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1 
THERMAL INSULATION STRUCTURE 

This is a division, of application Ser. No. 167,258 
filed July 29, 1971. 

BACKGROUND OF THE INVENTION 

This invention relates generally to a thermal insula 
tion structure of a double-walled type, and more partic 
ularly to such a structure where the cavity between the 
walls is hermetically sealed. 

In considering the environment to which an oil well 
casing would be exposed in the Prudhoe Bay area of 
Alaska, certain new requirements were developed. In 
this vicinity there exists a layer of permafrost; i..e., a 
layer of subsurface soil which may extend down 2,000 
feet and is permanently frozen. If a well is drilled utiliz 
ing the same approach followed in temperate climates 
the oil (which is approximately 180°F) passing through 
the well casing will cause the permafrost about the well 
casing to melt. The melting of the permafrost causes it 
to subside, exerting downward drag on the well casing 
which may cause failure. Moreover, if the ?ow of oil is 
terminated, the soil surrounding the casing will eventu 
ally refreeze which may produce forces sufficient to 
cause the ‘casing to collapse. 

SUMMARY OF THE INVENTION ' 

In a preferred form of the invention, a double-walled 
thermal insulating structure is provided with the cavity 
between the walls hermetically sealed. The outer sur 
face of the inner wall is covered with a re?ective ?lm. 
The cavity further contains a polyurethane foam which 
has been blown in an atmosphere of a ?uorinated hy 
drocarbon such as trichloromono?uoromethane, 
CCI3F, FREON-ll. The cavity also contains a gaseous 
?uorinated hydrocarbon such as di?uorodichlorome 
thane, CClgFg, FREON-12. 

BRIEFDESCRIPTION OF THE DRAWINGS _ 
‘FIG. I is a schematic cross-section of one embodi 
ment of the thermal insulating structure of this ‘inven 
tion; and ‘ ' 

FIG. 2 is a detail of a portion of FIG. 1 showing an 
other embodiment of the invention. ‘ 

‘DESCRIPTIONOF THE PREFERRED‘ I 

EMBODIMENT ‘ 

Referring to FIG. 1, a double-walled, he'at insulating 
structure is illustrated having inner wall 10 and outer 
wall 12 connected by end walls 14. Inner and outer 
walls 10 and 12 are fabricated of a material having suf 
ficient structural strength for conveying liquids. End 
walls 14 are designed to have a low heat conductivity 
by utilization of a suitable material such as stainless 
steel, and hermetically seal the cavity between walls 10 
and 12. Although not ‘shown in FIG. 1, end walls 14’ 
may also be designed to have a long heat transfer path 
by any of the well-known techniques of the prior art 
such as that shown in U.S. Pat. No. 3,275,345. 

Plug 16 is provided in outer wall 12 for a purpose to 
be described later. 

In accordance with the invention, a composite heat 
insulating material is contained between the double 
walls of the conduit. Immediately adjacentto inner wall 
10 is a layer of re?ective material 18. Material 18 may 
be an aluminized plastic film such as Mylar. For some 
purposes it may be found that sufficient heat insulation 
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characteristics are achieved without re?ective material 
18. Filling the remaining space Illl the cavity is a poly 
urethane foam 20. Foam 20 may be of an opened_cell 
or closed-cell type and is blown in; a ?uorinated hydro 
carbon atmosphere; e.g., ' trichloro?uoromethane, 
CCI3F, FREON-l 1. 

In some cases it may be desired to alternate layers of 
re?ective material 18 with layers of foam 20, as shown 
in FIG. 2. 
Film 18 and foam 20 are placed in the cavity between 

the double walls prior to the time end walls 14 are se 
cured to inner and outer walls 10 and 12. 
The space between the double walls is then evacu 

ated to a pressure below 0.01 millimeters of mercury by 
removing plug 16. This ensures the removal of air and 
‘water vapor which would cause deterioration of the in 
sulating qualities of foam 20 (also called aging of the 
foam). It is then refilled with a ?luorinated hydrocar 
bon; e.g., di?uorodichloromethane, CCl2F2, FREON 
12. The FREON-IZ has the advantage of a low thermal 
conductivity (about one~third that of air) while not 
causing aging of the foam. The pressure of the FREON 
12 is a critical factor in forming the composite of the 
insulation of this invention. If the pressure is raised high 
enough to reach the dew point of the gas the resulting 
condensate will tend to circulate within the double 
walled cavity, condensing on the cooler wall and evap 
orating on the warmer wall. Thus: the temperature to 
which the inner and outer walls of the ‘casing will be ex 
posed must be considered. A pressure is consequently 
chosen which will preclude condensation within the op 
erating temperature range of the structure while still 
being maximized. The FREON-l2 impedes any leakage 
of air into the cavity, and prevents the aging of foam 
20. Polyurethane foam of the type described herein 
which has not aged has a thermal conductivity, K = 
0.] l7 Btu/hr ft2°F/in. at 75°F mean temperature, while 
aged foam ‘has a thermal conductivity, K - 0.20 Btu/hr’ 
'ftZOF/in. at the ‘same mean temperature. Thus prevent 
Vin'g aging of the foam preserves the insulation capabili 
ties of the structure. 

Preventing aging of the foam is also necessary prior 
to fabrication of the heat insulating structure. Thus un 
less the foam will be used within l or 2 days it should 
be kept in a hermetically sealed container which has 
been evacuated and backfilled with a ?uorinated hy 
drocarbon as described above. 
As is well known, heat may be transfered by conduc-t 

tion, convection, or radiation. As indicated above con 
duction is retarded through the use of low thermal con 
ductivity foam and gas. The presence of the foam also 
prevents heat transfer by convection which would oth 
erwise occur by circulation of the gas between the hot 
and cold walls of the structure. Finally the re?ective 
film reduces heat transfer by radiation. 

In the application of this heat insulating structure to 
a well casing, conduit, etc., the particular dimensions 
employed will vary. In order to provide some basis for 
comparison, however, for a 40 foot long well casing, 
with the inner steel pipe having an outside diameter of 
5% inches, and the outer steel pipe having an inside di 
ameter of 8 11/16 inches, a heat loss of about l,l90 
Btu/hr. was calculated. This assumed the inside pipe 
contained oil at 180°F, and the outside was exposed to 
air and kept at 20°F. , 
While a particular embodiment of a heat insulating 

structure, and the process for making it, has been 
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shown and described, it will be obvious that changes 
and modifications can be made without departing from 
the spirit of the invention and the scope of the ap 
pended claims. 

I claim: 
1. A method of producing a double-walled heat insu 

lating structure comprising: 
placing the outer wall concentrically about the inner 

wall; 
filling the cavity between the inner and outer walls 
with a polyurethane foam blown with a ?uorinated 
hydrocarbon; 

hermetically sealing the ends of the inner and outer 
walls; 

evacuating the cavity to a pressure below 0.0l mm of 
mercury; and 

refilling the cavity with a gaseous ?uorinated hydro 
carbon to a pressure which is maximized without 
exceeding that at which it will condense in its oper 
ating temperature range. 

2. A method of producing a double-walled heat insu 
lating structure in accordance with claim 1 wherein: 

the ?uorinated hydrocarbon in said cavity is di 
?uorodichloromethane. 

3. A method of producing a double'walled heat insu- _ 
lating structure in accordance with claim 2 wherein: 
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4 
the ?uorinated hydrocarbon with which said polyure 
thane foam is blown is trichloromo 
nofluoromethane. 

4. A method of producing a double-walled heat insu 
lating structure in accordance with claim 3 wherein: 

said polyurethane foam blown with trichloromo 
no?uoromethane has been preserved against aging 
prior to use by keeping it in a hermetically sealed 
container which has been evacuated and refilled 
with a gaseous ?uorinated hydrocarbon. 

5. A method of producing a double-walled heat insu 
lating structure comprising: 
applying a heat re?ecting film to the outer facing sur 
face of the inner wall; 

placing the outer wall about the inner wall; filling the 
cavity between the inner and outer walls with a 
polyurethane foam blown with trichloromo 
nofluoromethane; 

hermetically sealing the ends of the inner and outer 
walls together; evacuating the cavity; and 

refilling the cavity with gaseous di?uorodichlorome 
thane to a pressure which is maximized without ex 
ceeding that at which it will condense in its operat 
ingrange. 

* * * * * 


