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[571 ABSTRACT 
A unique structure for constructing the emissive patch 
of a spaceborne radiative cooler is shown. The structure 
has very high emissivity for all angles up to a designed- 
in maximum angle and near zero emissivity for greater 
angles. The structure also allows the use of high emis- 
sivity, nonconducting paints while fully complying 
with the NASA Electrostatic Discharge Susceptibility 
requirements for spacecraft. To accomplish these tasks, 
two previous disadvantages of prior art methods are 
addressed; eliminating background thermal radiation 
sources and problems concerning the high emissivity 
paints used in association with the black body radiator. 
A reflector consisting of an array of parabolic concen- 
trators is separated from a black body element by an 
electrically conductive spacer. The concentrators serve 
to limit the field of view while the conductive spacer 
eliminates the need to use a conductive paint on the 
emissive element. 

14 Claims, 4 Drawing Sheets 
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1 
PATCH FOR RADIATIVE COOLERS 

5,241,836 

ORIGIN OF THE INVENTION 
The invention described herein was made by an em- 

ployee of the United States Government, and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefor. 

TECHNICAL FIELD 
This invention relates to radiative coolers in general 

and specifically to a means of increasing the efficiency 
of a radiative cooler. 

BACKGROUNDART 
As space-borne instrumentation increases in sophisti- 

cation, technological advances must be made in order to 
meet mission objectives and needs. While heat pipes and 
cryogenic coolers frequently have been employed for 20 
close-in missions, a survey of cryogenic sensor cooling 
needs for future space missions, particularly for deep 
space operations, has identified numerous missions with 
formidable cooling requirements for which present 
technology is inadequate. 25 

Radiative coolers offer a reliable, no power method 
of cooling spacecraft instrument sensors. They consist, 
in their simplest form, of a high thermal conductivity 
path from the spacecraft sensor to a blackened patch 
which radiates heat from the sensor into the relatively 30 
cold background of space. The structure disclosed here 
addresses two problems common to most radiative 
coolers: loss of cooling capacity due to warm objects 
within the radiative field-of-view, and incompatibility 
of the blackest paints with Electrostatic Discharge Sus- 35 
ceptibility (EDS) requirements. 

10 

15 

STATEMENT OF THE INVENTION 
It is therefore an object of the present invention to 

Another object of the present invention is to prevent 
loss of cooling capacity due to warm objects within the 
radiative cooler’s field-of-view. 

A further object of the present invention is to over- 
come the incompatibility of the blackest paints with 45 
Electrostatic Discharge Susceptibility requirements. 

These and other objects are achieved by providing a 
unique structure for constructing the emissive patch of 

increase the efficiency of radiative coolers. 40 

a spaceborne radiative cooler. The structure has very 
high emissivity for all angles up to a designed-in maxi- 
mum angle and near zero emissivity for greater angles. 
The structure also allows the use of high emissivity, 
nonconducting paints while fully complying with the 
NASA Electrostatic Discharge Susceptibility require- 
ments for spacecraft. To accomplish these tasks, two 
previous disadvantages of prior art methods are ad- 
dressed. The first aspect relates to eliminating back- 
ground thermal radiation sources and the second is 
concerning the high emissivity paints used in associa- 
tion with the black body radiator. The rate of radiation 
from a black body is a function of the temperature dif- 
ference between a radiating element and its surround- 
ings. Ideally, the surroundings should be limited to 
objects at or near absolute zero. To this end, the inven- 
tion presents the use of reflectors which limit the field 
of view of the radiating element and restricts the field of 
view to an empty region of space. The reflector consists 
of an array of compound parabolic concentrators (also 
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known as “CPC‘s” or “Winston Cones) which is sepa- 
rated from a black body element by an electrically con- 
ductive spacer. The concentrator serves to limit the 
field of view while the conductive spacer eliminates the 
need to use a conductive paint on the emissive element. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a top view of a portion of a compound 

parabolic concentrator patch according to the present 
invention. 

FIG. 2 is a cross sectional view of the patch for radia- 
tive coolers containing compound parabolic concentra- 
tors along line 2-2 of FIG. 1. 

FIG. 3 is an exploded view of a compound parabolic 
concentrator patch according to the present invention. 

FIG. 4 is a cross sectional view of an alternative 
embodiment of a compound parabolic concentrator 
patch according to the present invention. 

DETAILED DESCRIPTION O F  THE 
INVENTION 

Referring now to FIG. 1, a top view of a portion of 
emissive patch 10 for radiative coolers containing sev- 
eral compound parabolic concentrators 1 is shown. The 
present invention is a three element structure; a 2- 
dimensional array of concentrators 1 (preferably com- 
pound parabolic concentrators (CPC’s)); a thick perfo- 
rated plate 3 acting as a spacer (see FIG. 2); and a thin, 
flat back plate 5. The primary function of each concen- 
trator 1 is to constrain the radiative field-of-view of 
patch 10 to a specific maximum angle from the normal 
to the plane of patch 10. In the embodiment shown, the 
radiation angle is +W. Each concentrator 1 also acts 
as a grounded, electrically conducting shield, necessary 
to meet EDS requirements (as discussed below). The 
function of spacers 3 (FIG. 2) is to position back plate 5 
at least one concentrator input aperture diameter behind 
the front surface of concentrators 1. This is also to meet 
EDS requirements. Front surface 7 of back plate 5 is 
blackened and emits and absorbs radiation with the 
space background through concentrators 1. Back sur- 
face 9 of back plate 5 is highly reflective to minimize 
radiative exchange with the (comparatively) warm 
spacecraft and its instruments. 

In one embodiment, each concentrators is electro- 
formed out of nickel. Nickel has the advantages of being 
relatively strong, easy to electroform, and easy to elec- 
tropolish. Each concentrator 1 is electropolished and 
coated in specular gold. Gold is the highest reflective 
metal for the infrared wavelengths of interest. Each 
concentrator 1 can be a right circular cone, a pyramid, 
or a CPC. CPCs are preferable as they provide the most 
efficient concentration and the sharpest angular cutoff. 
A hexclose-pack array can be used to maximize the fill 
factor with circular aperture concentrators (see FIG. 

Each spacer must be an electical conductor. The 
overall structure is designed to meet EDS requirements 
by meeting section 3.3.8.1.3, part d) of JPL‘s Environ- 
mental Design Requirements, dated 14 November 1991. 
This part requires that chargedhonconducting surfaces 
must be recessed below the grounded spacecraft surface 
according to the formula: 

3). 
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a plurality of concentrators to constrain said radiative 

a thin flat plate attached to said spacecraft; and 
a plurality of thermally and electrically conductive 

spacers between said plurality of concentrators and 
said thin flat plate. 

2. The device of claim 
are compound parabolic concentrators. 
3. ne device of claim 2 wherein 

field of view of said patch; ~-> 1.0 where 
d = depth to nonconducting surface 
A = area of the aperture 5 

The height or thickness of each spacer 3 must be such 
that the assembled structure meets this requirement. 
The only radiometric requirement is that the sides of 
spacer 
specularly reflect what it does not absorb. 

emissivity 
Ames BE, can be used. Note that, because of the geom- 
etry of the overall structure, the black paint does not I5 
need to be electrically conducting to meet EDS require- 
ments. Back side 9 of back plate 5 should be smooth and 
coated with a very low emissivity material, such as 
specular gold. 

of patch 10 together with electrically conductive ep- 
oxy. It is also critical that each concentrator 1 be electri- 
cally connected to the spacecraft ground. Since the 
mechanical support around the periphery of patch 10 

cal to run a small diameter wire from the spacecraft 
ground to the metal concentrator 1. To minimize ther- 
mal conduction along the wire, it should be made from 
a low conductivity material such as stainless steel or 3o plate is highly reflective. 
manganese. 

shown in FIG. 4. Here, the electroformed front element 
11 acts as both the concentrator and spacer. 

variations of the present invention are possible in light 
Of the above teachings. It is therefore to be understood 
that the present invention can be practiced otherwise 
than as specifically described herein and still will be 
within the spirit and scope of the appended claims. 

wherein =id 

plurality of 
be smooth and vertical and that the surface 10 concentrators are arranged as a hexagonal close pack 

array. 
4. The device of claim 3 wherein said compound 

parabolic concentrators limit the radiation angle to 
*ao. 

5. The device of claim 4 wherein said concentrators 
are electroformed out of nickel and coated in specular 
gold. 

6. The device of claim 1 wherein said concentrators 
are right circular conic concentrators. 

7. The device of claim 1 wherein said concentrators 
are a PYrmidic concentrators. 

8. The device of claim 1 wherein said spacers Psition 
said flat Plate at least One concentrator 
diameter behind a front surface of said concentrators. 

9. The device of claim 1 wherein the sides of said 
'pacers are smooth and with a surface that 
s~cular ly  reflects what it does not 
10. The device of claim 1 wherein a front surface of 

said flat plate is blackened and a back surface of said flat 

11. The device of claim 10 wherein said front surface 

12. The device of claim wherein said back surface 
of said flat plate is made highly reflective by coating 

13. The device of claim 1 wherein said plurality of 
concentrators, said thin flat plate, and said plurality of 
spacers are bonded together with electrically conduc- 
tive epoxy. 

14. The device of claim 1 wherein said plurality of 
concentrators and said like plurality of spacers are 
joined thereby forming a single element. 

Front surface 7 of back plate 5 should have as high an 
possible. An ultra black paint, such 

One method of construction is to bond the elements 20 

be a good thermal insulator, it be most practi- 25 

An alternative embodiment Of patch lo structure is of said flat plate is blackened with an ultra black paint. 

To those skilled in the art, many modifications and 35 with specular gold. 

40 
1 claim: 
1. An emissive patch for a spacecraft radiative cooler * * * + *  having a radiative field of view comprising: 
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