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CRYOGENIC FLUID CONDUIT COUPLING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field oflnvention 

The invention relates to a cryogenic fluid conduit coupling device for 

5 connecting two cryogenic fluid conduits to allow fluid communication therebetween. 

2. Description of Related Art 

A cryogenic fluid is a fluid capable of producing very low temperatures. 

Cryogenic fluids, such as, for example, carbon dioxide and nitrogen, have very low 

sublimation and/or boiling points. They are capable of absorbing very large amounts of 

10 heat to produce very low temperatures in adjacent materials when they change :from one . 

state to another, for example, from a liquid or solid state to a gaseous state. In addition, 

when a compressed gaseous cryogenic fluid is allowed to expand, its temperature 

decreases and the cryogenic fluid is capable of cooling adjacent materials by absorbing 

heat from the materials as the compressed fluid expands. 

15 Cryogenic fluids can be useful, for example, in heat exchange apparatus, 

where they can be used to provide an intense temperature differential. However, a 

coupling device is often necessary in order to couple the conduit of the cryogenic fluid 

source to the heat exchange apparatus. 

Many coupling devices are known for coupling two fluid conduits. For 

20 example, U.S. Patent No. 1,117,762 to Barcus discloses a device for connecting a 

section of a hose or conduit to another section or to a hydrant. The device includes 

cylindrical outer coupling part 1, which receives a tapered end portion 2" of cylindrical 

inner coupling part 2. The flow path of the coupling part 1 includes an expansion 

chamber within which a spring 20 is disposed. 

25 U.S. Patent No. 4,566,489 to Knapp et al. discloses a hydraulic coupling 

apparatus for connecting fluid lines of a fluid handling system. The coupling apparatus 

includes a male coupler 12 and .a female coupler 14. Sleeve portion 16 of the female 

coupler 14 receives tip portion 17 otthe male coupler 12 to assemble the couplers 

together. An expansion chamber is fo~ed within slee\re 16 as a result of engagement 

30 of a pair of flanges 31and32 provided on the outer.surface of the tip portion 11 of the 

male coupler an~ stop surfaces 41, 42. 
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U.S. Patent No. 4,566,723 to Schulze et al. discloses a coupler for hose lines 

of high-pressure cle~ng equipment and high-pressure Spraying equipment. The 

coupler includes a hose nipple 2 comected to a hose and ~urrounded by a sleeve 7. A 

connector piece 22 also connected to a hose is received within sleeve 7 to mate with 

5 · nozzle 2. Once introduced into the sleeve 7, a helical compression spring 9 pushes the 

COilllector piece away from the hose nipple 2 creating ~ eXpansion chalnber within the 

hose nipple 2. 

Each of tile above cbupling device8 is inadequate for use with cryogenic 

fluids. Fluctuation in the cross-sectional area of the.fluid flow path causes compression 

10 and/or expansion of the fluid flowing therethrough. Such compression and/or expansion 

of the fluid results~ c~ld and hot spots in the fluid flow path, which will structurally 

weaken the couplin~ device overtime and may cause· solidification of the fluid causing 

blockage of the flui4 flow path. 

. .. SUMMARY OF THE INVENTION 

15 In view of the foregoing, a coupling device is provided which is capable 

of connecting two ciyogenic fluid conduits in fluid communication. The coupling 

device includes a fl~d flow p·ath extending therethrough having a substantially 

constant cross-sectional area. The coupling device is preferably form~ of a material 

having low thermal conductivity and high resistivity to tow temperature. Further, the 

20 coupling device is d~signed to be easy to connect and diSconnect, and to provide a 

secure connection at low temperatures, in particular . 

. BRIEF DBSCRiPTION ·oF THE DRAWINGS 

These and other aspects and advantages of the invention will become 

apparent from the following detailed description of preferred embodiments when taken 
.. 

25 in conjunction with the accompanying drawings, in which: 

30 

Fig. l is a side cross-sectional view of a preferred embodiment of a device 

according to the invention; 

Fig. 2 is·a front view of a male connector portion of the device of Fig. 1; 

Fig. 3 is a top view of a male connector portion of the device of Fig. 1; 

Fig. 4 is a side eross-sectional view of ~e device of Fig. 1 shown with male 

· and female connector portions engaged; and · 

Fig. 5 is a front view of a female connector portion of the device of Pig. 1. 

: r 
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DETAILBI1DESCRIPTION OF PREFERRED.EMBODIMENTS 

The invention relates to a method and device for easily connecting and 

disconnecting two cryogenic fluid conduits, and for providing a secure connection, in 

particular, at low temperatures. The method preferably includes contacting together 

5 contact faces of first and second coupling portions. Each of the first and second 

coupling portions has a fluid flow path with an opening at the. respective contact face. 

The fluid flow paths of the first and second coupling portions are preferably 

substantia11y equal in cross-sectional area. The contact faces of the first and second 

coupling portions are contacted in such a way that the openings are aligned, whereby 

10 fluid communication is provided between the first and second coupling portions 

without creating a temperature change in a cryogenic fluid flowing therethrough. The 

coupling portions are then secured together. 

The contact faces of the first and second coupling portions may be sclf­

guid.ing with respect to each other to align the openings thereof when brought into 

15 contact. Also, the contact faces of the first and second coupling portions may be 

complementary in shape. Further, the first coupling portion may be a male connector 

portion and the second coupling portion may be a female connector portion 

configured to mate with the male connector portion. The first coupling portion may 

include a main body and a mating part with the fluid flow path extending 

20 therethrough, and the second coupling portion may include a main body with the fluid 

flow path extending therethrough. The second coupling portion may include a first 

portion complementary in shape to an outer surface of the mating part, which may be 

fiustoconical, of the first coupling portion. 

The contact face of the first coupling portion may be biased into contact 

25 with the contact face of the second coupling portion. Such biasing maY: be 

accomplished by a spring. 

The first and second coupling portion may be secured together by rotating 

one with respect to the other. Also, the method may further include connecting each 

of the first and second coupling portions to a cryogenic fluid conduit without a change 

30 in cross sectional area from the fluid flow path of the cryogenic fluid conduit to the 

fluid flow pafll: of the respective coupling portion. 

The method may be implemented by a device which preferably includes a 

first coupling portion including a contact face and a fluid path extending therethrougb 
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with an opening· at tlie contact face, and a: second coupling portiori including a contact 

face and a fluid path ·extending therethrough With an opening at the contact face. 

When the contact f~e of the first coupling portion is brought into contact with the 

contact face of the· second coupling portion, the first coupling portion and the second 

5 coupling portion are self-guiding with respect to each other to align the respective · 

openings thereof, whereby fluid communication is provided between the first and 

second coupling portions without creating a temperature change in a cryogenic fluid 

flowing ·tberetbrougll.' 

the first ~oupling portion may be a male connector portion and the 

10 second coupling portion may be a female connector portion configured to mate with. 

the male conneCtor portion. Further, the first coupling portion may include a main 

body and a mating part with a fluid flow path extending therethrough, and the second 

coupling portion inay include a main body with a fluid flow path extending 

therethrough, ihe second coupling portion having a. first portion complementary in 

15 shape to an outer s1lrface of the mating part of the first coupling portion. 

The fluid. flow path of the first coupling portion may have a substantially 

constant ·cross sectipnal area, and the fluid flow path of the second coupling portion 

may have a substantially constant cross sectional area which is substantially the same 

as tha:t of the fluid ~ow path of the first coupling portion .. The mating part is 

20 · preferably frustoco~cal. but other shapes may also be appropriate. 

Each of the first coupling portion and second coupling portion preferably 

includes a connector part for connecting to a cryogenic fluid conduit without a change 

in cross sectional area from the fluid flow path of the cryogenic fluid conduit to the 

fluid flow path of the respective coupling portion. Further, the device is preferably 

25 fonned of a material having a low thermal conductivity and high resistivity to low 

temperature, for example, polytetrafluoroethylene. 

The device preferably also includes a connector member for holding the 

contact face of the first coupling portion in contact with the contact face of the second 

coupling portion, mid may include a locking mechanism for holding the first coupling . 

30 portion in locking engagement with the second coupling portion. The comector 
. . 

member may include a biasing member for biasing the contact face of the first 

coupling portion into contact with the contact face of.the second coupling portion. 
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The biasing memb~ris preferably a spring, but other ~iwi,lar elements may also be 

appropriate. 

·The connector member may further include an outer casing disposed 

around a main body of the second coupling portion, first and second support members 

5 attached to the outer casing, at least one guide rod extending between and supported 

by the first and second support members, and a slide member supported on the at least 

one guide rods. The locking mechanism may include at least one protrusion disposed 

on an outer surface of the first coupling portion and at least one cut'."'out in one of the 

first and second support members for mating with the at least one protrusion. The 

10 spring is preferably disposed around the main body of the second coupling portion . 

and extends between the first and second support members. When the contact face of 

the first coupling portion is contacted with the contact face of the second coupling .· 

portion, the at least one protrusion passes through the at least one .cut-out and contacts 

with the slide member so that the slide member compresses the spring and, when the 

15 second coupling portion is then rotated with respect to the first coupling portion so •. 

that the at least one protrusion is no longer aligned with the at least one cut-out, the 

first coupling portion is held in locking engagement with the second coupling portion. 

For a generalunderstanding of the features of the invention, reference is 

made to the drawings. In the drawings, like reference numerals have been used 

20 throughout to designate like elements. 

Fig. 1 · is a side cross-sectional. view of a preferred embodiment of a device 

according to the invention. Each of the elements of the device 1 is preferably made of 

or coated with a material having low thennal conductivity and high resi$tivity to low 

temperatures, such as, for example, polytetrafluoroethylene (e.g., Teflon), or any inert 

25 materials such as plastics, which does not become brittle at l~w temperatures. The 

device 1 preferably includes a male connector portion 10 and a female connector 

portion 50. Each of the male connector portion 10 and the female connector portion 

50 are connectable to cryogenic fluid conduit (not shown). 

As shown in Fig. 1, the male connector portion 10 includes a main 

30 body 11. The main body 11 is preferably cylindricai; however, other shapes can also 

be appropriate, particularly as they ~y correspond to the shape of a fluid conduit. 

The main body 11 bas attached thereto a conquit connector part 20 and a mating part 

14. A fluid flow path, preferably with a uniform cross section, extends· through the 
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connector part 20, the main body 11 and the mating part .14. A fluid conduit 75 is 

preferably attached to the connector part 20 utilizing a ~etal tube 70 machine pressed 

·to the connector part 20, as shown in Fig. 4, so that there is little or no expansion of 

the fluid as the fluid passes from the fluid conduit info the fluid flow path of the 

S coupling element. However, other means of connecting a fluid conduit to the 

connector part 20 inay also be appropriate. 

The mating part 14 is preferably complementary in shape to and sealingly 

engages with a fluid flow path entrance of the female connector portion 50 of the 

device 1. In the embodimentofFig. 1, the mating part 14 includes an outer surface 

10 which is preferably·.fiustoconical. · This shape facilitates insertion of the mating part 

14 into the complimentary shaped receiving part 54 of the female connector portion 

15 

· 50. However, other shapes.can also be appropriate. Protrusions 12 are provided on 

the outer sui'face of the main body 11, as shown in Figs. 1 and 3-4. The protrusions 

· 12 are configured to mate With cut..:outs · 52a in support member 52 of the female 

connector portion 50 (see Fig• .S).: · · 

· The female connector portion 50 includes a main body Sl. The main 

body 51 is preferably cylindrical in shape; however, other shapes can also be 

··• appropriate. The main body S 1 has attached thereto a cryogenic fluid conduit 

connector part 60.' A fluid eoriduit 85 is preferably attached to the connector part 60 

· 20 utilizing a metal tube 80 machine pressed to the connector part 60, as shown in Fig. 4, 

so that there is little· or no expansion of the fluid as the fluid passes from the fluid 

conduit into the·.fluid flow path of the coupling element However, other means of 

connecting ·a fluid conduit to. the connector part 60 may also be appropriate. 

A fluid flow path 53 extends through the main body 51 in the connector 

25 part 60. The cross:sectional area ofthe fluid flow path 53 is the same as that of the 

fluid flow path 13 of the male connector portion 10. As discussed above, the outer 

surface of the reeeiVing part 54 is preferably complementary in shape to the outer 

surface of the mating part 14 ofthemale connector portion 10. 

In the preferred embodiment of Fig. 1, the main body 51 is surrounded by 

30 an outer casing 59; The outer casing is preferably a hollow ~bular member; however, 
. . . 

other shapes may also be appropriate. Attached to the outer shell 59 are support 

members 52, 58. The support members 52, 58 are each preferably circular rings. As 

previously discussed, the support member 52 has cut outs 52 which are 
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complementary in sh'pe_ to the protrusions 12 of the m'"l~:FPnnector portion 10. An 
inner shell 59a is att~ched to the support member 58. . ·:,:-'. ;'' . 

Guide rods 56, S6 extend between and are supported by the support 

members 52, 58. A slide plate 55 is slidably mounted on the guide rods 56, 56. The 

S slide plate 55 is preferably a ring-shaped plate; however, other shapes may also be 

appropriate. A spring 57 is disposed around the main body 51, preferably disposed 

between the outer surface of the main body 51 and the guide rods 56, S6.and 

extending between the support members 52, 58. 

To connect the male connector portion 10 and the female connector 

10 portion 50, the protrusions 12 are aligned with the cut-outs 52A of the support 

member 52 and the outer surface of the mating part 14 is brought into contact with the 

inner surface of the receiving part 54. As the mating part 14 is inserted into the fluid 

flow path entrance 54, the protrusions 12 pass through the cut-outs 52A contacting the 

slide plate 55. The slide plate SS pushes against and compresses the spring 57 as the 

15 outer casing 59 and the support members 52, 58 move forward, as shown in Fig. 4. , 

Rotating the male connector portion so that the protrusions 12 are no longer aligned 

with the cut-outs 52A secures the male connector portion 10 to the female connector 

portion 50. 

While the invention has been described in conjunction with specific 

. 20 embodiments thereof, it is evident that many alternatives, modifications and variations 

. may be apparent to those skilled in the art. Accordingly, the preferred embodiments 

of the invention as set forth herein are intended to be illustrative, not limiting. 

Various changes may be made without departing from the spirit and scope of the 

invention as defined in the following claims. 
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WHAT IS CLAIMED IS: ·· · 

1. A cryogenic flujd conduit coupling d~vice, comprising: 

a first coupling portion including a first contact face and a fluid path 

extending through said first coupling portion. with ·a· first opening at the first contact 

face; and 

a sec0nd coupling portion including a second contact face and a fluid 

path extending through said second coupling po.rtion with a second opening at the 

second contact face; said second opening having SU.bstantially the same shape and 

dimensions as·said first opening, . 

IO the first coupling portion and ·the second coupling portion being 

configured to be self~gui~g with respect to each other to align the respective 

openings thereofwheµ the first.contact face is brought into contact with the second 

contact face, whereby fluid communication is provided between the first and second 

coupling portions without creating a t~peranire change in a cryogenic fluid flowing 

15 therethrough. 

2. · ·The device of claim 1, wherein the first coupling portion comprises a 

male connector portion and the second coupling portion comprises a female connector 

portion configured to mate with the male connector portion. 

3. The device of claim 2, wherein the fluid flow path of the male 

· · 20 c0nnector portion has a substantially constant cross· sectional area, and the fluid flow 

path of the female connector portion has a substantially constant cross sectional area 

which is substantially the same as that of the fluid flow path of the male connector 

portion; 

4. The device of claim 2, wherein the male connector portion is 

25 frustoconical. 

S. The device of claim 1, wherein each of the first coupling portion and 

second coupling portion includes a connector part for connecting to a cryogenic fluid 

conduit without a change in cross sectiona1 area from a fluid flow path of the 

cryogenic fluid conduit to the fluid flow path of the respective coupling portion. 

30 6. The device of claim l, wherein the device is fonned of a material 

having low thermal conductivity and high resistivity to low temperature. 

7. The device of claim 6, wherein the.material is polytetrafluoroethylene. 

";...:, •• ,M•, 
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8. The ~~Y~".e of claim 1, further comprisi~~'~ -~~~ector member for 
:•? !'. _·; j' . . ·' ::.;~::~ :.'.: ·:.:. ~ ... 

holding the first contact face in contact with the second contact face. 

9. The device of claim 8, wherein tjle connector member includes a 

locking and unlocking mechanism for releasably holding the first coupling portion in 

5 locking engagement with the second coupling portion. 

IO 

15 

10. The device o_f claim 8, wherein the connector member includes a 

biasing member that biases the first contact face into contact with the second contact 

face. 

11. The device of claim 10, wherein the biasing member is a spring. 

12. The device of claim 11, wherein the connector member further 

· ·comprises a locking and unlocking mechanism for releasably holding the first . . 

coupling portion in locking engagement with the second coupling portion. 

13. The device of claim 12, wherein the connector member further 

comprises: 

an outer casing disposed around a main body of the second coupling portion; 

first and second support members attached to the outer casing; 

at least one guide rod ~tending between and supported by the first and second 

support members; and 

a slide member supported on the at least one guide_ rods; wherein the locking 

20 mechanism includes at least one protrusion disposed on an outer surface of the first 

coupling portion and at least one cut-out in one of the first and second support 

members for mating with the at least one protrusion; wherein the spring is disposed 

around the main body of the second coupling portion and extends between the first 

and second support members, and wherein, when the contact face of the first coupling 

25 portion is contacted with the contact face of the second coupling portion, the at least 

one protrusion passes through the at least one cut-out and contacts with the slide 

member so that the slide member compresses the spring and, when the second 

coupling portion is then rotated with respect to the first coupling portion so that the at 

least one protrusion is no longer aligned with the at least one cut-out, the first 

30 coupling portion is held in locking engagement with the second coupling portion. 

14. A method for coupling cryogenic fluid conduits, comprising: 

contacting together contact faces of first and second coupling portions, 

each having a fluid flow path with an opening at the respective contact face, the fluid 

I lllllll llllll lllll lllll II llll 
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flow paths of the first and second coupling portions being substantially equal in cross­

sectional area, in such a way that the openings are aligned, whereby fluid 

communication is provided between the first and secbnd coupling portions without 

creating a temperature change in a cryogenic fluid flowing therethrough; and 

S securing together the first and second coupling portions while retaining 

said contact faces in contact with one another. 

15. The method of claim 14, wherein the contact faces of the first and 

· second coupling portions are self-guiding with respect to each other to align the 

openings thereofwhen brought into contact · 

10 16. The method of claim 15, comprising securing the first and second 

15 

coupling portion together by.rotating one with respect to the other. 

17. The method of claim.15, wherein the .first coupling portion is a male 

connector portion and the s~ond coupling portion is· a female connector portion 

configured to mate with the male connector portion. 

18. The. m~od of claim 17; wherein ~e male connector portion is 

. frustoconical. . 

19. The method of claim 14, f\uth.er comprising continuously. biasing the 

contact face of the first couplmg portion in a direction of contact with the contact face 

· of the second coupling portion. 

20 20. The method of claim 19, wherein the biasing is accomplished by a 

spring. 

; 
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