodymia greater (a) a selective emitter comprising 
than 40% if sapphire emittance is low, i.e., less than 0.1. a first cylinder of a low emittance material, 
Emitter efficiency is defined as the power emitted in the a second cylinder of a window material transmis- 
emission band divided by the total radiated power. 20 sive of radiation emitted in a narrow wavelength 

Rare earth oxide films 44 can be deposited on the band spaced outwardly from said first cylinder in 
sapphire substrate 46 by ion beam sputtering. This is a concentric relationship thereto thereby forming 
simpler process than the chemical process used for mak- a chamber in the space between said first and 
ing solid state emitters of the prior art. second cylinders, 

The thin film selective emitter can easily operate in a 25 a pair of oppositely disposed end walls extending 
gravity field, whereas small particle selective emitters between said first and second cylinders for seal- 
require convection currents to maintain the suspension ing said chamber at the ends thereof, 
of small particles. The thin film selective emitter also is an inert gas enclosed in said chamber, 
more durable against vibrations and impacts than the particles of a rare earth oxide emitter having diam- 
solid emitters which utilize small fibers. 30 eters between about 0.01 pm and about 0.1 pm 

The embodiment shown in FIGS. 4 and 5 is prefera- adapted to be suspended in said inert gas, said 
ble for a low power application using combustion as the rare earth oxide having large emittance in said 
thermal energy input. The central metal block or slug narrow wavelength band and small emittance 
50 is used to aid in heat transfer between the flame and outside said band, and 
the gas. To reduce radiation from this slug 50 to the 35 means for passing heat through said first cylinder 
outside, which is a system loss, the slug is hidden from whereby said inert gas is heated to produce radi- 

the outside by the insulation 60. Also, to eliminate con- ation in said narrow wavelength band, and 

vective heat transfer losses the emitter 40 is surrounded (b) a photovoltaic array 'paced from said 

by a vacuum layer between the sapphire substrate 46 second cylinder to convert said radiation into sa~d 

and the silica glass substrate 64. 40 electrical energy. 

For high power app]ications where a large thermal 4. apparatus as in 'Iaim 

energy source such as a nuclear reactor or solar re- wherein the inert gas is helium. 
5. Energy conversion apparatus as claimed in claim 3 ceiver is used, the embodiment shown in FIG. 6 is used. wherein the particles are of a rare earth oxide selected 

A hot inert gas, such as helium, is circulated through a 45 from the group consisting of neodymia, erbia, holmia, 
thermal source 70 and insulated pipes 72 by a pump 74. and ytterbia. 
This hot inert gas is carried to one or more thin film 6, Energy conversion apparatus as claimed in claim 
emitters 76 that are surrounded by photovoltaic arrays including a first cylinder of a material selected from 
78. The output of the emitter 76 then narrow high temperature glass and fused silica for operation at 
band radiation to the photovoltaic arrays 78 which are 50 temperatures between abut 1000 K. abut 1500 K. 
cooled by a radiator 80. 7. Energy conversion apparatus as claimed in claim 3 

embodiments the invention have including a second cylinder of a high temperature glass. 
been disclosed and described, it will be apparent that 8. E~~~~~ conversion apparatus as claimed in ,-laim.3 
various structural modifications may be made without including a second cylinder of fused silica. 
departing the spirit of the invention and the scope of the 55 9. Energy conversion apparatus as claimed in claim 3 
subjoined claims. 

I claim: 
1. Apparatus for converting thermal energy to elec- 

trical energy comprising 9 including a second cylinder of sapphire fo_r_mration 
a sapphire tube forming a low emittance substrate, 60 at temperatures above 1500 K. .___, ,' 

a heat source in said tube, * * * * *  


