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CHECK VALVE WITH PILOT TUBE
PRESSURE SENSING

ORIGIN OF THE INVENTION

The mmvention described herein was made 1n the perfor-
mance of work under a NASA contract and by an employee
of the United States Government and 1s subject to the

provisions of Section 20135(b) of the National Aeronautics
and Space Act, Public Law 111-314, § 3 (124 Stat. 3330, 51

U.S.C. Chapter 201), and may be manufactured and used by
or for the Government for governmental purposes without
the payment of any royalties thereon or therefore.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to check valves. More specifically,
the mvention 1s check valve using a pilot tube for sensing
pressure at the valve’s outlet in order to control the opening
and closing of the valve.

2. Description of the Related Art

Check valves are required i a variety of cryogenic
applications ranging from manufacturing processes to aero-
space launch vehicles. For applications requiring a low
cracking pressure as well as a high operating pressure,
leakage through a check valve’s seat region i1s a problem. In
general, the leakage problem 1s created since only a small
force can be applied to keep a check valve seated 1n order to
satisty the cracking pressure requirement. In manufacturing
applications, cryogenic tluid leakage/loss leads to increased
manufacturing costs. In aerospace launch vehicle applica-
tions, cryogenic flud leakage/loss negatively impacts launch
vehicle capabilities.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a check valve.

Another object of the present invention 1s to provide a
check valve for use 1n cryogenic applications.

Other objects and advantages of the present invention will
become more obvious hereinafter 1n the specification and
drawings.

In accordance with the present invention, a check valve
includes a housing having a plenum, an inlet in fluid
communication with the plenum, and an outlet mn fluid
communication with the plenum. A valve disposed 1n the
housing opens a flow path from the inlet to the outlet via the
plenum when a difference between a first fluid pressure at
the 1nlet and a second fluid pressure at the outlet exceeds a
predetermined amount, and closes the tlow path when the
difference 1s less than the predetermined amount. The valve
includes a bellows having a first axial end and a second axial
end with the first axial end being coupled to the housing. A
poppet includes a plate having a first face coupled to the
second axial end of the bellows. The plate has a second face
in fluid communication with the plenum. The poppet further
includes a hollow tubular structure extending through the
plate and terminating 1n a first open end disposed within the
bellows. The hollow tubular structure includes an annular
flange between the second face of the plate and the outlet 1n
the housing. The hollow tubular structure also includes an
open-ended tube extending from the annular flange nto the
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housing’s outlet. A spring disposed within the hollow tubu-
lar structure positions the annular flange to seal the outlet
when the difference is less than the predetermined amount.
The spring compresses when the diflerence exceeds the

predetermined amount wherein the annular flange 1s
unsealed from the housing’s outlet to open the tlow path.

BRIEF DESCRIPTION OF THE DRAWING(S)

Other objects, features and advantages of the present
invention will become apparent upon reference to the fol-
lowing description of the preferred embodiments and to the
drawings, wherein corresponding reference characters indi-
cate corresponding parts throughout the several views of the
drawings and wherein:

FIG. 1 1s a cross-sectional view of a check valve 1n
accordance with an embodiment of the present mmvention
shown 1n 1ts closed position;

FIG. 2 1s a cross-sectional view of the check valve shown
in 1ts open position; and

FIG. 3 1s an 1solated cross-sectional view of the check
valve’s poppet and internally-installed spring in accordance
with an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

Referring now to the drawings, simultaneous reference
will be made to FIGS. 1 and 2 where a check valve n
accordance with an embodiment of the present invention 1s
shown and 1s referenced generally by numeral 10. FIG. 1
depicts check valve 10 1n 1ts closed position, and FIG. 2
depicts check valve 10 1n 1ts open position. As will be
explained further below, check valve 10 1s sensitive to
opening at low cracking pressures without being subject to
leakage when 1t 1s closed. Accordingly, check valve 10 1s
well-suited for use 1n cryogenic fluid applications.

Check valve 10 includes a housing 12 that, 1n general,
defines a fluid tlow path through housing 12 and supports a
valve assembly of the present invention that controls the
opening/closing of the fluid flow path predicated on a
pressure diflerential across the valve. The specific shape,
s1ze, and maternals used for housing 12 are not limitations of
the present invention. For example, housing 12 can be
constructed using multiple pieces with seals (omitted from
the figures for sake of clarity) being provided between the
pieces as necessary and as would be well understood in the
art.

Housing 12 has an inlet 14 provided with an incoming
fluid tflow under pressure as indicated by arrow 16. Housing
12 has an outlet 18 for emitting a fluid tlow passing through
housing 12 when the valve (disposed 1n housing 12) 1s open
(FI1G. 2) where the emitted fluid flow 1s indicated by arrow
20. Between inlet 14 and outlet 18, housing 12 defines a
plenum 22 1n fluid communication with parts of the valve as
will be explained later below. The various regions of the
plenum are referenced by numeral 22. Even when the valve
1s closed (FIG. 1), there 1s flud at its accompanying pressure
at outlet 18. As will be explained further below, the valve of
the present mvention constantly senses the pressure difler-
ential between the fluid at mlet 14 and the fluid at outlet 18
to prevent any fluid from flowing from inlet 14 to outlet 18
(F1G. 1), or to allow fluid to flow from inlet 14 to outlet 18
(FI1G. 2).

The valve of the present invention includes a bellows 30,
a poppet 40, and a spring 50, with poppet 40 and spring 50
being illustrated in 1solation 1n FIG. 3. Bellows 30 1s a
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cylindrical bellows having one axial end 32 athixed to
housing 12 and 1ts opposing axial end 34 athixed to poppet
40. More specifically, axial end 34 1s athixed to a first face
41 of the poppet’s plate 42. A second face 43 of plate 42 1s
exposed to fluid and the pressure thereol present 1n plenum

22.

Poppet 40 also includes a hollow tubular structure 44
(FIG. 3) that extends through plate 42 and has opposing
open axial ends 45 and 46. Tubular structure 44 1s fixedly
coupled to or integrated with plate 42. Tubular structure 44
includes tubes 47 and 48 coupled to or integrated with one
another such that the combination thereof 1s a unitary
structure. Tube 47 extends through plate 42 and tube 48
extends from one end of tube 47. Tube 48 has a smaller
inside and outside diameter than tube 47 such that an annular
flange 49 1s defined about tube 48 where 1t interfaces with
tube 47. Open end 45 1s defined at the outboard end of tube
4’7 and resides 1 bellows 30. Open end 435 can have one or
more slots 45A to facilitate the egress of fluid under pressure
into bellows 30 as will be described further below. Open end
46 1s defined at the outboard end of tube 48 and resides 1n
outlet 18.

Spring 50 1s disposed within tube 47 and provides a
controlling force to position poppet 40 such that tlange 49
seats/seals against a valve seat 60 positioned at outlet 18
when the valve 1s closed (FIG. 1), 1.e., the fluid pressure at
outlet 18 1s greater than the flmid pressure at inlet 14 by some
predetermined amount dictated by the force applied by
spring 30. However, when the fluid pressure at inlet 14 1s
greater than the fluid pressure at outlet 18 by the predeter-
mined amount governed by spring 50, the valve 1s opened
(FIG. 2).

One axial end of spring 50 i1s seated inside tube 47
adjacent tlange 49. The other axial end of spring 50 1s held
in compression by a flow-through end cap 52 bearing against
a stop 34 fitted mto housing 12. End cap 352 bears against
spring 50 inside of tube 47. End cap 52 extends from axial
end 45 to bear against stop 54 inside of bellows 30. End cap
52 defines fluid passageways 33 leading to slots 45A 1n open
axial end 45. Stop 54 can be threaded into housing 12 (as
indicated by threads 56) such that the position of stop 54 can

be adjusted thereby adjusting the amount of movement of

poppet 40.

In use, check valve 10 1s opened (FIG. 2) when the fluid
pressure at outlet 18 1s less than the flmd pressure at inlet 14
by an amount dictated by the spring force of spring 50 as will

be explained further below. Throughout the opened state of

the check valve, fluid pressure at outlet 18 1s provided to the
inside of bellows 30 to bear against face 41 of poppet 40.
That 1s, fluid at outlet 18 passes through open axial end 46,
tube 48, tube 47, open axial end 45 via slots 45A, and 1nto
bellows 30. At the same time, fluid pressure at inlet 14 and
plenum 22 bears against face 43 of poppet 40. As long as the
pressure differential across plate 42 allows spring 50 to
remain compressed, check valve 10 will remain open to emit
fluid flow 20. Throughout this open-valve flow process, the
fluid pressure at outlet 18 1s provided at face 41 of poppet 40
to essentially continually monitor the pressure at outlet 18.

When the pressure at outlet 18 1s greater than the pressure
at 1mlet 14 such that bellows 30 can axially expand and
overcome the compression force of spring 50, poppet 40 1s
moved until tlange 49 seats against valve seat 60 (FIG. 1) to

the check valve, the pressure at outlet 18 1s also constantly
monitored as described above so that check valve 10 can
re-open when appropriate.

thereby seal check valve 10. Throughout the closed state of
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The advantages of the present invention are numerous.
The poppet’s plate provides a large sense area while the pilot
tube (1.e., tube 48) constantly provides outlet pressure to one
side of the poppet’s plate. The piloted operation of the valve
allows sealing stress to be maintained at the poppet and seat
interface at low pressures and therefore able to meet low
leakage rates at cryogenic temperatures.

Although the invention has been described relative to a
specific embodiment thereot, there are numerous variations
and modifications that will be readily apparent to those
skilled 1n the art in light of the above teachings. It 1s
therefore to be understood that, within the scope of the
appended claims, the invention may be practiced other than
as specifically described.

What 1s claimed as new and desired to be secured by
Letters Patent of the United States 1s:

1. A check valve, comprising:

a housing having a plenum, an inlet 1 fluidd communica-
tion with said plenum, and an outlet 1n fluid commu-
nication with said plenum; and

a valve disposed 1n said housing for opening a flow path
from said inlet to said outlet via said plenum when a
difference between a first fluid pressure at said inlet and
a second tluid pressure at said outlet exceeds a prede-
termined amount, and for closing said flow path when
said difference 1s less than said predetermined amount,
said valve including

a bellows having a first axial end and a second axial end,
said first axial end coupled to said housing,

a plate having a first face coupled to said second axial end
of said bellows, said plate having a second face 1n fluid
communication with said plenum,

a first tube extending through said plate and terminating
in a {irst open end disposed within said bellows and a
second open end disposed adjacent to said outlet,

a second tube sealed to said second open end and extend-
ing 1nto said outlet wherein a combination of said first
tube and said second tube are a singular structure, and

a spring having a first position that biases said combina-
tion towards said outlet wherein said first tube seals
said outlet when said difference 1s less than said pre-
determined amount, said spring having a second posi-
tion when said difference exceeds said predetermined
amount wherein said first tube 1s unsealed from said
outlet to open said tlow path, wherein said second tube
extends into said outlet for said first position of said
spring and said second position of said spring.

2. A check valve as 1n claim 1, wherein said first tube 1s

integral with said plate.

3. A check valve as 1n claim 1, further comprising a stop
fitted 1n said housing for engaging said first tube at said first
open end thereol when said difference exceeds said prede-
termined amount.

4. A check valve as m claim 3, wherein said stop 1s
threaded 1nto said housing.

5. A check valve as 1n claim 1, further comprising at least
one slot 1 said first tube at said first open end thereof.

6. A check valve, comprising:

a housing having a plenum, an inlet 1 fluidd communica-
tion with said plenum, and an outlet 1n fluid commu-
nication with said plenum; and

a valve disposed 1n said housing for opening a flow path
from said inlet to said outlet via said plenum when a
difference between a first fluid pressure at said inlet and
a second fluid pressure at said outlet exceeds a prede-
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termined amount, and for closing said flow path when
said difference 1s less than said predetermined amount,
said valve including

a bellows having a first axial end and a second axial end,
said first axial end coupled to said housing,

a poppet including a plate having a first face coupled to
said second axial end of said bellows, said plate having
a second face in fluid communication with said plenum,

said poppet further including a hollow tubular structure
extending through said plate and terminating 1n a first
open end disposed within said bellows, said hollow
tubular structure including an annular tlange between
said second face of said plate and said outlet, said
hollow tubular structure including an open-ended tube
extending from said annular flange 1nto said outlet, and

a spring disposed within said hollow tubular structure for
positioning said annular flange to seal said outlet when
said difference 1s less than said predetermined amount,
and for compressing when said difference exceeds said
predetermined amount wherein said annular flange 1s
unsealed from said outlet to open said flow path.

7. A check valve as in claim 6, wherein said hollow

tubular structure 1s integral with said plate.

8. A check valve as 1n claim 6, further comprising a stop
fitted 1n said housing for engaging said first open end of said
hollow tubular structure when said difference exceeds said
predetermined amount.

9. A check valve as in claim 8, wherein said stop 1s
threaded 1nto said housing.

10. A check valve as 1n claim 6, further comprising at least
one slot 1n said hollow tubular structure at said first open end
thereof.

11. A check valve, comprising:

a housing having a plenum, an inlet in fluid communica-
tion with said plenum, and an outlet 1n fluid commu-
nication with said plenum; and

a valve disposed 1n said housing for opening a flow path
from said inlet to said outlet via said plenum when a
difference between a first fluid pressure at said inlet and
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a second tluid pressure at said outlet exceeds a prede-
termined amount, and for closing said tlow path when
said difference 1s less than said predetermined amount,
said valve including

a bellows having a first axial end and a second axial end,

said first axial end coupled to said housing,

a plate having a first face coupled to said second axial end
of said bellows, said plate having a second face 1n tluid
communication with said plenum,

a first tube extending through said plate and terminating
in a {irst open end disposed within said bellows and a
second open end disposed adjacent to said outlet,

a valve seat disposed at said outlet,

a second tube sealed to said second open end and extend-
ing through said valve seat into said outlet wherein a
combination of said first tube and said second tube are
a singular structure, and

a spring disposed in said first tube, said spring having a
first position that biases said combination towards said
outlet wherein said first tube seats against said valve
seat when said difference 1s less than said predeter-
mined amount, said spring having a second position
when said difference exceeds said predetermined
amount wherein said first tube 1s unseated from said
valve seat to open said flow path, wherein said second
tube extends through said valve seat 1nto said outlet for
said first position of said spring and said second posi-
tion of said spring.

12. A check valve as 1n claim 11, wherein said first tube

1s 1ntegral with said plate.

13. A check valve as 1n claim 11, further comprising a stop
fitted 1n said housing for engaging said first tube at said first
open end thereof when said difference exceeds said prede-
termined amount.

14. A check valve as in claim 13, wherein said stop 1s
threaded 1nto said housing.

15. A check valve as in claim 11, further comprising at
least one slot 1n said first tube at said first open end thereof.
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