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PRESSURE VESSEL DOME VENTS 

BACKGROUND 

[0001] Pressure vessels are commonly used for containing a variety of fluids under 

pressure, such as storing hydrogen, oxygen, natural gas, nitrogen, propane, methane, and other 

fuels, for example. Suitable container shell materials include laminated layers of wound 

fiberglass filaments or other synthetic filaments bonded together by a thermal-setting or 

thermoplastic resin. A polymeric or other non-metallic resilient liner or bladder often is disposed 

within the composite shell to seal the vessel and prevent internal fluids from contacting the 

composite material. The composite construction of the vessels provides numerous advantages 

such as lightness in weight and resistance to corrosion, fatigue and catastrophic failure. These 

attributes are due at least in part to the high specific strengths of the reinforcing fibers or 

filaments that are typically oriented in the direction of the principal forces in the construction of 

the pressure vessels.  

[0002] FIG. 1 illustrates an elongated pressure vessel 10, such as that disclosed in U.S.  

Patent No. 5,476,189, entitled "Pressure vessel with damage mitigating system," which is hereby 

incorporated by reference. Vessel 10 has a main body section 12 with end sections 14. A boss 

16, typically constructed of aluminum, is provided at one or both ends of the vessel 10 to provide 

a port for communicating with the interior of the vessel 10. As shown in FIG. 2, vessel 10 is 

formed with an inner polymer liner 20 covered by an outer composite shell 18. In this case, 

"composite" means a fiber reinforced resin matrix material, such as a filament wound or 

laminated structure. The composite shell 18 resolves structural loads on the vessel 10.  

[0003] FIG. 2 illustrates a partial cross-sectional view, taken along line 2-2 of FIG. 1, 

of a typical end section 14 including boss 16, such as that disclosed in U.S. Patent No. 5,429,845, 

entitled "Boss for a filament wound pressure vessel," which is hereby incorporated by reference.  

The boss 16 typically has a neck 21 and an annular flange 22. Typically, shell 18 meets neck 21 

at interface 19, and flange 22 is sandwiched between the liner 20 and the shell 18. This 

construction secures the boss 16 to the vessel 10 and provides a seal at the interfaces between the 

boss 16, shell 18 and liner 20. An exterior annular groove 30 in the exterior surface 62 of flange 

22 accepts a complementary exterior annular tab 32 formed in liner 20. Similarly, an interior
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annular groove 34 in the interior surface 60 of flange 22 accepts an interior annular tab 38 

formed liner 20. The grooves 30, 34 and tabs 32, 38 secure the liner 20 to the boss 16.  

[0004] This type of interlocking liner and boss structure has proved effective in certain 

applications, such as for compressed natural gas (CNG) fuel containers. However, in high 

pressure (e.g., 700 bar) service, distortions of the plastic liner material adjacent the boss has been 

noted, leading to some tendency of the plastic liner 20 to be pulled out of the keyway (i.e., tabs 

32, 38 are pulled out of the interlocking grooves 30, 34). The distortion of this area in high 

pressure applications results from the presence of high pressure gas in the keyway between the 

liner 20 and boss 16. High pressure gas saturates the liner material and then outgases when the 

pressure drops. Thus, the gas permeating the interface between the liner 20 and boss 16 can then 

have a higher pressure than the gas within vessel 10, such as, for example, when gas is being 

vented from the vessel 10. As a result, the excess pressure between the liner 20 and boss 16 can 

cause the liner material to be forced out of the keyway. Moreover, the seal between flange 22 

and liner 20 relies at least in part upon the tension of the liner 20 as wrapped around the flange 

22. When the liner 20 stretches, it can cause a loss of tension and thus, a leak at the interface 

between the boss 16 and the liner 20.  

SUMMARY 

[0005] In one aspect, this disclosure describes a pressure vessel having an interior chamber 

and comprising an outer shell, a boss fit to the outer shell, and an internal liner disposed within 

the outer shell. The boss comprises a port extending between the interior chamber and an 

exterior of the pressure vessel; and an annular flange extending radially from the port and having 

an exterior surface and an interior surface. The internal liner comprises an exterior portion 

adjacent the exterior surface of the flange; an interior portion adjacent the interior surface of the 

flange; and a vent in the interior portion.  

[0006] In another aspect, this disclosure describes a method for forming a pressure vessel 

comprising mounting a boss on a mandrel, flowing a non-metallic polymer around a flange of the 

boss to form an internal liner of the pressure vessel, forming a vent in an interior portion of the 

liner; and forming an outer shell surrounding the liner and at least a portion of the flange of the 

boss. The boss comprises a port configured for fluid communication between an interior 

chamber and an exterior of the pressure vessel; and an annular flange extending radially from the
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port and having an exterior surface and an interior surface. The internal liner comprises an 

exterior portion adjacent the exterior surface of the flange; and an interior portion adjacent the 

interior surface of the flange.  

[0007] This disclosure, in its various combinations, either in apparatus or method form, may 

also be characterized by the following listing of items: 

1. A pressure vessel having an interior chamber, the pressure vessel comprising: 

an outer shell; 

a boss fit to the outer shell and comprising: 

a port extending between the interior chamber and an exterior of the pressure vessel; 

and 

an annular flange extending radially from the port and having an exterior surface and 

an interior surface; and 

an internal liner disposed within the outer shell and comprising: 

an exterior portion adjacent the exterior surface of the flange; 

an interior portion adjacent the interior surface of the flange; and 

a vent in the interior portion.  

2. The pressure vessel of item 1, wherein: 

the flange comprises a interior annular groove on the interior surface; 

the liner comprises an interior annular tab that is received within the interior annular 

groove; and 

the vent is positioned in the interior portion radially outward from the interior annular 

tab.  

3. The pressure vessel of any of items 1-2, wherein the vent comprises an aperture formed 

through the interior portion of the liner to fluidly connect an interface between the annular flange 

and the liner with the interior chamber.  

4. The pressure vessel of any of items 1-3, wherein the vent is one of a plurality of vents 

symmetrically positioned about the port.
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5. The pressure vessel of any of items 1-4 wherein the vent is circular.  

6. The pressure vessel of any of items 1-6 wherein the vent is elongated.  

7. A method for forming a pressure vessel comprising: 

mounting a boss on a mandrel, the boss comprising: 

a port configured for fluid communication between an interior chamber and an 

exterior of the pressure vessel; and 

an annular flange extending radially from the port and having an exterior surface and 

an interior surface; 

flowing a non-metallic polymer around the flange to form an internal liner of the pressure 

vessel, wherein the internal liner comprises: 

an exterior portion adjacent the exterior surface of the flange; and 

an interior portion adjacent the interior surface of the flange; 

forming a vent in the interior portion of the liner; and 

forming an outer shell surrounding the liner and at least a portion of the flange of the 

boss.  

8. The method of item 7, wherein the flange comprises a interior annular groove on the 

interior surface, and forming the internal liner comprises flowing the polymer into the interior 

annular groove to form an interior annular tab that is received within the interior annular groove.  

9. The method of item 8, wherein forming the vent comprises positioning the vent in the 

interior portion radially outward from the interior annular tab.  

10. The method of any of items 7-9, wherein forming the vent comprises creating an aperture 

through the interior portion of the liner to fluidly connect an interface between the annular flange 

and the liner with the interior chamber.
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11. The method of any of items 7-10, further comprising forming a plurality of said vents 

symmetrically positioned about the port.  

[0008] This summary is provided to introduce concepts in simplified form that are further 

described below in the Detailed Description. This summary is not intended to identify key 

features or essential features of the disclosed or claimed subject matter and is not intended to 

describe each disclosed embodiment or every implementation of the disclosed or claimed subject 

matter. Specifically, features disclosed herein with respect to one embodiment may be equally 

applicable to another. Further, this summary is not intended to be used as an aid in determining 

the scope of the claimed subject matter. Many other novel advantages, features, and 

relationships will become apparent as this description proceeds. The figures and the description 

that follow more particularly exemplify illustrative embodiments.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The disclosed subject matter will be further explained with reference to the attached 

figures, wherein like structure or system elements are referred to by like reference numerals 

throughout the several views.  

[0010] FIG. 1 represents a side view of a typical pressure vessel.  

[0011] FIG. 2 is a partial sectional view of one end of the vessel of FIG. 1 taken along line 

2-2 of FIG. 1 and showing a typical boss and liner.  

[0012] FIG. 3 is an enlarged view of a portion of a dome-shaped end section of a pressure 

vessel, similar to FIG. 2, but shows an illustrative embodiment of the dome vent structures of the 

present disclosure.  

[0013] FIG. 4 is a partial perspective sectional view, showing a more complete view of the 

dome vent structures of FIG. 3.  

[0014] FIG. 5 is a sectional end view of the interior of the end section of a pressure vessel 

incorporating the dome vent structures of the present disclosure, such as taken along line 5-5 of 

a pressure vessel, as shown in FIG. 1.  

[0015] While the above-identified figures set forth one or more embodiments of the 

disclosed subject matter, other embodiments are also contemplated, as noted in the disclosure. In 

all cases, this disclosure presents the disclosed subject matter by way of representation and not
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limitation. It should be understood that numerous other modifications and embodiments can be 

devised by those skilled in the art which fall within the scope and spirit of the principles of this 

disclosure.  

[0016] The figures may not be drawn to scale. In particular, some features may be enlarged 

relative to other features for clarity. Moreover, where terms such as above, below, over, under, 

top, bottom, side, right, left, etc., are used, it is to be understood that they are used only for ease 

of understanding the description. It is contemplated that structures may be oriented otherwise.  

DETAILED DESCRIPTION 

[0017] There remains a need for a liner and boss interface structure that prevents separation 

of the liner and boss under high pressure, prevents uncontrolled leakage, and allows venting of 

gas trapped between the liner and the boss. This disclosure relates to a pressure vessel having 

features that prevent gas from building up between the liner 20' and boss 16 of the pressure 

vessel 10'. For example, as shown in FIG. 3, vents 52 provide a path through which gas may 

vent from between an interface of boss 16 and liner 20' to the interior chamber 55 of vessel 10'.  

The interior chamber 55 is defined as the interior space within liner 20'. Because gas, if any, 

between the interface of boss 16 and liner 20' is allowed to escape through vents 52, such gas 

does not build up, and the vessel 10' exhibits a secure seal between a flange 22 of boss 16 and 

liner 20'.  

[0018] FIGS. 3 - 5 show an illustrative embodiment of an exemplary pressure vessel 10' of 

the present disclosure, having a substantially hemispherical or dome-shaped end section 14' 

including a boss 16 (i.e., plumbing port) that is fit to outer shell 18 and liner 20'. In an 

exemplary embodiment, boss 16 is metallic and can be formed of carbon steel, for example. Port 

23 of boss 16 extends between an interior chamber 55 of pressure vessel 10' and an exterior of 

the pressure vessel 10'. In an exemplary embodiment, boss 16 has an annular flange 22 

extending radially from port 23 and having interior surface 60 and exterior surface 62. In an 

exemplary embodiment, annular flange 22 has an annular interior groove 34 disposed on inner 

surface 60 of flange 22, and an annular exterior groove 30 located on exterior surface 62 of 

flange 22. In an illustrative embodiment, grooves 30, 34 are shaped to be wider at respective 

bottom walls 40, 44 than at respective openings 42, 46, to accept and retain tabs 32, 38 of liner 

20'.
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[0019] In an illustrative embodiment, pressure vessel 10' includes a liner 20' disposed within 

shell 18. An exemplary non-metallic liner 20' has an interior portion 68 adjacent interior surface 

60 of flange 22 and an exterior portion 72 adjacent exterior surface 62 of flange 22. Tabs 32, 38 

extend annularly about boss 16 and have profiles that complement the shape of grooves 30, 34.  

Interior groove 34 accepts interior tab 38, thereby forming a mechanical interlock that secures 

liner 20' to boss 16. Exterior tab 32 is received into exterior groove 30, forming another 

mechanical interlock that further secures liner 20' to boss 16. "Dovetail" type mechanical 

interlocks are shown; as used in this disclosure, the term "dovetail" describes a keyway or 

interlocking key configuration comprising a lip, notch, flare, projection or similar or 

corresponding structure so that a joint or joints (whether continuous or discontinuous) formed 

between the groove 30, 34 of boss 16 and interlocking tabs 32, 38 of liner 20' are structurally 

inhibited from separation. However, it is contemplated that other means or methods of 

mechanically, frictionally or chemically (e.g., by the use of adhesives) securing liner 20' to boss 

16 may be used. Flange 22 is thus at least partially enclosed in liner material, thereby sealing 

boss 16 and liner 20' mechanically together. However, in an exemplary embodiment, interior 

portion 68 of liner 20' is not bonded to interior surface 60 of flange 22 so that any gas that 

permeates into the interface between these parts is able to travel to vent 52, for expulsion thereto 

into interior chamber 55 of pressure vessel 10'.  

[0020] In some embodiments, the liner 20' can be made of plastic, elastomers, or other 

polymers, and can be manufactured by compression molding, blow molding, injection molding 

or any other generally known technique. In other embodiments, the liner 20' can be comprised 

of other materials, including steel, aluminum, nickel, titanium, platinum, gold, silver, stainless 

steel, and any alloys thereof. Such metals can be generally characterized as having a high 

modulus of elasticity. In one embodiment, the liner 20 is formed of blow molded high density 

polyethylene (HDPE).  

[0021] A method of forming a pressure vessel 10' includes mounting a boss on a mandrel 

and allowing a fluid polymer material for liner 20' to flow around flange 22 and into grooves 30, 

34 of boss 16. The liner material then solidifies, thereby forming exterior portion 72 adjacent 

exterior surface 62 of flange 22, including exterior tab 32 received within groove 30; and interior 

portion 68 adjacent interior surface 60 of flange 22, including interior tab 38 received within
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groove 34. Liner 20' is thereby mechanically interlocked with boss 16. Accordingly, even under 

extreme pressure conditions, separation of liner 20' from boss 16 is prevented.  

[0022] Vents 52 may be formed during or after manufacture of liner 20' in any suitable 

manner, e.g., by drilling, molding, or puncturing, and may have any size or shape useful for 

allowing gas to flow from the interface of boss 16 and liner 20' into interior chamber 55. For 

example, vent 52 may be circular, elongated, or may comprise one or more regions of clustered 

openings. In a case where vent 52 is elongated, such an elongated vent may extend radially, 

circumferentially, or otherwise relative to port 23. Vents 52 are shown as discrete holes (e.g., 

holes that are not fluidly connected to each other), but any suitable gas-permeable structure or 

mechanism for allowing gas to escape from between boss 16 and liner 20' into interior chamber 

55 of pressure vessel 10' may be used.  

[0023] FIG. 5 is a sectional end view of the interior of the end section 14' of pressure vessel 

10'. In an exemplary embodiment, a plurality of vents 52 are symmetrically positioned about 

port 23. In the illustrated embodiment, four circular vent holes 52 are shown to be evenly-spaced 

about a circumference of boss 16, each an equal distance from port 23 of boss 16. However, it is 

contemplated that vents 52 may be provided in any size, number and at any location on interior 

portion 68 of liner 20' adjacent to flange 22, and particularly between interior tab 38 of liner 20' 

and distal edge 78 of flange 22. It is contemplated that even a single vent 52 may be sufficient, 

as any gas permeation through liner 20' will occur at a relatively low rate.  

[0024] Outer shell 18 is formed surrounding the liner 20' and at least a portion of flange 22 

of boss 16. Suitable materials for shell 18 include a composite of laminated layers of wound 

fiberglass fibers or filaments or other synthetic filaments bonded together by a thermal-setting or 

thermoplastic resin. The fiber may be fiberglass, ARAMID, carbon, graphite, or any other 

generally known fibrous reinforcing material. The resin matrix used may be epoxy, polyester, 

vinyl ester, thermoplastic or any other suitable resinous material capable of providing fiber to 

fiber bonding, fiber layer to layer bonding, and the fragmentation resistance required for the 

particular application in which the vessel is to be used. In an exemplary method, a dispensing 

head for the fibers moves in such a way as to wrap the fiber on the liner 20' in a desired pattern.  

If the vessel 10' is cylindrical, rather than spherical, fiber winding is normally applied in both a 

substantially longitudinal (helical) and a circumferential (hoop) wrap. This winding process is 

defined by a number of factors, such as resin content, fiber configuration, winding tension, and
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the pattern of the wrap in relation to the axis of the liner 20'. Details relevant to the formation of 

an exemplary pressure vessel are disclosed in U.S. Patent No. 4,838,971, entitled "Filament 

Winding Process and Apparatus," which is incorporated herein by reference.  

[0025] When fluid is contained in vessel 10' under pressure, some fluid may permeate 

through liner 20' and into the interface between liner 20' and flange 22 of boss 16. The presence 

of gas at the interface may compromise the sealed relationship of the boss 16 and liner 20'. In 

an exemplary embodiment, a single or plurality of vents 52 (e.g., aperture(s) of any suitable size 

and shape), are provided through the interior portion 68 of liner 20' to fluidly connect an interior 

chamber 55 of vessel 10' and the interior surface 60 of flange 22 (e.g., at an interface between 

the annular flange 22 and the liner 20'). In an exemplary embodiment, vent 52 is positioned 

between tab 38 of liner 20' and distal edge 78 of flange 22. Thus, vent 52 is positioned in the 

interior portion 68 radially outward from the interior annular tab 38. In an exemplary 

embodiment, vent 52 extends through the entire thickness of the interior portion 68 of liner 20'.  

Thus, any gas that builds up between boss 16 and liner 20' can travel from between liner 20' and 

flange 22, through vent hole 52, and into the interior chamber 55 of vessel 10'.  

[0026] In an exemplary Type 4 (non-metallic) pressure vessel 10' having a diameter of about 

13 inches and a length of about 35 inches, four vents 52 were drilled into interior portion 68 of 

liner 20', each vent 52 positioned about 3 inches from the radial center of, and symmetrically 

about the circumference of, boss 16 of pressure vessel 10'. In an exemplary embodiment, each 

of the four vents 52 has a diameter of about 0.125 inch. Pressure cycle testing was performed on 

this exemplary pressure vessel 10' using water from below 360 pounds per square inch (psi) to 

above 4,500 psi for 15,000 cycles. Following the pressure cycle testing, the pressure vessel 10' 

was leak tested and showed no signs of leakage. Moreover, the pressure vessel 10' showed no 

visible signs of liner bulging or other damage in the vicinity of interior portion 68.  

[0027] It is contemplated that fewer or more vents 52 may be used on a pressure vessel 10'.  

Moreover, the vents 52 may be sized differently than in the exemplary embodiments.  

Additionally, while a plurality of vents 52 for a particular pressure vessel 10' may all be of the 

same size, shape, and symmetrically placed, it is also contemplated that vents 52 may 

alternatively possess a combination of different sizes, shapes, and placements in a single pressure 

vessel.
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[0028] Although the subject of this disclosure has been described with reference to several 

embodiments, workers skilled in the art will recognize that changes may be made in form and 

detail without departing from the scope of the disclosure. For example, while interior groove 34 

is illustrated as being radially inward on flange 22 compared to the placement of exterior groove 

30, it is contemplated that interior groove 34 may be positioned radially outward on flange 22 

compared to the placement of exterior groove 30. Moreover, flange 22 may have a different 

configuration than illustrated. Moreover, liner 20' may be formed to so that interior portion 68 

and/or exterior portion 72 cover more or less of flange 22 than illustrated. In addition, any 

feature disclosed with respect to one embodiment may be incorporated in another embodiment, 

and vice-versa.
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WHAT IS CLAIMED IS: 

1. A pressure vessel having an interior chamber, the pressure vessel comprising: 

an outer shell; 

a boss fit to the outer shell and comprising: 

a port extending between the interior chamber and an exterior of the pressure vessel; 

and 

an annular flange extending radially from the port and having an exterior surface and 

an interior surface; and 

an internal liner disposed within the outer shell and comprising: 

an exterior portion adjacent the exterior surface of the flange; 

an interior portion adjacent the interior surface of the flange; and 

a vent in the interior portion.  

2. The pressure vessel of claim 1, wherein: 

the flange comprises a interior annular groove on the interior surface; 

the liner comprises an interior annular tab that is received within the interior annular 

groove; and 

the vent is positioned in the interior portion radially outward from the interior annular 

tab.  

3. The pressure vessel of claim 1, wherein the vent comprises an aperture formed through 

the interior portion of the liner to fluidly connect an interface between the annular flange and the 

liner with the interior chamber.  

4. The pressure vessel of claim 1, wherein the vent is one of a plurality of vents 

symmetrically positioned about the port.  

5. The pressure vessel of claim 1 wherein the vent is circular.  

6. The pressure vessel of claim 1 wherein the vent is elongated.  

7. A method for forming a pressure vessel comprising: 

mounting a boss on a mandrel, the boss comprising: 

a port configured for fluid communication between an interior chamber and an 

exterior of the pressure vessel; and
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an annular flange extending radially from the port and having an exterior surface and 

an interior surface; 

flowing a non-metallic polymer around the flange to form an internal liner of the pressure 

vessel, wherein the internal liner comprises: 

an exterior portion adjacent the exterior surface of the flange; and 

an interior portion adjacent the interior surface of the flange; 

forming a vent in the interior portion of the liner; and 

forming an outer shell surrounding the liner and at least a portion of the flange of the 

boss.  

8. The method of claim 7, wherein the flange comprises a interior annular groove on the 

interior surface, and forming the internal liner comprises flowing the polymer into the interior 

annular groove to form an interior annular tab that is received within the interior annular groove.  

9. The method of claim 8, wherein forming the vent comprises positioning the vent in the 

interior portion radially outward from the interior annular tab.  

10. The method of claim 7, wherein forming the vent comprises creating an aperture through 

the interior portion of the liner to fluidly connect an interface between the annular flange and the 

liner with the interior chamber.  

11. The method of claim 7, further comprising forming a plurality of said vents 

symmetrically positioned about the port.
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