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(57) Abstract: The disclosure describes a pressure vessel (10') having a first end (14) with a first boss (16) and a cylindrical por-
tion (30). The vessel (10") includes a liner (20), a composite shell (18) disposed over the liner (20), and a first longitudinal vent
(22) disposed between the liner (20) and the composite shell (18). The first longitudinal vent (22) includes an elongated vent
defining element (23, 23", 23") and extends at least from the cylindrical portion of the vessel (30) to the first boss (16).
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PRESSURE VESSEL LONGITUDINAL 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 and other fuels, for example.
Suitable container 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-metal 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 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] FIGS. 1 and 2 illustrate an elongated pressure vessel 10, such as that disclosed in U.S.
Patent No. 5,476,189, 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. The vessel 10 is formed from 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 all structural
loads.

[0003] Although the liner 20 provides a gas barrier under typical operating conditions, the
design of a pressure vessel 10 of this type produces a phenomenon wherein gas defuses into the
liner 20 under pressurization. When depressurization of the vessel 10 occurs, this gas defuses
into the space between the liner 20 and the composite shell 18. A pocket of gas may thereby be
formed, forcing the liner 20 to bulge inward. At low pressure, laminate strain in the composite
shell 18 is low, and microcracks in the shell 18 close up, forming a seal; when a higher pressure
is reached, those microcracks open up again, thereby allowing expulsion of the trapped pocket of
gas. Thus, when the vessel 10 is re-pressurized, pressure builds up against liner 20, pushing
against the trapped gas pocket, making the bulge in the liner 20 smaller until the gas is ultimately
expelled through the composite shell 18 to the atmosphere. Such expulsion of gas through shell
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18 may occur in a short time interval and can cause a significant concentration of gas to become
present in the surroundings of the vessel 10. This may set off a leak detector around the vessel

10, when actually there is no steady leak from the vessel 10.

SUMMARY

[0004] This disclosure describes a pressure vessel having a center and a first end. The first
end has a first boss. The vessel comprises a liner, a composite shell disposed over the liner, and
a first longitudinal vent disposed between the liner and the composite shell. The first
longitudinal vent comprises an elongated vent defining element and extends at least from the
cylindrical portion of the vessel to the first boss.

[0005] 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
[0006] 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.
[0007] FIG. 1 is a side elevation view of a typical elongated pressure vessel.
[0008] FIG. 2 is a partial cross-sectional view through one end of such a pressure vessel,
taken along line 2—2 of FIG. 1.
[0009] FIG. 3 is an enlarged partial cross-sectional view of a pressure vessel incorporating an
exemplary embodiment of a longitudinal vent of the present disclosure.
[0010] FIG. 4 is a partial cross-sectional view, taken along line 4—4 of FIG. 3, of a first

exemplary longitudinal vent positioned between the vessel shell and liner.
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[0011] FIG. 5 is a partial cross-sectional view, taken along line 4—4 of FIG. 3, of a second
exemplary longitudinal vent positioned between the vessel shell and liner.
[0012] FIG. 6 is a partial cross-sectional view, taken along line 4—4 of FIG. 3, of a third
exemplary longitudinal vent positioned between the vessel shell and liner.
[0013] FIG. 7 is a side elevation view of an elongated pressure vessel incorporating
exemplary arrangements of longitudinal vents.
[0014] 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
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.
[0015] The figures may not be drawn to scale. In particular, some feature 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 otherwise oriented.
DETAILED DESCRIPTION
[0016] This disclosure relates to providing a vent path to prevent gas and pressure build up
between the liner 20 and the composite 18 of a pressure vessel 10°. This vent path allows gas,
such as hydrogen, to escape at a steadier rate, preventing leak detector disturbances, as well as
preventing the liner 20 from bulging or buckling inwardly. Exemplary embodiments of such a
vent path are provided as longitudinal vents 22, 22’ and 22°” of FIGS. 3-7. As shown in FIG. 3,
an end 22a of longitudinal vent 22 adjacent boss 16 is open to the atmosphere.
[0017] In forming vessel 10°, prior to winding the fibers of the composite material around
the liner 20, at least one strip of a vent defining element 23, 23°, 23’ is applied to an exterior
surface 24 of the liner 20. As shown in the embodiments of FIGS. 4 and 5, an elongated vent
defining element 23 (such as, for example a wire), 23’ (such as, for example a folded strip of
textile or of film) is held in place by covering tape 26 via adhesive layer 25. As shown in the
embodiment of FIG. 6, vent defining element 23’ is self-adhesive and held in place by adhesive
layer 25. In the embodiment shown in FIG. 5, where vent defining element 23 may be a textile

that has “wicking” properties (such as, for example, a glass cloth material), the covering tape 26
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prevents resin infusion from composite shell 18 that would otherwise clog the porous
characteristics of vent defining element 23’. If the venting material is not porous, the tape
material may be applied at discrete points rather than continuously over the venting material. A
particularly suitable covering tape material is vinyl. With the vent defining elements 23, 23 and
23> secured to the exterior surface 24 of liner 20, composite fibers are then wound over the
longitudinal vents 22, 22, 22°” as the composite shell 18 for the vessel 10’ is formed over liner
20.

[0018] As illustrated in FIGS. 4-6, on each side of the vent defining element 23, 23°, 23°, a
vent channel 28 is formed. Vent defining element 23, 23’, 23’ may be any elongated structure
over which composite fibers may be wound to produce shell 18 such that a vent channel is
formed between the shell 18 and the liner 20. In the illustrated embodiments, elongated vent
channels 28 are formed on each side of vent defining element 23, 23’, 23°°. In some
embodiments, a vent channel is formed within the vent defining element 23, 23°, 23" itself. This
is possible when the vent defining element 23, 23’, 23" is fluid-permeable or is otherwise
formed to facilitate fluid flow along the elongated structure of the vent defining element. In
some cases, a fluid permeable vent defining element 23, 23°, 23*’ is used in conjunction with
vent channels 28 formed on each side of the fluid-permeable vent defining element 23, 23°, 23,
This offers even more venting capacity for each longitudinal vent 22. Exemplary fluid
permeable vent defining elements 23, 23°, 23°’ include, for example, fiber glass strands, open
weave fiber glass tape, and textiles. Other suitable materials for vent defining element 23, 23’,
23> include, for example, polyethylene and nylon release cloth.

[0019] In an exemplary embodiment, a total thickness of the longitudinal vent 22 on top of
the liner 20 is about 1-2 thousandths of an inch. In some embodiments, a strip of vent defining
element 23, 23°, 23" is folded to accomplish a suitable depth to facilitate gas flow through the
longitudinal vent 22, as shown in FIG. 5. In an exemplary embodiment, a width of each
longitudinal vent 22 is about 0.25 to 0.50 inch. In an exemplary embodiment, a plurality of holes
29 are provided in covering tape 26 to facilitate the migration of gas trapped between composite
shell 18 and liner 20 into longitudinal vent 22. In an exemplary embodiment, each hole 29 has a
diameter of about 0.05 inch. In exemplary embodiments, about ten to about one hundred holes

29 are provided in each longitudinal vent 22, though fewer or more holes can be used.
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[0020] In an exemplary embodiment, as illustrated by FIG. 7, longitudinal vent 22 extends
from at least the boss 16 to a point in the cylindrical portion 30 of the cylindrical vessel 10°. The
cylindrical portion 30 is typically the most compliant (i.e., same strength; but less edge support)
portion of the vessel and is thus the most likely area to exhibit bulging or buckling of the vessel
liner 20 inwardly because of gas buildup. On any particular vessel, only one longitudinal vent 22
may be required, such as shown in the left half of FIG. 7. Multiple longitudinal vents 22 may
also be provided, however, such as shown in the right half of FIG. 7. In one exemplary
embodiment, a plurality of longitudinal vents 22 are directed to the boss 16 on one end 14 of
vessel 10° and a plurality of longitudinal vents 22 are directed to the boss 16 on the opposite end
14 of vessel 10°. The two sets of longitudinal vents 22 are alternately arranged around the
circumference of vessel 10 so that along the cylindrical portion 30 (for example, in one
embodiment, adjacent the center of the cylindrical portion 30 of the vessel 10’), two adjacent
longitudinal vents are directed to opposite ends 14 of vessel 10°. In yet another embodiment, a
single longitudinal vent extends from one boss to the opposite boss. One advantage of using a
plurality of discrete longitudinal vents rather than a more extensive venting layer is that the
disclosed strips require less material and do not require changes to the process for winding the
composite material over liner 20.

[0021] 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 spirit and scope of the disclosure. 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 I8S:

1. A pressure vessel having a first end with a first boss and the vessel having a cylindrical
portion, the vessel comprising:
a liner;
a composite shell disposed over the liner; and
a first longitudinal vent disposed between the liner and the composite shell, the first
longitudinal vent comprising an elongated vent defining element, the first
longitudinal vent extending at least from the cylindrical portion to the first boss.
2. The pressure vessel of claim 1 wherein the vent defining element is fluid permeable.
3. The pressure vessel of claim 1 further comprising a tape disposed between the vent

defining element and the composite shell.

4. The pressure vessel of claim 3 further comprising an adhesive layer disposed on the tape.
5. The pressure vessel of claim 3 wherein the tape comprises a plurality of holes.
6. The pressure vessel of claim 1 further comprising an adhesive layer disposed on the vent

defining element.

7. The pressure vessel of claim 1 having a second end with a second boss, the vessel further
comprising a second longitudinal vent disposed between the liner and the composite shell, the
second longitudinal vent comprising an elongated vent defining element, the second longitudinal

vent extending at least from the cylindrical portion to the second boss.
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