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PRESSURE RELIEF VALVE FOR HIGH-PRESSURE FLUIDS,
INCLUDING ABRASIVES LADEN FLUIDS

Field

[0001] The present disclosure relates to the field of valves, more particularly valves
used in high pressure applications wherein a poppet is selectively seated against a
seat surrounding a high pressure fluid flow passage, and the seating thereof against
the seat prevents the high pressure fluid from flowing through the high pressure fluid
flow passage to a vent or outlet passage of the valve. In an overpressure condition,
the poppet will lift off of the seat, allowing the high pressure fluid to flow through the
high pressure fluid flow passage to a vent or outlet passage of the valve, thereby

relieving the overpressure condition at the high pressure fluid flow passage.

Background

[0002] High pressure fluid circuits require pressure relief valves therein, which
when an overpressure condition is present in the high pressure fluid circuit, allow fluid
in the high pressure fluid circuit to pass therethrough to a lower pressure environment,
and thereby relieve the overpressure condition in the high pressure fluid circuit. One
issue with such valves is the use thereof in high fluid pressure circuits where the fluid
is also carrying therein abrasives, for example a fracing fluid circuit wherein a fracing
fluid, having proppants therein, is pumped to a high pressure to fracture rock

formations in subsurface formations.

[0003] The abrasive nature of fracing fluids has limited the use of poppet based
pressure relief valves in fracing fluid circuits, particularly high pressure fracing fluid
circuits, as the rapidly abrade the seat or facing sealing face of the poppet to the
condition where the valve will no longer seal off the high pressure fluid from passage
therethrough, or otherwise erode the internal structures of the valve rendering it no

longer useful for its intended purpose.

SUMMARY

[0004] Provided herein are valve constructs configured to provide a poppet valve
for use as a pressure relief valve for a high pressure fluid circuit, including a high

pressure fluid circuit for highly abrasive laden fluids, for example fracing fluids.
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[0005] In one aspect, there is provided a valve having a first body having an inlet
and a ledge surrounding the inlet at a location inwardly of the body, a second body
having an outlet and a poppet bore having a circumferential poppet bore surface, a
poppet located in the poppet bore and having a sealing face, the sealing face facing
the ledge of the first body, and a sealing arrangement having a circumferential support
surface, a compressible seal ring having an uncompressed free state and a
compressed state, an outer circumferential surface, and an inner circumferential
surface facing the circumferential support surface, and a split ring disposed over the
outer circumferential surface of the compressible seal ring, the compressible seal ring

in a compressed state between the split ring and the inner circumferential surface.

[0006] In another aspect, there is provided a valve, having a first body having an
inlet and a ledge surrounding the inlet at a location inwardly of the body, a second
body having an outlet and a poppet bore having a circumferential poppet bore surface,
a poppet located in the poppet bore and having a sealing face, the sealing face facing
the ledge of the first body and comprising at least one of a single crystal sapphire ring
or a single crystal ruby ring having a seal ring annular surface facing the inlet, a sealing
arrangement comprising a circumferential support surface, and a compressible seal
ring, and a biasing member biasing the poppet in the direction of the inlet, wherein the

seal ring annular surface is selectively engageable against the compressible seal ring.

[0007] In another aspect, there is provided a valve having a first body having an
inlet and a ledge surrounding the inlet at a location inwardly of the body, a second
body having an outlet and a poppet bore having a circumferential poppet bore surface,
a poppet located in the poppet bore and having an annular sealing face, the sealing
face facing the ledge of the first body, a sealing arrangement comprising a
circumferential support surface, and a compressible seal ring, a poppet guide, the
poppet guide comprising a central bore and a plurality of flow passages extending
therethrough and circumferentially spaced from one another about the central bore;
and a biasing member configured to bias the annular sealing face in the direction of

the compressible seal ring.

[0008] In another aspect, a valve includes a first body having an inlet and a ledge
surrounding the inlet at a location inwardly of the body, a second body having an outlet

and a poppet bore having a circumferential poppet bore surface, a poppet located in
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the poppet bore, the poppet having a sealing face, the sealing face facing the ledge
of the first body and a recess extending inwardly of the poppet and terminating at a
base thereof, the base facing the inlet, the sealing face extending around the recess
at a location intermediate of the base and the inlet, a sealing arrangement comprising
a circumferential support surface, and a compressible seal ring and a biasing member
biasing the poppet in the direction of the inlet, wherein the seal ring annular surface

is selectively engageable against the compressible seal ring.

[0009] In another aspect, a method of forming a valve includes providing a first
body having a first flow passage extending therethrough, and a circumferential ledge
surrounding at least a portion of the first flow passage positioning a seal ring having
an inner circumferential surface and an outer circumferential surface over the
circumferential ledge positioning a split ring having a first portion comprising a first
arcuate inner surface and a second portion having a second arcuate inner surface
over the outer circumferential surface of the seal ring, with the first arcuate inner
surface of the first portion of the split ring contacting a first portion of the outer
circumferential surface of the seal ring and the second arcuate inner surface of the
second portion of the split ring contacting a second portion of the outer circumferential
surface of the seal ring and forming and maintaining a biasing force biasing the first
arcuate inner surface of the first portion of the split ring contacting a first portion of the
outer circumferential surface of the seal ring in the direction of the second portion of
the split ring contacting a second portion of the outer circumferential surface of the

seal ring.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a perspective view of a pressure relief valve;
[0011] Figure 2 is an additional perspective view of a pressure relief valve;

[0012] Figure 3 is a sectional view of the pressure relief valve of Figures 1 and 2

in the closed position;

[0013] Figure 4 is a perspective partial sectional view of the valve of Figures 1 and

2 in the closed position;

[0014] Figure 5is a first end view of the poppet of the valve of Figure 3;
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[0015] Figure 6 is a second end view of the poppet of the valve of Figure 3;
[0016] Figure 7 is a side view of the seal assembly of the valve of Figure 3;
[0017] Figure 8 is a partial sectional view of the seal assembly of Figure 7;

[0018] Figure 9 is a perspective partial sectional view of the valve of Figures 1 and

2 in the open position;

[0019] Figure 10 is a sectional view of the valve of Figures 1 and 2 in the open

position;

[0020] Figure 11 is a partial sectional view of the valve of Figures 1 and 2 showing
the gap formed between the poppet and seal assembly thereof as the valve begins to

open;

[0021] Figure 12 is a sectional view of an additional construct of the valve of

Figures 1 to 3;

[0022] Figure 13 is a sectional view of another additional construct of the valve of

Figures 1 to 3;

[0023] Figure 14 is a detailed view of a conformable seal ring selectively sealing

against a seal ring in the poppet.

DETAILED DESCRIPTION

[0024] Referring initially to Figures 1 and 2, exterior perspective views of a
pressure relief valve 10 are shown. Here, valve 10 includes an inlet body 12 (first
body) connectable to a fluid circuit for relief of an overpressure therein through a valve
inlet 14, and an outlet body 16 (second body) interconnected and secured to inlet
body 12 and connectable to a relatively low pressure, as compared to the fluid
pressure in the fluid circuit, pressure relief volume. To fluidly connect the valve 10 to
a fluid circuit, the inlet body 12 includes an inlet 20, and the outlet body 16 includes
an outlet 22, each of which provide a flow conduit for passage of fluid therethrough

with the interior of the valve 10.
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[0025] As shown in Figure 3, valve 10 here includes, within an inner volume 24
enclosed within the inlet body 12 and outlet body 16, a seal assembly 26, a poppet 28
including a poppet body 30 having a seal 32 received thereon, a flow spider 34 and a
backing ring 36 integrally configured therein, and a biasing member 38 configured to
bias the poppet body 30 and the seal 32 therein in the direction of the seal assembly
26. Additionally, an inner sleeve 40 may be provided within the inner volume 24, if
desired, to protect the inner surfaces of the outlet body 16 from the fluid passing
therethrough in the event of a pressure relief event wherein the valve 10 is used to
pass a high pressure fluid therethrough from the valve inlet 14 to a lower pressure
region at the outlet 22 of valve 10. Here, the sleeve inner circumferential surface 41

defines a poppet bore 39 within which the poppet body 30 can be reciprocated.

[0026] Inlet body 12 is configured of a material such as steel, such as a high
strength alloy steel. It includes an outer surface 42, a first bore 44 having a first
circumference and extending inwardly of the inlet body 12 generally centered about a
valve centerline 46, a second bore 48 having a second circumference greater than
the first circumference, and an annular base wall 50. The second bore 48 includes
an inner second bore wall 52 extending inwardly of the receiving end 54 of the inlet
body 12, which is bounded by an annular end wall 56 surrounding the opening of the
second bore 48 at the receiving end 54 of the inlet body 12. Annular base wall 50
extends generally perpendicular to, and from the inward terminus of, the second bore
wall 52 to the opening of the first bore 44 into the second bore 48. Threads 58 extend
along the inner bore wall 52 from the opening thereof at the annular end wall 56 of the
inlet body 12 and at least partially along the expanse thereof in the direction of annular

base wall 50.

[0027] Outlet body 16 includes an outer wall 60, outlet bore 62 opening into the
outlet body 16 inwardly of the annular outlet end wall thereof, a tapered bore 66
extending inwardly of outlet body 16 therefrom, a spring bore 68 extending inwardly
of outlet body 16 from the tapered bore 66, and major bore 70 extending from the
spring bore 68 and terminating at the second body annular end wall 72. Spring bore
68 is larger in circumference than is outlet bore 62, and major bore 70 is larger in
circumference than spring bore 68. Spring bore 68 is also larger in circumference

than any circumference of the tapered bore 66, and tapered bore 66extends from the
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end of the outlet bore 62 distal to outlet end wall to the spring bore 68. An annular
spring ledge 74 extends from the inner terminus of the tapered bore 66 into the outlet
body 16 to the spring bore 68, generally perpendicular to the valve centerline 46.
Additionally, an annular retainer ledge 76 extends from the opening of the spring bore
68 into the major bore 70 to the inner circumferential surface 78 of the major bore 70.
Outer wall 60 includes a spool 80 surrounding the outlet bore 62 and terminating in a
raised circumferential flange 64, the spool 80 extending from the raised
circumferential flange 64 to an annular outer wall 82. Annular outer wall 82 extends
radially outwardly thereof and terminates at an outer short wall 84, which extends
therefrom and terminates at annular limit wall 86. Annular limit wall 86 extends radially
inwardly from outer short wall 84 to a stub wall 88 which surrounds inner
circumferential surface 78 of the major bore 70, and terminates at the annular end
wall 72. Stub wall 88 is threaded at least from a location thereof adjacent to the
annular limit wall 86 to a location thereof intermediate of annular limit wall 86 and
annular end wall 72. Thus, stub wall 88 may be threaded into the threads of the inner
second bore wall 52 of the inlet body to secure the outlet body 16 to the inlet body 12.
An undercut groove 90 is located on the stub wall 88 between the annular end wall 86

and the beginning of the threaded portion 92 of the stub wall 88.

[0028] The inner circumferential surface 78 of the major bore 70, the annular base
wall of the inlet body 12, the annular retainer ledge 76, annular spring ledge 74 and a
spring bore circumferential wall 94 bound the inner volume 24 of the valve 10 where
the seal assembly 26, poppet 28 and biasing member 38 are maintained. Biasing
member 38 is here configured as a spring coil 100 having a first end 96 in contact with
the annular spring ledge 74 and a second end 98 thereof in contact with the backing
ring 36 of the poppet 28. The spring coil 100 provides a bias against the backing ring
36 in the direction of the inlet 20 where the second end 98 thereof contacts the backing
ring 36 of the poppet 28, to bias the seal 32 carried in the poppet body 30 of the poppet
28 into contact with the seal assembly 26. In this position of the poppet 28, fluid at

the inlet 20 is prevented from passing through the valve 10 to the outlet 22.

[0029] Here, poppet 28 is configured as a unitary member comprising the poppet
body 30 having the seal 32 secured thereto, the backing ring 36, and a plurality of
struts 110 extending between the poppet body 30 and the backing ring 36, the struts
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110 spaced circumferentially about the poppet 28 with flow gaps therebetween. As
shown in Figures 3, 4 and 5, backing ring 36 is a generally disk shaped member
having a plurality of generally circular through passages 104 extending from the outlet
facing side 106 to the inlet facing side 108 thereof. The radially outer region of the
outlet facing side 106 of the backing ring 36 provides the spring engagement surface
114 against which the second end 98 of the biasing member 38 engages. Each of
the through passages 104 is bounded by a first circumferential portion 119 extending
inwardly of the backing ring 36 from the outlet facing side 106 thereof, and an annular
tapered flow wall 112. Each of the through passages 104 is equally spaced from the
two through passages 104 circumferentially adjacent thereto along a bolt circle 118,
and struts 110 extend between the poppet body 30 and the inlet facing side 108 of
the backing ring 36 at a location circumferentially equidistant to one another, along
the bolt circle 118, and thus between each through passage 104. The struts 110
connect the backing ring 36 portion of the poppet 28 to the poppet body 30 of the
poppet 28, and provide the sidewalls of a plurality of poppet bypass flow passages
120.

[0030] Poppet body 30 here includes an annular inlet facing poppet face 122, from
which and into the body extends a first counterbore 124 defining a seal recess
composed of an annular seal support wall 126 at the inward terminus of the first
counterbore 124 and a circumferential seal support wall 128 forming the
circumferential side wall of the first counterbore 124. A circumferential undercut relief
recess 130 extends inwardly of the outer circumferential region of the annular seal
support wall 126 and terminates radially outwardly at the base of the circumferential
seal support wall 128. A second counterbore 132, having a smaller circumference
than the first counterbore 124 and generally centered therein and centered with
respect to the first bore 44 of the inlet body 12 extends inwardly of the poppet body
30 from the first counterbore 124. The second counterbore is bounded by a
counterbore base wall 136, from which extends in the direction of the inlet 20 a
circumferential curved wall 138, from which extends a circumferential second
counterbore wall 134, extending therefrom to the inner radial end of the annular seal
support wall 126. The outer surfaces of the poppet body 30 include a poppet body
major wall 140 extending in a direction away from the annular inlet facing poppet face

122, a chamfered cylindrical wall 142 extending from the end of the poppet body
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major wall 140 distal to the annular inlet facing poppet face 122, an annular outlet
facing wall 144 extending radially inwardly from the end of the chamfered cylindrical
wall 142 distal to the poppet body major wall 140, and a circumferential hub wall

extending therefrom and terminating at a generally circular end wall 146.

[0031] The struts 110 are an intebgral part of the poppet 28 and interconnect the
poppet body 30 to the backing ring 36, such that the poppet body 30 is spaced from
the inner circumferential surface 78 of the major bore 70 to form a portion of the
plurality of poppet bypass passages 120. Here, each strut 110 has a generally planar
aspect having opposed, parallel first and second side walls 148, 150 (Figures 4 and
6), wherein each second side wall 150 of a strut 110 faces along the circumference of
the poppet body major wall 140 the first side wall of the nearest another strut 110. The
radially inner ends of each of the first and second side walls terminate at the
intersection thereof with the poppet body major wall 140 and the chamfered cylindrical
wall 142. The outlet facing end 152 of each of the struts 110 generally extends from
adjacent the intersection of the chamfered cylindrical wall 142 with the annular outlet
facing wall 144. A portion of each strut 110 extends along a portion of the poppet
body major wall 140, and radially outwardly therefrom, which portion terminates at an
inlet facing end wall 154. A short shoulder wall 158 extends between the outer strut
wall 156 and the inlet facing side 108 of the backing ring 36. The inner circumferential
surface 78, and each of the arcs of the outer strut walls 156, extend in a circumferential
direction centered about the valve centerline 46. The outer circumferential surface
190 of the support ring 36 extends along a diameter generally centered on the valve
centerline 46. The struts 110 center the poppet body 30, and thus the seal 32 carried
therein, with respect to the opening of the first bore 44 through the annular base wall
50.

In the aspect of the valve 10 shown in Figure 3, an optional inner sleeve 40 is
disposed between the outer strut wall 156 and the inner circumferential surface 78 of
the outlet body 16. This inner sleeve 40 includes an inner circumferential sleeve
wall 164, an outer circumferential sleeve wall 166 facing the inner circumferential
surface 78 of the outlet body 16, a first sleeve end wall 168 facing and contacting
the annular retainer ledge 76, and a second sleeve end wall 170 facing, and

contacting, the seal assembly 26. The outer circumferential sleeve wall 166 is
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centered about valve centerline 46 and the diameter thereof is sized 3to 5
thousandths of an inch smaller than the diameter of the inner circumferential surface
78. The inner circumferential sleeve wall 164 is likewise centered about the valve
centerline 46 and is sized 3 to 5 thousandths of an inch smaller than the diameter of
the outer circumferential surface 190 of the support ring and of a circle connecting
the curved outer surfaces of the struts 110. Thus, sleeve 162, where used, can be
inserted into the major bore 70 of the outlet body 16, and poppet body 30 can move
within and respect to the sleeve 162 while the struts 110 support the poppet body
radially spaced from the sleeve 162. Alternatively, the inner sleeve 40 may not be
used, and the diameter of the outer circumferential surface 190 of the support ring
and of a circle connecting the curved outer surfaces of the struts 110 are sized 3 to
5 thousandths of an inch smaller than the diameter of the inner circumferential
surface 78.

Seal 32 here is configured of a single crystal material, preferably a corundum
material, such as a grown single crystal corundum known as sapphire or ruby. Seal
32 here includes an outer cylindrical seal surface 172 facing the circumferential seal
support wall 128, an inner circumferential seal surface 174, a first seal annular side
wall 176 facing the annular seal support wall 126, and a second seal annular side
wall 178 facing the seal assembly 26. Here, the seal 32 is press fit into the seal
recess defined by the annular seal support wall 126 circumferential seal support wall
128. Thus in a free state, before being press fit into the seal recess defined by the
annular seal support wall 126 circumferential seal support wall 128, the outer
circumferential seal surface 172 has a greater diameter than the diameter of the
circumferential seal support wall 128, and the pressing of the seal 32 into the seal
recess results in an interference fit securing the seal 32 in the seal recess.
Alternatively, the poppet body 30 can be heated to increase the diameter of the
circumferential seal support wall 128 to be greater than the outer diameter of the
outer circumferential seal surface 172 and the seal 32 placed into the seal recess
and the poppet body 30 cooled to shrink and thereby secure the seal assembly 26
therein. The seal 32 may be configured as a rectangle, in section, where each face
of the rectangle join at a right angle, or otherwise. For example, as shown in Figure
3, the seal 32 may be a ring having a frustoconical second annular side wall 178 for

engagement against the conformable seal ring 184. Here, the outer circumferential
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seal surface 172 extends further from the first annular side wall 176 of the seal than
does the inner circumferential seal surface 174.

[0032] Seal assembly 26 here includes a guide hub 180 including a guide hub boss
182, over which is piloted a conformable seal ring 184, and two halves of a split ring
186 disposed between the seal ring outer circumferential surface 188 and the inner
circumferential sleeve wall 164 of the inner sleeve 40. Spilit ring 186 is configured to
radially inwardly bias the conformable seal ring 184. Where the inner sleeve 40 is not
used, the split ring assembly is disposed between the seal ring outer circumferential

surface 188 and the inner circumferential surface 78 of the major bore 70.

[0033] Guide hub 180 is a generally annular disk shaped member, having an inner
circumferential hub bore bounded by an inner spool bore surface 192, which extends
from an inlet side annular wall 194 to an outlet side annular wall 196 of the guide hub
180. A hub flange 198 extends radially outwardly from the base of the guide hub boss
182 and radially outwardly therefrom to guide hub outer circumferential surface 200.
Here, the diameter of the hub bore 190 is substantially the same or larger than the
diameter of the first bore 44 of the inlet 20, such that the inlet side annular wall 194
does not extend radially inwardly of the first bore 44 of the inlet 20. Guide hub outer
circumferential surface 200 includes a circumferential seal ring groove 202 extending
inwardly thereof, within which a seal, such as an O-ring, or an O-ring with a backing
ring or backing rings, is disposed. On the outlet facing side of the hub flange 198 is
provided a stepped surface 2086, including an inner first portion 208 extending radially
outwardly from the base of the guide hub boss 182, a recessed outer second portion
210 extending radially inwardly from the guide hub outer circumferential surface 200,
and a circumferential undercut surface 212 extending between the radially outwardly
of the guide boss end 214 of the first portion 208 and the radially inwardly of the outer

circumferential surface end 216 of the second portion 210.

[0034] AsshowninFigure 7, split ring 186 here is configured of two half rings 218a,
b, wherein each half ring has the same cross sectional profile and the half rings 218a,
b are provided by machining the profile thereof into a continuous annular ring and
cutting the continuous ring into two halves, or into two equal or nearly equal in
circumferential length half rings 218a, b. Each half ring 218a, b is substantially

identical. As shown in Figure 8, the outer contour or profile of the split rings 186, here

10
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half ring 218a includes an outer semi-circumferential surface 220, an inner contoured
circumferential wall 222, an undercut first annular side face 224 extending between
the outer semi-circumferential surface 220 and the inner contoured circumferential
wall 222, and an opposed second annular side face 226 extending between the outer
semi-circumferential surface 220 and the inner contoured circumferential wall 222.
First annular side face 224 includes a radially outwardly located raised surface 228
extending radially inwardly from the outer semi-circumferential surface 220, a radially
inwardly located recessed surface 230 extending radially outwardly of the inner
contoured circumferencial wall 222, and an angled surface 232 extending between
the radially outer terminus of the recessed surface 230 and the radially inner terminus
236 of the raised surface 228. The outer terminus of the of the recessed surface 230
extends further from the split ring centerline 234 than does the inner terminus 236 of
the raised surface 228, and thus a portion of the raised surface 228 extends over a
portion of the recessed surface 230. Thus, the angled surface 238 provides a partial
frustoconical ledge that comes into contact with the circumferential undercut surface
212 which provides a mating frustoconical surface to contact the angled surface 238.
As the half rings 218a, b are pressed to bring their facing end walls 240a, b at opposed
ends of each of the spilt rings together, the angled surface 238 slides along the
undercut surface 212 to cause the raised surface 228 of the half rings 218a, b to move
toward the circumferential undercut surface 212 of the guide hub, and the recessed
surface 230 of each half ring 218a, b to move toward the first portion 208 of the
stepped surface 206 and the raised surface 218 of each half ring 218a, b to move
toward the outer second portion 210 of the stepped surface 206 of the guide hub 180.
The contact of one of the raised surface 218 of each half ring 218a, b with the outer
second portion 210 of the stepped surface of the guide hub 180 or the recessed
surface 230 of each half ring 218a, b with the inner first inner portion of the guide hub,
or both, limits the radially inward travel of the an inner contoured circumferential wall
222 toward the valve centerline 46. Here, the guide hub boss 182 has about its outer
circumference a seal support wall, on which the conformable seal ring 184 is piloted.
Movement of the conformable seal ring 184 over the guide hub boss 182 is limited by
the contact of the seal against the first portion 208 of the stepped the inner contoured
circumferential wall 222 surface 206 of the guide hub 180. Thus, radially inward

moving of the half rings 218a, b contacts the inner contoured circumferential walls 222
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of the half rings 218a, b with the seal ring outer circumferential surface 232. Here, the
inner contoured circumferential wall 222 of each half ring 218a, b includes a first half
ring inner wall surface 242 generally parallel to the split ring centerline 234, a second
half ring inner wall surface 244 extending generally parallel to the split ring centerline
234, and a taper wall 246 extending at an oblique angle to the split ring centerline 234
and connecting the adjacent ends of the first and second split ring inner wall surfaces
242, 244, Here, the first split ring inner wall surface 242 extends in an arc centered
at the split ring centerline 234 which is shorter than the length of an arc centered at
the split ring centerline 234 along which the second inner split ring surface 238
extends. Thus, the first half ring inner wall surface 242 will contact the seal before the
second half ring inner wall surface 244 can contact the seal ring 184, to allow a portion
of the seal ring 184 to form a retaining bulge 248 therein when the half rings 218a, b
are connected over the guide hub 180 as shown in Figure 3. This retaining bulge 248
is bounded in part by the taper wall 246 of the half rings 218a, b, which prevents the
conformable seal ring 184 from lifting off of the inner first portion 208 of the stepped
portion of the guide hub 180.

[0035] The second annular side face 226 of the half rings 218a, b here include an
integral flow guide surface 250 and sleeve recess 252 formed thereon. Thus, second
annular side face 226 is configured with a first flow surface 254 extending generally
perpendicular to the split ring 196 centerline 235 and radially outwardly from the
intersection of the second annular side face 226 with the first half ring inner wall
surface 242. First flow surface 254 extends from the intersection thereof with the first
half ring inner wall surface 242 to a frustoconical second flow surface 256, which
extends radially outwardly therefrom to an inwardly projecting guide ledge 258
extending from the radially outward end of the second flow surface 256 inwardly of
the half rings 218a, b. Guide ledge 258 is a surface extending generally parallel to
the split ring centerline 234, and terminates at a sleeve limit wall 260 extending radially
outwardly thereof, generally perpendicular to the split ring centerline 234, which ends
at the outer semi-circumferencial surface 220 of the half rings 218a, b. Guide ledge
258 is configured to extend over the outer surface of the inner circumferential sleeve
wall 176 of inner sleeve for a portion thereof inwardly thereof from the second sleeve
end wall 170.

12
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[0036] Referring to Figures 3, 9 and 10, the valve 10 is shown in a closed position
in Figure 3 where the poppet body 30 has biased the seal 32 thereof against the seal
ring 184 and thus prevent fluid flow from the inlet 20 to the outlet 22 of the valve 10,
and in the fully open position in Figure 9 and 10 where the poppet 28 is fully retracted
away from the seal assembly 26 to the greatest extent possible. In the valve 10 closed
position, the biasing member 38 provides a biasing force to bias the poppet body 30
toward the inlet 20, and thus the seal 32 against the seal ring 184. Here, if the
pressure in the first bore 44 (the inlet 20) is of a sufficiently high magnitude, this
pressure bearing against the counterbore base wall 136 and circumferential curved
wall 138 can be sufficient to create a biasing force against the force of the biasing
member 38 greater than the counter-biasing force of the biasing member 38, causing
the poppet body 30 and thus the poppet 28 to move in the direction of the outlet 22,
pulling the seal 32 away from the seal ring 184 and allowing fluid flow from the inlet
20 to the outlet 22.

[0037] As the poppet 28 begins moving away from the seal assembly 26, such that
the poppet 28 is positioned within the inner volume 24 to locate the seal 32 in the
poppet body 30 spaced from the seal ring 184, a circumferential gap 262 is created
between the annular side wall 178 of the seal 32 and the facing annular seating
surface 264 of the conformable seal ring 184. Initially, the higher pressure fluid at the
inlet 20, of which the pressure is higher as compared to the pressure of the fluid
present in the outlet bore 62, is now able to flow inwardly of the inlet 20, then in a
radially outward direction through the circumferential gap 262, where it continues to
flow through the poppet bypass passages 120 and the through passages 104 and into
the major bore 70, spring bore 68 and tapered bore 66 and thence through the outlet
bore 62 to the outlet 22. As the fluid flow from the inlet 20 to the outlet initiates, the
size of the gap 262 between the seal 32 and the seal ring 184 and between the inlet
facing poppet face 122 and the integral flow guide surface 250 is small, and thus the
circumferential gap 262 is small in the direction of the valve centerline 46 as shown in
Figure 11. Here, where the gap 262 is small, the second flow surface 256 of the half
rings 218a, b functions to redirect the flow from a radial direction perpendicular to the
valve centerline 46 to a flow partially in the direction of the longitudinal axis as shown
by the arrows F in figure 11, representing the flow path as the gap 262 is just formed.

The fluid flowing through the gap 262 is flowing generally parallel to the gap-facing

13
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surface of the seal 32 and seal ring 184, and the gap facing surfaces of the between
the inlet facing poppet face 122 and the integral flow guide surface 250. As the fluid
passes further radially outwardly, it obliquely impinges upon the second flow surface
256, which redirects it to be directed at a non-perpendicular angle against the inner
surface of the inner sleeve 40 or the inner circumferential surface 78 of the outlet body
16. As the impact angle of the flow against the inner surface of the inner sleeve 40 or
the inner circumferential surface 78 of the outlet body 16 where inner sleeve 40 is not
present is lower than 90 degrees, the impact energy of the fluid and the abrasives
therein against those surfaces is reduced, resulting in reduced erosion of these

surfaces.

[0038] The width of the gap 262 between the poppet body 30 and the seal
assembly 26 is a function of the pressure difference between the inlet 20 and the
outlet 22, where the greater the pressure in the inlet is higher than the pressure at the
outlet, the farther in the direction of the outlet 22 the poppet 28 will move, limited to its
maximum stroke or movement distance where the biasing member 38 can be no
further compressed. The flow of the fluid from the inlet 20 to the outlet 22 when the
valve is in the open condition shown in Figures 9 to 11 will result in reduced fluid
pressure at the inlet 20, and as the pressure is reduced at the inlet 20, the bias force
of the fluid pressure at the inlet pushing against the counterbore base wall 136 and
circumferential curved wall 138 will become insufficient to compress the spring of the
biasing member 38, causing the biasing member 38 to push the poppet 28 in the
direction of the inlet 20, thereby pressing the annular side wall 178 of the seal 32
against the facing annular seating surface 264 of the conformable seal ring 184 to
seal off the inlet 20 from the outlet 22.

[0039] Figure 12 is a sectional view of the valve 10, showing additional or
alternative aspects thereof. Here, the circumferential seal support wall 128 forming
the circumferential side wall of the first counterbore 124 includes a seal circumferential
sidewall seal groove 278 extending thereinto, circumferentially. A seal circumferential
sidewall seal ring 280 is received in the seal circumferential sidewall seal groove 278,
to form a seal between the outer circumferential surface 282 of the seal 32 element
and the circumferential seal support wall 128. The seal circumferential sidewall seal

ring 280 is received in the seal circumferential sidewall seal groove 278 can be sized
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to slightly space the outer circumferential surface 282 of the seal 32 from the
circumferential seal support wall 128 to allow the seal 32 to float therein, allowing for
the seal 32 to tilt or cock with respect to the circumferential seal support wall 128 as
it is engaged against the conformable seal ring 184. Additionally, the seal
circumferential sidewall seal ring 280 can be configured to be squeezed between the
seal out circumferential surface 282 and the base of, or base and sidewall of, the seal
circumferential sidewall seal groove 278, sufficiently to maintain the seal 32 in the seal
recess composed of an annular seal support wall 126 at the inward terminus of the
first counterbore 124 and a circumferential seal support wall 128 forming the

circumferential side wall of the counterbore 124.

[0040] Additionally, the outer circumferential surface of the inner sleeve 40
includes a circumferential sleeve seal groove 272 extending therein, circumferentially
around the outer circumferential surface of the inner sleeve 40, and a seal ring 274,
such as an O-ring, is received thereinto, to form a seal between the outer
circumferential surface of the inner sleeve 40 and the inner circumferential surface 78

of the major bore 70 of the outlet body 16.

[0041] Figure 13 is a further sectional view of the valve 10, showing additional or
alternative aspects thereof. Here, the outlet body 16 is modified, as compared to that
of Figure 3, so that the major bore 70 extends from the inner terminus, within the outlet
body 18, of the tapered bore 66 and inwardly of the outlet body 16 therefrom, a spring
bore 68 extending inwardly of outlet body 16 from the tapered bore 66, terminating at
the second body annular end wall 72. Here, the inner circumferential surface 41 of
the poppet bore 39 does not extend all the way through the inner sleeve 40 in the
direction of the centerline 46, as the spring bore 68 of the outlet body 18 is here
located within the inner sleeve 40. Thus, the inner volume of the inner sleeve 40 is
here defined by a sleeve outlet bore 284 extending inwardly from the direction of the
tapered bore defined by an sleeve outlet bore circumferential surface 286 extending
thereabout, the poppet bore 39 extending inwardly of the sleeve from end of the inner
sleeve 40 facing the valve 10 inlet 20, and a sleeve spring bore 288 interposed
between the sleeve outlet bore 284 and the poppet bore 39. Sleeve spring bore has
an intermediate diameter of circumference between the smaller in diameter or

circumference sleeve outlet bore 284 and the larger in diameter or circumference
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poppet bore 39. Sleeve spring bore is defined by a sleeve spring circumferential wall
294 extending from the inner circumference of a first annular sleeve ledge 290
extending radially inwardly from the inner terminus of the poppet bore 39 to the outer
circumference of a second annular sleeve ledge 292 extending radially outwardly from
the inner terminus of the sleeve outlet bore 284. Second annular sleeve ledge 292
provides a support ledge against which the end of the biasing member 38 opposite

from the poppet body 30 is grounded.

[0042] Also, here the circumferential seal support wall 128 forming the
circumferential side wall of the counterbore 124 includes the seal circumferential
sidewall seal groove 278 extending thereinto, and the surface 282 of the seal 32
element and the circumferential seal support wall 128. seal circumferential sidewall
seal ring 280 such as an O-ring, received in the seal circumferential sidewall seal
groove 278, to form a seal between the outer circumferential The seal circumferential
sidewall seal ring 280 is received in the seal circumferential sidewall seal groove 278
can be sized to slightly space the outer circumferential surface 282 of the seal 32 from
the circumferential seal support wall 128 to allow the seal 32 to float therein, allowing
for the seal 32 to tilt or cock with respect to the circumferential seal support wall 128
as it is engaged against the conformable seal ring 184. Additionally, the seal
circumferential sidewall seal ring 280 can be configured to be squeezed between the
seal out circumferential surface 282 and the base of, or base and sidewall of, the seal
circumferential sidewall seal groove 278, sufficiently to maintain the seal 32 in the seal
recess composed of an annular seal support wall 126 at the inward terminus of the
first counterbore 124 and a circumferential seal support wall 128 forming the

circumferential side wall of the counterbore 124.

[0043] Additionally, the outer circumferential surface of the inner sleeve 40
includes the circumferential sleeve seal groove 272 extending therein,
circumferentially around the outer circumferential surface of the inner sleeve 40, and
the seal ring 274, such as an O-ring, is received thereinto, to form a seal between the
outer circumferential surface of the inner sleeve 40 and the inner circumferential

surface 78 of the major bore 70 of the outlet body 16.

[0044] Figure 14 depicts an additional aspect of the conformable seal ring 184,

wherein the conformable annular seal surface 192 thereof includes one or more
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circumferential protrusions or ridges 191 extending outwardly in the direction of seal
32, to seal against the facing surface of seal 32. Here, the second annular side wall
178 facing surface of the seal 32 does not have the frustoconical aspect thereof in
Figure 3, but it may be configured to be frustoconical here as well. Additionally, the
conformable annular seal surface 192 of the conformable seal ring 184 is shown as
being frustoconical, although it can be configured such the base 195 thereof, from
which the ridges 191 extend, can be at a right angle to the outer circumferential face

thereof. .

[0045] The poppet body 30 here is configured to create a stagnation region 270 in
the second counterbore 132 where the fluid flowing from the inlet 20 through the
through the circumferential gap 262 fills the second counterbore 132 but either comes
to rest, or is moving relatively slowly, along the surfaces of the second counterbore
132. This reduces the erosion on the surfaces of the poppet 28 facing the inlet 20 as
compared to a poppet having a flat surface facing the inlet 20. Additionally, the fluid
velocity will be greatest along and generally parallel to the second seal annular side
wall 178, where the corundum material presents high resistance to erosion. Thus, the
valve 10 provides a number of features resulting in lower wear of the components
thereof as compared to traditional poppet valves, including the use of a corundum
seal 32 on the poppet 28, and the flow directing features of the seal assembly 26.
Additionally, the use of a corundum seal contacting a conformable seal ring 184
configured of, for example, PEEK, Delran, engineered plastics or polymers, or an
elastomer, allows the facing surfaces of the seal 32 and seal ring 184 to seal with
particulates therebetween, as the seal ring 184 will conform and compress over the
particulate materials and still contact the facing surface of the seal. The use of a
poppet 28 having struts 110 to center the poppet 28 in the valve inner volume 24
reduces the friction between the poppet and the inner surface of the outlet body 16,
or of the inner sleeve 40 where used, and, the relatively area of the facing surfaces of
the struts 110 and the inner surface of the outlet body 16 or inner sleeve 40 reduces
the likelihood that the poppet 28 will become jammed in the valve due to particulates
present between the struts and the facing surface of the outlet body 16 or inner sleeve
40. Additionally, the construct of the poppet 28 facing the inlet 20 to cause flow to
stagnate thereat reduces the erosion of the front face of the poppet 28. These and

other features of the disclosure are found in the appended claims.
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What is claimed is:

1. A valve comprising:

a first body having an inlet and a ledge surrounding the inlet at a location
inwardly of the body;

a second body having an outlet and a poppet bore having a circumferential
poppet bore surface;

a poppet located in the poppet bore and having a sealing face, the sealing
face facing the ledge of the first body; and

a sealing arrangement comprising;

a circumferential support surface;

a compressible seal ring having an uncompressed free state and a
compressed state, an outer circumferential surface, and an inner circumferential
surface facing the circumferential support surface; and

a split ring disposed over the outer circumferential surface of the
compressible seal ring, the compressible seal ring in a compressed state between

the split ring and the inner circumferential surface.

2. The valve of claim 1, wherein an annular gap having an annular length that
extends between the circumferential support surface and the circumferential poppet
bore surface;

the seal ring, in the free state, has a first annular thickness; and

the split ring has a second annular thickness; and

the sum of the first and second thickness is greater than the thickness A.
3. The valve of claim 1, wherein the split ring further comprises an inner annular
face having a first inner circumferential wall and a second inner circumferential wall,

the second inner circumferential wall having a frustoconical profile.

4. The valve of claim 3, wherein the second annular wall faces toward the inlet
of the first body.
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5. The valve of claim 1, further comprising a seal support plate, wherein the
circumferential support surface is a projection of a portion of the seal support plate;
and,
the seal support plate further comprises a first annular seating surface
extending radially outwardly of the circumferential support surface, a second annular
surface extending radially outwardly of the first annular surface, and an undercut
portion extending between the outer circumference of the first surface and the inner

circumference of the second annular surface.

6. The valve of claim 5, wherein the inner circumference of the second annular
surface has a smaller diameter than the diameter of the outer circumference of the

first annular surface.

7. The valve of claim 1, wherein the circumferential support surface comprises a
base and a projection projecting outwardly of the base and inwardly of the

compressible seal ring.

8. A valve, comprising;

a first body having an inlet and a ledge surrounding the inlet at a location
inwardly of the body;

a second body having an outlet and a poppet bore having a circumferential
poppet bore surface;

a poppet located in the poppet bore and having a sealing face, the sealing
face facing the ledge of the first body and comprising at least one of a single crystal
sapphire ring or a single crystal ruby ring having a seal ring annular surface facing
the inlet;

a sealing arrangement comprising a circumferential support surface, and a
compressible seal ring; and

a biasing member biasing the poppet in the direction of the inlet, wherein the
seal ring annular surface is selectively engageable against the compressible seal

ring.
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9. The valve of claim 8, further comprising a poppet guide disposed in the
poppet bore, the poppet guide including at least one flow passage extending

thereinto and in fluid communication with the outlet.

10.  The valve of claim 9, wherein the poppet guide further comprises a central
guide bore, and the poppet includes a guide boss extending inwardly of the guide

bore.

11.  The valve of claim 8, further comprising an annular sleeve extending between

the poppet guide and the circumferential poppet bore surface.

12.  The valve of claim 8, further comprising a spring seat disposed on the poppet
guide radially outwardly of the location of the guide boss extending inwardly of the

guide bore.

13.  The valve of claim 11, wherein the second body further includes:

an outlet bore extending thereinto from the outlet;

an inner annular ledge surrounding outlet bore;

a second annular ledge surrounding the first annular ledge and terminating at
the circumferential poppet bore surface;

wherein a first annular end surface of the annular sleeve contacts the second

annular ledge.

14.  The valve of claim 13, further comprising a biasing ring, the biasing ring
surrounding the compressible seal, and a second end of the annular sleeve contacts

the biasing ring.
15.  The valve of claim 14, wherein the biasing ring includes an outer

circumferential notch, and the second end of the annular sleeve extends inwardly of

the annular notch.
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16.  The valve of claim 13, wherein the poppet guide further comprises an annular
bias ledge facing away from the inlet, and the biasing member extends between the

first annular ledge and the bias ledge.

17.  Avalve, comprising;

a first body having an inlet and a ledge surrounding the inlet at a location
inwardly of the body;

a second body having an outlet and a poppet bore having a circumferential
poppet bore surface;

a poppet located in the poppet bore and having an annular sealing face, the
sealing face facing the ledge of the first body; and

a sealing arrangement comprising a circumferential support surface, and a
compressible seal ring;

a poppet guide, the poppet guide comprising a central bore and a plurality of
flow passages extending therethrough and circumferentially spaced from one
another about the central bore; and

a biasing member configured to bias the annular sealing face in the direction

of the compressible seal ring.

18.  The valve of claim 17, wherein the poppet further includes a boss extending
therefrom in a direction away from the annular sealing face; and

the boss extends inwardly of the central bore of the poppet guide.

19.  The valve of claim 17, wherein at least one of the plurality of passages is

bounded, in part, by a surface of the poppet guide and in part by a surface of the
poppet.

20.  The valve of claim 18, further comprising an annular biasing ring contacting a

portion of the biasing member.
21.  The valve of claim 20, wherein at least one of the plurality of passages is

bounded, in part, by a surface of the poppet guide, in part by a surface of the

annular biasing ring, and in part by a surface of the poppet.
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22.  The valve of claim 17, wherein the poppet guide includes an outer cylindrical
guide surface facing circumferential poppet bore surface; and

an annular sleeve extends along at least a portion of the circumferential
poppet bore surface and between the outer cylindrical guide surface and the

circumferential poppet bore surface.

23. A method of forming a valve, comprising:

providing a first body having a first flow passage extending therethrough, and
a circumferential ledge surrounding at least a portion of the first flow passage;

positioning a seal ring having an inner circumferential surface and an outer
circumferential surface over the circumferential ledge; and

positioning a split ring having a first portion comprising a first arcuate inner
surface and a second portion having a second arcuate inner surface over the outer
circumferential surface of the seal ring, with the first arcuate inner surface of the first
portion of the split ring contacting a first portion of the outer circumferential surface
of the seal ring and the second arcuate inner surface of the second portion of the
split ring contacting a second portion of the outer circumferential surface of the seal
ring; and

forming and maintaining a biasing force biasing the first arcuate inner surface
of the first portion of the split ring contacting a first portion of the outer
circumferential surface of the seal ring in the direction of the second portion of the
split ring contacting a second portion of the outer circumferential surface of the seal

ring

24.  The method of claim 23, further comprising

providing the first portion of the split ring with a first outer surface and the
second portions of the split ring with a second outer surface,

positioning the inner circumferential surface of the seal ring over the
circumferential ledge; and

providing a first inner circumferential surface of the first flow passage in the

first body; and
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positioning the split ring in the flow passage, wherein the first outer surface of
the first portion of the split ring contacts a first portion of the inner circumferential
wall and the second outer surface of the second portion of the split ring contacts a

second portion of the inner circumferential wall of the first flow passage.

25.  The method of claim 24, further comprising providing a liner over the inner
circumferential portion of the flow passage, liner contacting a side surface of the first

and the second portions of the split ring.

26.  The method of claim 14, further comprising:
positioning a seal support plate inwardly of the first flow passage, wherein the
circumferential ledge surrounding at least a portion of the first flow passage is

provided on the seal support plate.

27.  The method of claim 23, further comprising:

providing an annularly extending seal surface on the seal ring;

providing a poppet, having a single crystal sealing face thereon, within the
first flow passage, the single crystal sealing face facing, and selectively engageable

against, the annularly extending seal surface of the seal ring.

28.  The method of claim 27, further comprising:
providing a guide sleeve;
positioning at least a portion of the poppet within the guide sleeve; and

providing at least one guide sleeve flow passage integral of the guide sleeve.

29.  The method of claim 27, further comprising providing a biasing ring on the

guide sleeve.

30. A valve, comprising;

a first body having an inlet and a ledge surrounding the inlet at a location
inwardly of the body;

a second body having an outlet and a poppet bore having a circumferential

poppet bore surface;
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a poppet located in the poppet bore, the poppet comprising:
a sealing face, the sealing face facing the ledge of the first body; and
a recess extending inwardly of the poppet and terminating at a base
thereof, the base facing the inlet, the sealing face extending around the
recess at a location intermediate of the base and the inlet;
a sealing arrangement comprising a circumferential support surface, and a
compressible seal ring;
a biasing member biasing the poppet in the direction of the inlet, wherein the
seal ring annular surface is selectively engageable against the compressible seal

ring.

31.  The valve of claim 30, wherein the recess forms, when exposed to fluid flow

from the inlet, a stagnation point downstream of the sealing face.
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