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3,397,720 
MULTIPLE LAYER INSULATION FOR A 

CRYOGENIC STRUCTURE 
Peter Jones, Los Angeles, Calif., assignor, by mesne as 

signments to Hitco, Gardena, Cali?, a corporation of 
California 

Filed Oct. 23, 1964, Ser. No. 405,929 
7 Claims. (Cl. 138—149) 

ABSTRACT OF THE DISCLOSURE 
A thermal insulation of alternating plain re?ective plas 

tic sheets and dimpled plastic sheets, the dimples being 
spaced apart along two directions substantially at right 
angles to each other. Support means at each end of an 
insulation pack are provided to prevent contact of the 
insulation with inner or outer ‘walls of an insulated con 
tainer. 

This invention relates to a multiple layer insulation 
for a cryogenic pipe line, and particularly to the means 
to effectively prevent excessive heat transfer from the 
external atmosphere or room temperature to the cryo 
genic material which is ?owing within a spaced inner 
pipe or conduit. The cryogenic material referred to in 
this application may be liquid hydrogen, nitrogen, oxy 
gen, or the like, all of which have a very low temperature 
while in a liquid state. 
My invention provides an effective means of insulating 

an inner conduit carrying cryogenic material from an 
outer pipe or jacket which surround-s the conduit to pre 
vent heat from ‘being transferred from the outside, or 
the atmosphere, to the cryogenic material whereby that 
material may be caused to vaporize. This means includes 
alternate layers of ?at sunfaced re?ective sheets, such as 
polyester ?lm, separated by corrugated or dimpled sheets 
of the same re?ective polyester ?lm. 

Another object of my invention is to provide a novel 
insulation means of the character stated, whereby a plu 
rality of superposed sheets are supported at their ends 
by pads formed of glass ?bers or other insulating material. 

Another object of my invention is to provide an effec 
tive means to keep the ?at re?ector sheets separated, so 
that the re?ector layers do not transmit heat by means of 
direct contact with each other. 

Still another object of my invention is to provide a 
novel insulation means which is relatively inexpensive, 
and lwhich ‘requires a minimum of labor to install. Fur 
thermore, my insulation means provides su?icient strength 
and excellent resistance to external dynamic effects and 
damaging vibrations. The entire assembly of the re?ector 
sheets is totally separated from contact with either cold 
or warm surfaces. This is accomplished by the end sup 
ports which are formed of strong material of low heat 
conductivity. 

Other objects, advantages and features of invention 
may appear :from the accompanying drawings, the sub 
joined detailed description and the appended claims. 

In the drawing: 
FIGURE 1 is a perspective view of one pair of super 

posed insulation sheets. 
FIGURE 2 is a fragmentary view of an insulated pipe 

line embodying my invention and with parts broken away 
to show interior construction. 
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FIGURE 3 is a transverse sectional view taken on line 

3-3 of FIGURE 2. 
FIGURE 4 is a fragmentary sectional view taken on 

line 4-—4 of FIGURE 3. 
FIGURE 5 is a ‘fragmentary longitudinal sectional view 

taken on line 5—5 of FIGURE 3. 
FIGURE 6 is an enlarged transverse sectional View of 

the insulation within the area indicated by 6 in FIG 
URE 5. 
FIGURE 7 is a fragmentary vertical sectional view 

of a modi?ed form of insulation sheet support. 
Referring more particularly to the. drawing, the nu 

meral 1 indicates an inner conduit which will be termed 
the cryogenic conduit. This conduit carries the cryogenic 
material, such as liquid hydrogen, nitrogen, oxygen, or 
the like. An outer jacket 2 is spaced from the conduit 
1 and is concentric with that ‘conduit. The conduit 1 and 
the jacket 2 are both metallic pipes ‘and of su?icient 
strength and thickness to carry the particular load which 
is required. An annular space 3 is thus formed between 
the conduit 1 and the jacket 2 and this space is normally 
evacuated to assist in the heat insulation of the inner 
conduit 1. Evacuation of the space 3 occurs after the 
insulation units (to be subsequently described) are in 
place and after all, or a substantial part, of the entire 
conduit has been layed. 
At intervals throughout the length of the conduit 1, 

I provide supporting annular rings 4, which are prefer 
ably formed of glass ?bers or other similar somewhat 
porous material, but which has suf?cient compressive 
strength to support the conduit 1 'within the pipe or 
jacket 2. The ring 4 is sufficiently porous so that air can 
readily pass through it when the space 3 is being evacu 
ated. A sleeve 5 is concentric with the ring 4 and is posi 
tioned on the outside of the ring, extending between 
the outer surface of the ring and the inner surface of the 
jacket 2. This sleeve 5 is also formed of glass ?bers or 
other suitable porous material which has suf?cient com 
pressive strength. The sleeve 5 and the ring 4 are slightly 
spaced at their adjacent faces by ‘a spacer ring 6. The 
spacer ‘6 is shorter than the ring 4 and sleeve ‘5 to pro 
vide annular grooves to receive the ends of annular insu 
lation packs 7. The insulation packs 7 extend longitu 
dinally between adjacent supporting rings 4, as shown, 
and these insulation packs are assembled in the follow 
ing manner: A ?at faced polyester sheet 8 termed 
“Mylar” is coated by a re?ecting material such as silver. 
The ?at sheets 8 ‘are separated by corrugated or dimpled 
sheets 9, which sheets are also formed of a polyester 
coated material termed “Mylar.” The corrugated or 
dimpled sheets 9 have a permanent corrugation or dimple 
formed therein, and since the polyester sheet is so formed 
that the corrugation or dimpling of the sheet will not 
?atten or diminish, due to normal weight, vibration, or 
the like. The corrugated or dimpled separations, while 
contacting adjacent ?at insulator sheet 8, will still not 
cause a heat ?ow or transfer through the insulating pack, 
due to the fact that the points of contact are small and, 
furthermore, the corrugated or dimpled sheets are also 
re?ective structures, thus materially reducing the heat 
?ow due to contact. The dimples of the separating sheet 
9 are spaced along two directions ‘which are disposed 
substantially vat right angles to each other. A character 
istic of the polyester sheet termed “Mylar” is such that 
no drying or baking cycle is required to dry moisture 
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out of the insulation. The composition of the polyester 
?lm precludes the absorption of moisture or the entrap~ 
rnent of gases. Also the dimpling or corrugation of the 
polyester sheets 9 provides convenient escape routes or 
passages for atmospheric air which might be trapped 
between the ?at sheets 8 ‘and the dimpled sheets 9 dur 
ing the vacuum pump down. These qualities of the poly 
ester sheets and their construction as described materially 
simpli?es the maintenance of the required vacuum within 
the pipe line, and also materially simpli?es this pump 
operation. 

In FIGURE 7 I have illustrated a modi?ed form of 
end support for the insulating bundles of polyester sheets, 
consisting of an outer annular supporting ring 10 which 
is formed with an inner annular groove 11. A pair of 
inner annular sleeves 12-13 ‘are spaced longitudinally 
of the conduit 1 to provide an annular space 14. The 
ends of the adjacent insulation packs 7 extend into the 
space between the rings 10‘ and the spaced sleeves 12—13 
as shown. To hold these packs 7 in position, particu 
larly as to their adjacent abutting ends, I provide a short 
length of insulation 14 ‘which ?ts in the groove 11. The 
insulation 14- is constructed in the same manner as the 
insulation pack 7 previously described. A second insula~ 
tion pack 15 is positioned within the space 14, and this 
insulation pack is also similar in construction to the insu 
lation pack 7 previously described. In this manner I pro 
vide additional depth of insulation between the inner 
conduit 1 and the outer pipe or jacket 2. In this con 
struction also there is a continuous pack of insulation 
running longitudinally of the conduit and extending 
throughout the entire length of that conduit. 
My method of suspending a dimpled polyester (Mylar) 

cryogenic insulation in pipe lines or in Dewars results 
in a stress~free system with a safety factor based on ' 
weight of the insulation of more than ten to one. The 
insulation qualities of metallized polyester sheets (Mylar) 
would never deteriorate in use, due to temperature, 
cycling or any other conditions to be found in cryogenic 
applications. This means that a dimpled sheet of Mylar, 
as disclosed in this application, will be maintenance ‘free 
for the life of the equipment. There are also material 
advantages due to a savings in the cooled down process, 
due to a reduced mass in my insulation. 

In my method and structure as disclosed, no Mylar 
layers will touch either a cold or warm surface of the 
evacuated space, thereby permitting only a small tem 
perature difference across the insulation packs 7 or the 
layers thereof. This means according to the Stefan 
Boltzmann law that the undesirable heat leak is brought 
to a minimum and is under a controlled design environ 
ment. 
tMy improved multiple layer insulation is applicable 

to cryogenic installations other than a pipe line, for ex 
ample, this construction can be used on cryogenic Dewar 
vessels, spaced chambers, as might be employed in outer 
space, as 'well as vessels, containers, and the like, which 
either contain or house a cryogenic material, or with 
which to exclude an outer low temperature from the 
space within the vessel. My insulation construction can 
be employed in any vessel or pipe line with vacuum 
jacketinig. 

Having described my invention, I claim: 
1. A multiple layer insulation in combination with a 

cryogenic pipe line comprising, 
an inner pipe conveying a cryogenic material, 
an outer jacket surrounding the inner pipe and radially 

spaced therefrom, 
an insulation pack in said space comprising superim 
posed sheets of re?ective plastic material formed as 
cylinders surrounding the inner pipe, 

said insulation pack comprising alternate plain sur 
faced sheets of re?ective plastic material separated 
by a dimpled sheet of re?ective plastic material 
which dimples make small points of contact with 
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said plain surfaced sheets and wherein said dimples 
‘are spaced apart ‘along two directions disposed sub 
stantially at right angles to each other, 

and annular insulative and porous supporting rings 
surrounding the inner pipe and longitudinally spaced 
thereon, 

said annular supporting ring having means thereon to 
receive one end of an insulation pack to support said 
insulation pack in spaced relation to both said inner 
pipe and said outer jacket. 

2. A multiple layer insulation in combination with a 
cryogenic pipe line comprising, 

an inner pipe conveying a cryogenic material, 
‘an outer jacket surrounding the inner pipe and radially 

spaced therefrom, 
an insulation pack in said space comprising superim 

posed sheets of re?ective plastic material formed as 
cylinders surrounding the inner pipe, 

said insulation pack comprising alternate plain sur 
faced sheets of re?ective plastic material separated 
by a dimpled sheet of re?ective plastic material 
which dimples make small points of contact with 
said plain surfaced sheets and wherein said dimples 
are spaced apart ‘along two directions disposed sub 
stantially at right angles to each other, 

and annular insulative and porous supporting rings 
surrounding the inner pipe and longitudinally spaced 
thereon, 

said annular supporting ring having means thereon to 
receive one end of an insulation pack to support said 
insulation pack in spaced relation to both said inner 
pipe and said outer jacket, 

said means comprising an ‘annular groove in the end 
of the supporting ring into which the end of the insu 
lation pack ?ts. 

3. An assembly comprising: 
(a) a container having spaced inner and outer walls; 
and 

(b) thermal insulation packs extending between said 
walls and being spaced therefrom; 

(c) each of said packs including opposed and spaced 
essentially planar, radiation-re?ecting sheets; and 

(d) a separator sheet intermediate each pair of said 
re?ecting sheets, 

(c) said separator sheet being formed to provide 
dimples facing each pair of said re?ecting sheets 
‘which dimples make small points of contact with 
said ‘reflecting sheets, 

(f) said dimples being spaced apart along two direc 
tions of said separator sheet disposed substantially 
at right angles to each other; and 

(g) thermal insulative support means inter?tting edge 
portions of said packs for holding said packs in 
spaced relation to said walls. 

4. The assembly de?ned in claim 3 in which said sup 
port means comprises porous material, the space between 
said walls being at a pressure substantially ‘below atmos 
pheric pressure. 

5. The assembly de?ned in claim 3 in which each of 
said sheets consists of plastic ?lm having a radiation 
re?ecting metallic coating on the outer ?lm surfaces. 

6. A thermal ‘insulation packing comprising: 
(a) opposed and spaced essentially planar, radiation 
re?ecting sheets; and 

(b) a separator sheet disposed intermediate each pair 
of said re?ecting sheets, 

(c) said separator sheet being formed to provide dim 
plies facing each pair of said re?ecting sheets which 
dimples make small points of contact ‘with said 
re?ecting sheets, and said dimples being spaced apart 
along two directions of said separator sheet disposed 
substantially at right angles to each other, and 

(d) porous, thermal insulative support means interlit 
ting edge portions of: the packing for holding the 
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packing between and in spaced relation to inner and 
outer walls of a container. 

7. The packing de?ned in claim 6 in which each of 
said sheets consists of plastic ?lm with a metallic, 
‘radiation-re?ecting coating on the outer surfaces of said 
?lm. 
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