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My invention rel-ates to a cryogenic transfer line ar 
rangement, and more particularly, to conduiting especial 
ly adapted to serve as a transfer line for super cold or 
cryogenic liquids such as liquid hydrogen, helium, or 
nitrogen. , 7 

Conventional cryogenic high quality transfer lines (for 
liquid hydrogen, nitrogen, etc.) are essentially hand-fabri 
cated items requiring considerable painstaking skill to 
make, and close control of assembly procedures is also 
required because of the high cleanliness requirements. 
While line sizes vary from less than one inch to over 
eighteen inches in diameter, the method of construction 
has not changed materially in twenty-?ve years, and con 
sists primarily of the same constructional principles in 
volved in constructing a vacuum insulated vessel. Close 
control of ‘assembly procedures is required as even ?nger 
prints will materially affect the performance of the line. 

Lines‘ of this type consist of rigid piping of a suitable 
material that is thoroughly cleaned and frequently special 
ly treated with acid to improve surface qualities and elimi 
nate out-gasing. After suitable spacers are slipped over the 
piping, an outer vacuum jacket, after having been thor 
oughly cleaned and treated in a similar manner, is slipped 
over the spacers and the pipe. Thereafter the ends of the 
resulting conduiting are closed and the vacuum space be 
tween the pipe and the jacket is pumped down to a hard 
vacuum (10"5 mm. of Hg or less). 
As these lines cannot be readily fabricated in the ?eld 

because of the high cleanliness requirement, they must be 
made up in shops in appropriate lengths and shipped to 
the point of use. Since these lines comprise rigid tubing, 
they have to be limited in length to the longest practical 
shipping length, which is 40 feet (for railroad car ship 
ments). The individual 40 foot sections are assembled in 
the ?eld using known techniques, which ordinarily in 
volves suspending the pipe lengths between pedestal type 
mountings and welding the joints between the lengths 
one at a time, which again involves a considerable amount 
of hand Work even in the assembly process. 

Furthermore, considerable relative movement occurs 
‘between the inner and outer conduit members of these 
lines axially of the line, and some sort of bellows type 
expansion arrangement must be incorporated in either the 
inner or outer conduit, preferably the inner conduit. 

Consequently, such lines are quite expensive, a one-inch 
line running on the order of thirty-?ve dollars a foot plus 
the cost of connectors at each end. 

Cryogenic lines for low quality application (for liquid 
oxygen, nitrogen, methane, and the like) conventionally 
comprise ordinary piping put up by pipe?tters and then 
lagged with bulk insulation that must be sealed to prevent 
moisture condensation and freezing, as by using vapor 
barrier type tape or some sort of asphaltic compound. 
Consequently, a lot of hard ‘work goes into fabrication of 
even lines of this type, making even low quality installa 
tions excessively costly. - 
A principal object of my invention is to provide a low-. 

cost semi-?exible, cryogenic transfer line structural ar 
rangement that may be inexpensively and readily manu 
factured and packaged for shipping in thousand foot 
or multiples thereof lengths by coiling same on large 
diameter reels. ' 
Another principal object of the invention is to provide 

a cryogenic transfer line arrangement that permits a 
striking increase in the amount of transfer line footage 
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that may be shipped as a package, and yet permit the 
package to be shipped either by rail or by truck Without 
requiring occupation of the entire vehicle. 

Still another object of the invention is to provide a 
cryogenic transfer line arrangement which provides 
cryogenic conduiting that may be supplied to the user 
in long lengths that may be cut to ?t any particular 
installation and installed without any particular pains 
being taken to support or brace it. 

Other objects of the invention are to provide a cryogenic 
transfer line that is readily adapted for both high and 
low quality transfer line applications, to provide methods 
of assembly of cryogenic transfer lines that eliminate 
most of the hand fabrication now required, both in manu 
facture of the line and in its assembly at the job site, 
and to provide cryogenic transfer line arrangements that 
are convenient to install, that require only minimum 
maintenance, and that are suitable for use in a ‘wide 
variety of cryogenic operations. 

Other objects, uses and advantages will be obvious 
or become apparent from a consideration of the follow 
ing detailed description and the application drawings. 

In the drawings: 
FIGURE 1 is a diagrammatic cross-sectional view 

along the axis of a cryogenic transfer line embodying the 
preferred form of the invention; ’ 
FIGURE 2 is a view similar to that of FIGURE 1 

illustrating a modi?ed form of the invention; and 
FIGURE 3 is a diagrammatic fragmental view illustrat 

ing a feature of the spacer member that may be used in 
the embodiments of FIGURES 1 and 2. 

However, it is to be understood that the drawing illus 
trations provided are supplied primarily for the purpose 
of complying with 35 U.S.C. 112, and that the invention 
may have other speci?c embodiments. 

Reference numeral 10 of FIGURE 1 indicates a pre 
ferred embodiment of the invention which comprises a 
semi~?exible cryogenic transfer line including a semi 
?exible inner tubing or conduit 12 formed from a mate 
rial having a high surface re?ectivity, such as copper, a 
spirally wound, ?exible spacer member 14 in the form 
of a strip of heat insulating material such as polyethylene, 
a semi-?exible outer conduit or tubing 16 of a material 
similar to that of tubing 12 and received over the spacer 
member 14 and inner conduit 12 in substantial concen 
tric relation through the latter, and an outer covering or 
coating 18 of a suitable ?exible wear resisting substance 
such as neoprene or some suitable synthetic plastic mate 
rial such as polyethylene. 
The transfer line 10 is preferably made by taking a 

?at sheet of tubing, formed from the material to be em 
ployed, such as copper, aluminum, or stainless steel 
(depending on the application), which sheet should be 
quadrilaterally contoured in con?guration and having a 
length according to the length of tubing to be produced, 
and pulling the sheet through a suitable form which bends 
it into a cylindrical con?guration that disposes the two 
longitudinally extending edges thereof in substantial abut 
ting relation. 

After the tube issues from the forming die, it is butt 
welded along the seam de?ned by the two abutting edges. 
The resulting tube is then passed through a conven 

tional shaping or convolution chasing machine which 
chases spirally shaped convolutions or indentations 20 
into the tube and gives it the spiralling indentation appear 
ance indicated in FIGURE 1. The convolutions 20 pref 
erably have a lead that is on the order of one-half inch 
(that is, each convolution makes a 360 degree turn in 
one-half inch of length of the tube or conduit 12). The 
lead should not greatly exceed this as the ?exibility of 
the line would be affected. 
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A convolution chasing machine that effects this shaping 
comprises hardened polished steel wheels set for rota 
tion about axes that form skew angles with respect to the 
axis of the tube at the desired lead. These wheels have 
transverse cross-sectional con?gurations (in the plane of 
their respective axes) that lie on an arc of a circle and 
the wheels are pressed against the tube as the tube moves 
lengthwise of itself through the shaping machine to pro 
vide the spiralling indentations indicated. 

Next, the spacer member 14 is wound in a spiralled 
con?guration about the outer surface 22 of the inner 
conduit or tube 12, and preferably at a lead that is at 
least six inches, and which may lie in the range from 
six to about ten inches. 
As indicated in FIGURE 1, the spacer member 14 is 

disposed so that its inwardly disposed side edge 24 abuts 
the outer surface 22 of the inner conduit, and the outer 
side edge 26 thereof faces outwardly of the inner conduit, 
whereby the wide surfaces 25 and 27 of spacer member 
.14 face generally longitudinally of the conduit. 

The outer edge 26 of the member 14 is preferably 
notched as at 28 (see FIGURE 3) so that when the 
member 14 is spirally wound in the manner indicated, 
it de?nes outwardly extending projections 30 that extend 
radially outwardly of the inner tube or conduit 12. These 
projections are shown in FIGURE 3, and reduce the area 
of contact between spacer member 14 and outer conduit 
16. In the speci?c showings of FIGURES 1 and 2, the 
notches 28 are omitted. 
The subassembly consisting of the inner tube or con 

duit 12 and the spirally wound spacer member 14 is then 
placed in operative relation to a second forming die in 
cooperative relation with a second quadrilaterally shaped 
?at sheet that is to form the outer conduit or tube 16. 
The second sheet is shaped from its flat con?guration to 
a cylindrical con?guration with its longitudinally extend 
ing edges in abutting relation, in a manner similar to that 
described in connection with the conduit 12, and pref 
erably this is done by simultaneously drawing the second 
sheet and the subassembly through the die. As the outer 
tube 16 and the subassembly it surrounds emerge from 
the form that is involved, the longitudinally extending 
edges of the sheet that forms tube 16 are butt welded 
together, after which the transfer line unit passes through 
a shaping or chasing machine that chases on the outer tube 
16 spiralled indentations or convolutions 32 that are iden 
tical to convolutions 20 of conduit 12. Preferably, the 
chasing is done in connection with the tube 16 in such a 
manner that the convolutions are forced into intimate 
contact with the spacer member 14 thereby securely bind 
ing the tubular member 12, the spacer member 14 and the 
outer tubular member 16 together. ' 
The spiralled indentations 20 and 32, which have sub 

stantially the same lead, plus the relative thinness of the 
tubular wall structures de?ning conduiting 12 and 14, 
make the transfer line 10 sufficiently ?exible for coiling 
on reels (and for shaping as desired when applied to 
cryogenic apparatus); however, the indentations provide 
reinforcement against buckling and atmospheric and other 
pressures that the line 10 will be subjected to in service. 

Finally, the outer protective coating 18 is applied to 
the outer surface 49 of the outer tubular member 16, 
and the coating 18, which is merely diagrammatically 
illustrated, may comprise an extruded layer of neoprene 
or some ‘similar natural or synthetic rubber or plastic 
material, in which case the conduit unit consisting of the 
joined members 12, 14 and 16 is drawn through an extrud 
ing mechanism that applies the coating 18. 

Alternately, the coating 18 may consist of strips of 
plastic material wrapped in a spiral manner about the 
outer surface 36 of the conduit 16. 
Where the coating 18 comprises a rubber or rubber-like 

material, it should be vulcanized as a ?nal step and this 
may be done by drawing the tubing through a continuous 
vulcanizing machine. 
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The embodiment of FIGURE 1 thus permits the setting 

up of a substantially continuous process for making cryo 
genie transfer lines in which the lines issue substantially 
continuously from the apparatus involved for coiling on 
reels for storage and shipping. 
FIGURE 2 illustrates an alternate embodiment 48 of 

the invention involving an inner seamless tube or conduit 
50, a spacer member 14A that is identical to the spacer 
member 14, an outer seamless tube or conduit 52 which 
has applied thereto the coating 18 that has been previously 
described. 
The conduit 48 of FIGURE 2 is made by soft drawing 

tube 50 from a material such as copper, aluminum or 
stainless steel (depending upon the application), in the 
length desired but preferably continuously and then spi 
rally winding spacer member 14A about the outer surface 
54 of tubular member 50 (with the lead aforedescr-ibed), 
after which the subassembly consisting of the tube or 
tubular member 50 and the spacer member 14A is drawn 
into or has continuously formed thereabout tube 52, 
formed from a material similar to that speci?ed for the 
tube 50. Both tubes are simultaneously pulled through 
a swedging machine that swedges the outer member into 
binding engagement with the spacer member 14A, after 
which the coating 18 is applied in the manner similar 
to that ‘already described. 

Thus, the embodiment of FIGURE 2 may be continu 
ously made to supply line 48 in endless lengths that may 
be cut to desired lengths. Alternately, the tubing 50 and 
52 may be made up in lengths of 1,000 feet or a multiple 
thereof, and after the spacer member 14 is applied to 
the inner tube, the resulting subassembly is then pulled 
into the outer tube which is then swedged in the manner 
already indicated. 
The thickness of the wall structure making up con 

duits 50 and 52 should be thin enough to render line 48 
semi-?exible in the sense that it can be coiled on a reel. 

In connection with the embodiment of FIGURE 1, the 
depth of the convolutions 20 and 32 should lie in the 
range from about 1/16 to about 1A; of an inch radially of 
the conduit 10. This avoids having the convolutions de 
?ne black body type radiation traps. 

In both embodiments of the invention, the inner and 
outer surfaces of the inner and outer conduits should 
be kept substantially grease-free and uncoated for high 
re?ectivity characteristics. 7 

It is intended that both embodiments of the invention 
be manufactured either continuously or in thousand foot 
lengths or multiples thereof, and it will be found that 
they are both su?iciently ?exible to permit them to be 
wound on nine foot diameter reels. 

In the embodiment of FIGURE 1, the convolutions 
have been found to make the transfer line 10 not only 
semi-?exible transversely thereof, but also semi-?exible 
axially thereof in that the conduits may ?ex longitudinally 
thereof, that is, expand or contract, thereby avoiding the 
need for line differential contraction joints. 

In the embodiment of FIGURE 2, an expansion joint 
of any conventional type should be applied to either the 
inner or the outer tube at every 40 feet of length to 
insure the desired longitudinal ?exibility. 

In use, the conduits 10 or 48 may be packaged on nine 
foot reels in thousand foot lengths or multiples thereof, 
and shipped in this condition to the point of use. The reel 
packaging of the conduiting means that a substantial foot 
age of transfer line can be con?nexl to a single package 
and transported on a railroad car without using the en 
tire railroad car. Heretofore, rigid type'cryogenic transfer 
lines have required an entire railroad car whether a single 
conduit or a hundred conduit lengths were to be carried. 
Furthermore, the reel type packaging permits truck tran 
sit of the transfer line conduiting for the ?rst time. 
When the conduiting is taken to the place of installa 

tion, it may be utilized by merely unwinding it, cutting 
it to ?t between apparatus to be connected cryogenically, 
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connecting conventional cryogenic connectors to the con 
ducting ends, connecting the conventional connectors to 
the apparatus that is involved at either end of the transfer 
line, and then evacuating the vacuum space between the 
inner and outer conduits to a vacuum on the order of 
110-5 mm. of Hg absolute. No special care need be taken 
to provide supports for the conduiting and it may be 
draped Where convenient over the distance between the 
intake and discharge end of the transmission line. 

Furthermore, the transmission lines 10 and 48 may 
be buried underground where installations of this type 
are conduited, all without requiring any special reinforce 
ment or-protection. 

In a successful embodiment of line 10, the tube 12 has 
an CD. of 1.150 inches, an ID. of .950 inch and a .025 
inch wall thickness, the spacer member 14 has a trans 
verse section of .725 by .250 and notches 28 are .125 inch 
lengthwise of the spacer and. 7/16 inch deep and spaced 
5/16 inch apart; conduit 16 has an CD. of 2.850 inches, 
an ID. of 2.500 inches and an .025 Wall thickness, and 
coating 18 has an CD. of 3.000 inches, an ID. of 2.850 
inches and a thickness of .075 inch. 

In a successful embodiment of line 48, conduit 50 has 
an CD. of 1.155 inches, an ID. of 1.01 inches, and a wall 
thickness of .072 inch, spacer member 14A is the equiva 
lent of member 14, conduit 52 has an OD. of 3.125 inches, 
an ID. of 2.855 inches, and a .135 inch wall thickness, and 
coating 18 has an CD. of 3.250 inches, an ID. of 3.125 
inches, and a .063 inch wall thickness. 

It ‘will therefore be seen that I have provided for the 
?rst time a practical arrangement in a semi-?exible cryo 
genic transfer line which permits the transfer line to be 
constructed in continuous lengths of from one thousand 
to four thousand feet or any desired length, as compared 
to the forty feet maximum length now conventionally 
encountered. 

Furthermore, the cost per foot of conduiting of this 
type is from ?fteen to twenty percent of the cost of con 
ventional. cryogenic transfer lines. One reason for the 
great reduction in cost is the mass production techniques 
described above that may be employed in the manufac 
ture of the transfer lines. 
The embodiment of FIGURE 1 is particularly advan 

tageous as it. requires no expansion joints from end-to 
end as the convolutions 20 and 32 provide the longitud 
inal and sidewise semi-?exibility desired while at the same 
time insuring adequate stiffness and strength for the pur 
pose desired. 1 
The protective outer coatings 18 permit the transfer 

lines to be used in areas of corrosive atmosphere, such 
as near the ocean, or underground, with equal facility. 
The foregoing description and the drawings are given 

merely to explain and illustrate my invention and the 
invention is not to be limited thereto, except insofar as 
the appended claims are so limited, since those skilled in 
the art who have my disclosure before them will be able 
to make modi?cations and variations therein without de 
parting from the scope of the invention. 
The Government of the United States of America shall 

have a non-exclusive, irrevocable, royalty-free license to 
practice this invention with power to grant licenses for all 
governmental purposes. 

I claim. 
1. A semi~?exible cryogenic transfer line adapted to be 

made in long continuous lengths and supplied in coiled 
form, said line comprising: 

laterally and longitudinally ?exible cryogenic transfer 
line means for conducting cryogenic ?uids and char 
acterized by being coilable in long lengths and cut 
to ?t speci?c applications, 

said transfer line means comprising: 
a semi-?exible inner tube formed from a material 

having high surface re?ectivity, 
a heat insulating spacer member received over said 

inner tube in spirally wound relation therealong 
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6 
and having a lead in the range of from about six 
to about ten inches, 

said spacer member being of quadrilateral trans 
V verse con?guration, 

a semi-?exible outer tube formed from a material 
having high surface re?ectivity and received in 
concentric relation over said inner tube and said 
spacer, 

said inner and outer tubes being in binding engage 
ment with said spacer member along the length 
thereof whereby thermal contraction of said 
inner tube under the presence of cryogenic sub 
stances contained therein is transmitted to said 
outer tube, 

and a protective ?exible coating covering the outer 
surface of said outer tube, 

with the inner and outer surfaces of said inner 
tube and the inner surface of said outer tube 
being substantially grease free and uncoated for 
maximum re?ectivity characteristics, 

and said surfaces and the outer surface of said 
outer tube being free of black body type radia 
tion traps. 

2. The cryogenic transfer line set forth in claim 1 
wherein: 

said tubes are formed from seamless tubing, said outer 
tube being in swedged relation against said spacer 
member and said inner tube to provide said binding 
relation. 

3. The cryogenic transfer line set forth in claim 1 
wherein: 

said spacer member has its radially outward edge 
formed with spaced outwardly opening notches. 

4. A semi-?exible cryogenic transfer line adapted to be 
made in long continuous lengths and supplied in coiled 
form, said line comprising: 

laterally and longitudinally ?exible cryogenic transfer 
line means for conducting cryogenic ?uids and char 
acterized by being coilable in long lengths and cut 
to ?t speci?c applications, 

said transfer line means comprising: 
a. semi-?exible inner tube de?ned by sheeting mate 

rial formed from a material having high surface 
re?ectivity and formed to de?ne a tubular wall 
structure, 

said wall structure having spirally shaped convolu 
tions formed therein and extending longitu 
dinally thereof and having a lead on the order 
of about one-half inch, 

heat insulating spacer means received over said 
inner tube and extending longitudinally thereof, 

said spacer means comprises an elongated spacer 
member formed from heat insulating material 
and spirally wound about said inner tube 51nd 
having a lead that is in the range of from about 
six inches to about ten inches, 

said spacer member being of quadrilateral trans 
verse cross-sectional con?guration, 

a semi-?exible outer tube de?ned by sheeting mate 
rial formed from a material having high surface 
re?ectivity and formed to de?ne a tubular wall 
structure received over said inner tube and said 
spacer means, 

said outer tube wall structure having spirally 
shaped convolutions formed therein and extend 
ing longitudinally thereof and having a lead on 
the order of about one-half inch, 

said inner and outer tube wall structures being in 
binding engagement with said spacer member 
along the length thereof whereby thermal con 
traction of said inner tube under the tempera 
tures of cryogenic substances contained therein 
is transmitted to said outer tube, 
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said convolutions of said tubes having a depth 
which does not exceed about 1/a of an inch, 

and a ?exible wear resistant coating covering the 
outer surface of said outer tube, 

with the inner and outer surfaces of said inner 
tube and the inner surface of said outer tube 
being substantially grease free and uncoated for 
maximum re?ectivity characteristics. 

5. The cryogenic transfer line set forth in claim 4 
wherein: - 

said spacer member has the outer edge thereof formed 
with spaced outwardly opening notches. 

6. The cryogenic transfer line set forth in claim 4 
wherein: 
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