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What is claimed is:

1. A thermophotovoltaic panel assembly for use in a hot environment above 600 °C. having

ambient photons, the thermophotovoltaic panel assembly comprising:

a) four module assemblies, each module assembly having:

a planar photovoltaic element with an effective energy wavelength spectrum for

converting photons in the effective energy wavelength spectrum of the planar photovoltaic

element into electricity, wherein a first portion of the ambient photons are in the effective energy

wavelength spectrum and a second portion of the ambient photons are not in the effective energy

wavelength spectrum; and

an emitter assembly having a planar transmissive emitter element, the planar

transmissive emitter element separated from the planar photovoltaic element by a gap, wherein

the planar transmissive emitter element has a transition that allows the first portion of ambient

photons in the effective energy wavelength spectrum to pass from the hot environment

therethrough to the planar photovoltaic element for conversion into electricity; and the planar

transmissive emitter element absorbs the second portion of ambient photons outside the effective

energy wavelength spectrum to heat the planar transmissive emitter element which emits radiated

photons in the effective energy wavelength spectrum to the planar photovoltaic element for

conversion into electricity; and

b) a heat sink assembly being: elongated; and four-sided with four faces, each face

coupling to one of the four module assemblies.

2. A thermophotovoltaic panel assembly as recited in claim 1, wherein the planar transmissive
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emitter element is at least partially transparent to support a visual interference fringe pattern

analysis for visually evaluating if a fringe pattern is present to evaluate a uniformity of the gap,

wherein the emitter element is fabricated from a material selected from the group consisting of

magnesium fluoride, quartz, fused quartz, silica, fused silica, sapphire, quartz with a first coating,

silica with a second coating, sapphire with a third coating, quartz with a carbon coating, quartz

with a silicon coating, quartz with a carbon coating and a silicon coating, an at least partially

transparent substrate with an opaque coating, an at least partially transparent substrate with an

index of refraction matching coating, an at least partially transparent substrate with an anti-

reflective coating, an at least partially transparent substrate with a reflective coating, and a

substrate with a selective emission layer.

3. A thermophotovoltaic panel assembly as recited in claim 1, wherein the planar transmissive

emitter element is fabricated from a thermally insulating material.

4. A thermophotovoltaic panel assembly as recited in claim 1, wherein the planar transmissive

emitter element is additionally heated by absorbing a portion of the first photons.

5. A thermophotovoltaic panel assembly as recited in claim 1, further comprising a backside

reflector coating on the planar photovoltaic element for reflecting second photons outside the

effective energy wavelength spectrum back onto the planar transmissive emitter element for

absorption.
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6. A thermophotovoltaic panel assembly as recited in claim 1, further comprising at least one

layer on a side of the emitter assembly to act as a thermal resistor to limit lateral flow of heat.

7. A thermophotovoltaic panel assembly as recited in claim 6, wherein the at least one layer is

multiple layers including: a first layer; and a second layer for infrared absorption and being a

higher index of refraction material than the first layer.

8. An energy conversion panel assembly comprising:

a heat sink, and

at least one energy conversion thermophotovoltaic module mounted on the heat sink

including:

an energy conversion thermophotovoltaic assembly having a photovoltaic element

with an effective energy spectrum for converting energy in the effective energy spectrum of the

photovoltaic element into electricity; and

an emitter assembly separated from the energy conversion thermophotovoltaic

assembly by a gap, wherein the emitter assembly, emits radiated energy, is exposed to first

energy from a hot environment, the first energy being in the effective energy spectrum; allows

the first energy to pass therethrough to the thermophotovoltaic element for absorption; absorbs,

from the hot environment, second energy to become heated; and emits radiated energy in the

effective energy spectrum,

wherein the at least one energy thermophotovoltaic conversion module is a plurality

of photovoltaic assemblies arranged on the heat sink, and

wherein the heat sink includes:
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a proximal end coupled to a cooling fluid source; an integral back plate with bores for

ingress and egress of cooling fluid;

a body extending from the back plate and defining a flow area in fluid communication

with the bores; and

a tin plate having fins extending into the flow area to facilitate cooling of the heat

sink, wherein the fins are generally a plurality of elongated ridges forming parallel channels

therebetween with distal ends of the fins forming a race-track configuration.

9. An energy conversion panel assembly as recited in claim 8, wherein the emitter assembly

includes a planar transmissive emitter element that is at least partially transparent to support a

visual interference fringe pattern analysis for visually evaluating if a fringe pattern is present to

evaluate a uniformity of the gap.

10. An energy conversion panel assembly as recited in claim 8, wherein the emitter assembly is

additionally heated by absorbing a portion of the first energy.

11. An energy conversion panel assembly as recited in claim 8, further comprising a film on the

emitter assembly that absorbs photons with energies higher than can be converted by the energy

conversion thermophotovoltaic assembly, wherein the photons with energies higher than can be

converted by the energy conversion thermophotovoltaic element are converted into thermal

energy by the film to heat the film and, in turn, the emitter assembly.

12. An energy conversion panel assembly comprising:
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a heat sink, and

at least one energy conversion thermophotovoltaic module mounted on the heat sink

including:

an energy conversion thermophotovoltaic assembly having a photovoltaic element

with an effective energy spectrum for converting energy in the effective energy spectrum of the

photovoltaic element into electricity; and

an emitter assembly separated from the energy conversion thermophotovoltaic

assembly by a gap, wherein the emitter assembly:

emits radiated energy; is exposed to first energy from a hot environment, the first

energy being in the effective energy spectrum;

allows the first energy to pass therethrough to the thermophotovoltaic element for

absorption; absorbs, from the hot environment, second energy to become heated; and

emits radiated energy in the effective energy spectrum wherein the at least one

energy conversion thermophotovoltaic module is a plurality of photovoltaic assemblies arranged

on the heat sink, and wherein: the heat sink is elongated; the heat sink has a proximal end

coupled to a cooling fluid source and a distal end; and

the heat sink defines a cooling bay adjacent to each of the photovoltaic assemblies,

the cooling bays being coupled to the cooling fluid source by an inlet manifold assembly, and

each cooling bay defines an inlet, and the manifold assembly further comprising a plurality of

inlet slots that vary in size to vary flow through each cooling bay according to a position on the

heat sink to address local variation in cooling requirements.

13. An energy conversion panel assembly as recited in claim 12, further comprising a film on the
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emitter assembly that absorbs photons with energies higher than can be converted by the energy

conversion thermophotovoltaic assembly, wherein the photons with energies higher than can be

converted by the energy conversion thermophotovoltaic element are converted into thermal

energy by the film to heat the film and, in turn, the emitter assembly.

14. An energy conversion thermophotovoltaic panel assembly in an environment having a

radiative heat source comprising:

an energy conversion thermophotovoltaic element with an effective energy

spectrum for converting energy in the effective energy spectrum into electricity;

and an emitter assembly separated from the energy conversion thermophotovoltaic

element by a gap, wherein the emitter assembly includes:

a substrate having a first surface and a second surface opposing the first surface, the

second surface being separated from the energy conversion thermophotovoltaic element by the

gap;

a first layer of material coupled to the second surface, wherein the emitter assembly

is formed allowing first energy in the effective energy spectrum from the radiative heat source to

pass through the substrate and the layer to the energy conversion thermophotovoltaic element,

wherein the layer absorbs second energy emitted from the radiative heat source in order to heat

the first layer and radiates first energy to the energy conversion photovoltaic element for

absorption thereby; and

a second layer for infrared absorption, the second layer being applied to the first

layer.
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15. A method of manufacturing an energy conversion photovoltaic panel assembly, the method

comprising the steps of:

providing an energy conversion thermophotovoltaic element;

providing an optically transparent planar substrate having a first surface and a

second surface opposing the first surface;

coupling a layer of material on the second surface to form an emitter, wherein the

layer is for absorbing photons emitted from a radiative heat source in order to heat the layer so

that when the layer is hot, the layer radiates energy to the energy conversion thermophotovoltaic

element for absorption thereby; and

forming a plurality of spacers for separating the emitter from the photovoltaic

element by a gap, wherein a thickness of the layer allows the layer to act as a thermal resistor to

limit the lateral conduction of heat to the plurality of spacers.

16. A method as recited in claim 15, further comprising the step of depositing a second layer on

the layer of material to index match to the energy conversion thermophotovoltaic element to

enhance near-field performance.

17. A method as recited in claim 15, further comprising the step of depositing a film on the

substrate that absorbs photons with energies higher than can be converted by the energy

conversion thermophotovoltaic element, wherein the photons with energies higher than can be

converted by the energy conversion thermophotovoltaic element are converted into thermal

energy by the film to heat the film and the emitter emits energy for energy conversion by the

energy conversion thermophotovoltaic element.
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18. A method as recited in claim 15, wherein the plurality of spacers are made from a first

insulating material and the optically transparent planar substrate is made from a second

insulating material.


