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This invention relates to a window which insulates one 
side thereof from the heat energy present on the other 
side. More speci?cally, the invention provides a trans 
parent window which, by means of selective re?ection, 
vacuum insulation, and forced fluid cooling, is able to 
maintain the area behind the window comparatively cool 
even though the other surface of the window is exposed 
to extremely high temperatures and intense infrared 
radiation. 

Generally, the device comprises a plurality of trans 
parent panes, which are in spaced parallel relation. A 
vacuum may be maintained between one pair of these 
panes while forced ?uid cooling may be utilized to cool 
one or more of the surfaces of these panes. The fluid 
utilized for this cooling, which is preferably a gas (e.g., 
air), is maintained between a pair of surfaces of these 
panes, which pair are preferably positioned on the side 
of the vacuum remote from the hot side of the window. 
In addition, means for ?ltering out infrared radiation are 
utilized. Preferably, this last mentioned means is a thin 
coating (for example, of gold) which has the property 
of re?ecting much of the infrared radiation while trans 
mitting most of the radiation in the visible range. 
An object of the inventon is the provision of a win 

dow which has the property of insulating the area on one 
side from the intense heat and infrared radiation which 
may be present on the other side in a more e?icient manner 
than prior art windows, while still remaining highly trans 
parent to visible light. 

Other objects and advantages will be apparent to those 
skilled in the art upon reading the following speci?cation 
and the accompanying drawing in which: 
The sole ?gure is a cross section through a speci?c 

embodiment of a window illustrating the invention and 
showing the mounting means therefor. 

In the drawing the window of the invention is shown 
as being composed of three spaced panes 10, 20, and 30. 
Pane 10 is the outer pane, that is the one exposed to 
the intense heat and radiation existing on the exterior of 
the lowermost surface 12 thereof. The intense heat may 
be caused, for example, by the air friction when the 
window of the invention is utilized as part of the surface 
of a supersonic airplane or other ?ying craft. Of course, 
the window may be utilized in many other applications 
in which it is desired to insulate one area from intense 
heat and radiation caused by any means while still al 
lowing viewing therethrough. In order to enable this 
?rst pane 10 to withstand high temperatures, a material 
which is resistant to such temperatures should of course 
be used. For example, pane 10‘ may be made of fused 
silica. 
Between the inner surface 14 of this ?rst pane 10 and 

the adjacent surface 22 of the second pane 20 an evacu 
ated area 16 is maintained. Because of the vacuum 16 
existing between panes 10 and 20, pane 20 is shielded 
from the heat of outer pane 10 which might otherwise 
reach it by either conduction or convection. The entire 
surface of pane 20 adjacent to the vacuum is coated with 
a material which is highly re?ective of infrared radiation, 
as shown at 22. This coating 22 may be a thin layer of 
gold formed on pane 20 by means, for example, of evapo 
ration techniques. Between the inner surface 24 of the 
second pane and the outer surface 32 of the third or 
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innermost pane 30, a flow of ?uid, such as air or other gas 
is maintained, as schematically represented by arrows 28. 
This gas ?ow cools intermediate pane 20 and may be 
caused by pressurized air or other gas emanating from 
‘nozzle 40 of pressure tube 42. ‘In order to assist in caus 
ing this air to ?ow over upper surface 24 of pane 20 in 
a laminar manner, an exhaust or outlet tube 44 is pref 
erably provided at the end of space 26 remote from air 
pressure nozzle 40. This exhaust tube 44 may have a 
funnel-shaped entrance as shown at 46. Intermediate 
pane 20 is preferably made of fused silica or other heat 
resistant material while inner pane 30 may be fused silica 
or ordinary glass. 
Although the means for mounting the three spaced 

panes is not critical, one of the possible holding devices 
which may be utilized for this purpose is illustrated in 
the ?gure. This mounting means may comprise a pe 
ripheral gasket 50 composed of a comparatively resilient 
and heat insulating material such as a moderately soft 
synthetic resin or rubber. Where the overall shape of 
the window is circular, this gasket 50 would normally be 
made in one piece; however, where the window is square 
or rectangular, gasket 50 may be either one integral piece 
or made in four separate straight pieces joined together 
at the corners of the window. This gasket 50 seals both 
the outer surface 12 of pane 10 and the two facing sur 
faces 14, 22 of panes 10 and 20 which contain the vacu 
um 16 in a hermetic manner. It is not necessary that the 
gasket be this tight against the inner surface 24 of the 
intermediate pane 20 or either surface 32 or 34 of the 
inner pane, since isolation of the exterior air and of the 
vacuum is accomplished by the above-mentioned hermetic 
sealing. The element which contains this gasket is shown 
at 52 and may comprise either the existing wall of the 
airplane or other structure or may instead be a mounting 
or clampring installed in ‘an opening in the outer surface 
of the plane. 
The gas flow 28 in the space 26 is preferably laminar, 

as mentioned above, since any turbulence would tend to 
cause a certain amount of adverse effect on the View 
provided when looking through this window. Since one 
of the primary uses of the invention is to provide a win 
dow which is suitable for the taking of photographic pic 
tures therethrough, it is quite important that the turbu 
lence in the gas ?ow be minimized in order to avoid any 
degradation in the photographic image. When the inven 
tion is utilized as the outer window in a supersonic air 
plane, the area immediately inside this window (i.e., 
above the inner surface 34 of the inside window pane 30) 
may be maintained substantially at room temperature 
even though the outer surface 12 of the outer pane 10 
,may be raised to tempeartures as high as 1000“ F. by air 
friction. 
The window operates so as to effect this high degree of 

insulation between the area outside (i.e., below outer 
pane 10) and the interior side (i.e., above inner pane 30) 
in the following manner. Friction and incident radiation 
will tend to heat the outer pane 10 to extremely high tem 
peratures when the window is utilized in supersonic air 
craft. In time not only will the outer surface 12 of the 
?rst pane lit be heated by friction with the atmosphere, 
but the entire pane including its inner surface 14 will 
become very hot from this heat as it is conducted through 
the pane. The vacuum 16 therefore acts to inhibit the 
transfer of heat from outer pane 10 to any part of the 
intermediate pane 20 which would otherwise occur by 
either conduction or convection. The gold or other 
metallic coating 22 on the outer surface of the inter 
mediate pane 20 reflects most of the infrared radiation 
reaching this surface either directly from the outside or 
as re-radiated by outer window 10. However, this gold 
coating is sui?ciently thin so as to allow the transmission 
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therethrough of most of the radiation in the visible part 
of the spectrum. Although most of the heat is therefore 
isolated from the main body of pane 2t}, nevertheless this 
pane will tend to reach a temperature substantially above 
room temperature even though much lower than the tem 
peratures of the outer pane it}. One of the causes of this 
moderate heating of middle pane 20 is the partial ab 
sorption of infrared and other rays by the gold coating. 
Since this pane 20 will, therefore, eventually become 
somewhat warm even at its inner surface 24, the forced 
air draft along this surface will maintain the entire pane 
at comparatively low temperature by dissipating this heat. 
Therefore, the inner pane 39 will be maintained quite 
cool. This is caused by two factors. First, the tem 
perature of the intermediate pane 28 is thereby maintained 
at a much lower temperature than it would be without 
the air cooling; and second, any of the residual heat of 
the intermediate pane which would otherwise be trans 
mitted to inner pane 3i‘: by either conduction or convection 
is actually carried away by the air ?ow. By maintain 
ing this cooling gas flow in a laminar manner no adverse 
effect on the images received at the inside of the window 
will becaused. 
As previously stated, one of the main uses contem 

plated for the invention is as a photographic window in 
a high speed aircraft. By maintaining a temperature 
difference which may be as great as the difference between 
1000“ F. and 70° F. between its two most remote sur 
faces while still allowing transmission of most of the 
visible light without any variable refraction thereof, the 
device is especially suited for this use. , However, the win 
dow may be utilized wherever it is desirable to maintain 
a large temperature differential while still allowing an 
optically true viewing therethrough. Thus, other uses of 
the device would include it being used as a furnace win 
dow, particularly in laboratory or similar scienti?c en 
vironment where an undistorted view of the furnace 
interior is desirable. 

Because of these various other uses and the changes 
in detail which may be made by one skilled in the art 
to adapt the illustrated preferred embodiment to varying 
conditions, the particular window described and illustrated 
is intended to represent only one manner in which the 
invention may be utilized. For example, the number of 
panes may be increased from three to any reasonable 
number to allow repetition of either ?uid cooling, sim 
ilar to that occurring between panes 2t) and 3th, or vacuum 
isolation, similar to that occurring between panes 1t} and 
20. Similarly, more than one re?ective coating (like 22) 
may be used, either on the other intermediate surfaces 
of the illustrated three-pane embodiment or on one or 
more of the surfaces of the additional intermediate panes 
that may be utilized in an embodiment having four or 
more panes. The invention is therefore not intended, nor 
should it be, limited to any of the details of the preferred 
embodiment speci?cally described, but rather is de?ned 
solely by the scope of the appended claims. 
We claim: 
1. A transparent window for insulating a lower tem 

perature area from a higher temperature area while al 
lowing a clear View thereof comprising: 

an outer pane of heat resistant transparent material 
adapted to face said higher temperature area; 

an intermediate transparent pane on the side of said 
outer pane remote from said higher temperature 
area and spaced from said outer pane; 

the space between said outer and said intermediate 
panes being evacuated so as to be substantially free 
of any material; 

an inner transparent pane spaced from and on the side 
of said intermediate pane remote from said higher 
temperature area, therefore being adjacent said lower 
temperature area; 

means for forcing a flow of cooling fluid between said 
intermediate and said inner panes; and 
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infrared re?ecting means, so positioned as to re?ect a 
substantial portion of the infrared radiation which 
would otherwise reach said lower temperature area 
from said higher temperature area back to said 
higher temperature area. 

2. The window according to claim 1, in which said 
infrared re?ecting means comprises a thin coating on one 
of the surfaces of said intermediate pane. 

3. The device of claim 1, in which said means for 
forcing a flow of said cooling fluid is so constructed as 
to cause said ?uid to ?ow in a laminar manner. 

it. The device of claim 1, in which said cooling fluid 
is a gas. 

5. A transparent window for insulating a lower tem 
perature area from a higher temperature area while al 
lowing a clear view thereof comprising: 

an outer pane of heat resistant transparent material . 
adapted to face said higher temperature area; 

an intermediate transparent pane on the side of said 
outer pane remote from ‘said higher temperature area 
and spaced from said outer pane; 

the space between said outer and said intermediate 
panes being evacuated so as to be substantially free 
of any material; 

an inner transparent pane spaced from and on the side 
of said intermediate pane remote from said higher 
temperature area, therefore being adjacent said lower 
temperature area; 

means for forcing a ?ow of cooling ?uid between said 
intermediate and said inner pane; 

infrared re?ecting means, so positioned as to re?ect a 
substantial portion of the infrared radiation which 
would otherwise reach said lower temperature area 
from said higher temperature area back to said higher 
temperature area; 

and means for mounting and maintaining said outer, 
said intermediate, and said inner panes in said spaced . 
relation comprising a heat insulating resilient mate 
rial having portions in close engagement with at least 
one of the surfaces of each of said outer and said 
intermediate panes; 

said portions of said resilient material being connected 
to each other by some part of said resilient material 
in such a manner as to maintain a hermetic seal be 
tween said one surfaces of each of said outer and 
said intermediate panes. 

6. A transparent window for insulating a lower tem' 
perature area from a higher temperature area while al 
lowing a clear view thereof comprising: 

an outer pane of heat resistant transparent material 
adapted to face said higher temperature area; 

an intermediate transparent pane on the side of said 
outer pane remote from said higher temperature area 
and spaced from said outer pane; 

the space between said outer and said intermediate panes 
being evacuated so as to be substantially free of 
any material; ' 

an inner transparent pane spaced from and on the side 
of said intermediate pane remote from said higher 
temperature area, therefore being adjacent said lower 
temperature area; 7 . 

inlet means for introducing a forced ?ow of cooling 
fluid between said intermediate and said inner panes; 

outlet means, spaced a substantial distance from said 
inlet means, for allowing the cooling ?uid to be 
withdrawn from the space between said intermediate 
and said inner panes after said cooling ?uid has 
traversed a substantial length of said space so as to 
assist in causing laminar ?ow of said cooling ?uid; 

and infrared re?ecting means, so positioned as to re?ect 
a substantial portion of the infrared radiation which 
would otherwise reach said lower temperature area 
from said higher temperature ‘area back to said 
higher temperature area. 

(References oil-following page)v 



1,700,656 
1,887,654 
1,957,279 
2,080,120 
2,502,575 

References Cited by the Examiner 

3,192,575 
5 6 

FOREIGN PATENTS 
UNITED STATES PATENTS 606,914 8/48 Great Britain. 
1/29 Tiuyer ____________ __ 88__24 X 102,064 7/41 SWBd€IL 

Isl/Q42 gig“ ------------ " 126_200 5 CHARLES E. O’CONNELL, Primary Examiner. 

5/37 Everett _____________ __ 240_47 HARRISON R. MosELEY, Examiner. 
4/50 Lernyre _____________ __ 20~—56.5 


