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Disclosed are a valve seat ring and a multi-way valve having the valve seat ring. The multi-way valve comprises an upper valve
body, a lower valve body and a rotary valve core, wherein the valve seat ring Is located in the rotary valve core, the valve seat ring
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(57) Abrege(suite)/Abstract(continued):

comprises a body, the body Is provided with a penetrated through- hole, a first annular boss Is arranged on an outer wall of the
body, and a second annular boss Is arranged on an inner wall; the upper surfaces of the first annular boss and the second annular
boss are respectively flush with the upper surface of the body to form a sealing surface which fits with a sealing surface of the upper
valve body In a sealed manner; and an annular gap Is formed between the lower surface of the first annular boss and the rotary
valve core, so that liquid in the chamber and an oll iIncoming channel respectively acts on the lower surface of the first annular boss
or the second annular boss to form a sealing load. A pressure Is applied from either the chamber or a metering orifice, a sealing
load hydraulically acted on the valve seat ring Is formed by the hydraulic acting force of the chamber or the metering orifice, and the
hydraulic adaptabllity for sealing the valve seat ring Is realized, thereby meeting the requirement of sealing in the multi-way valve at
the leakage level of sealing level VI under a high-pressure difference.




CA 029551584 2016-12-08
!

ABSTRACT

Disclosed are a valve seat ring and a multi-way valve having the valve seat ring.
The multi-way valve comprises an upper valve body, a lower valve body and a rotary
valve core, wherein the valve seat ring is located in the rotary valve core, the valve
seat ring comprises a body, the body 1s providéd with a penetrated through-hole, a
first annular boss 1s arranged on an outer wall of the body, and a second annular boss
is arranged on an inner wall; the upper surfaces of the first annular boss and the
second annular boss are respectively flush with the upper surface of the body to form
a sealing surface which fits with a sealing surface of the upper valve body in a sealed
manner; and an annular gap 1s formed between the lower surface of the first annular
boss and the rotary valve core, so that liquid in the chamber and an oil incoming
channel respectively acts on the lower surface of the first annular boss or the second
annular boss to form a sealing load. A pressure 1s applied from either the chamber or a
metering orifice, a sealing load hydraulically acted on the valve seat ring is formed by
the hydraulic acting force of the chamber or the metering orifice, and the hydraulic
adaptability for sealing the valve seat ring 1s realized, thereby meeting the
requirement of sealing 1in the multi-way valve at the leakage level of sealing level VI

under a high-pressure difference.



CA 023851584 2016~12-08

A VALVE SEAT RING AND A MULTI-WAY VALVE HAVING VALVE SEAT
RING

Technical field

The invention relates to a valve seat ring, and more particularly to a valve seat
ring on a multi-way valve of a petroleum, chemical engineering and natural gas

metering station and a multi-way valve having the valve seat ring.
Background of the invention

A multi-valve is generally used for taking turns metering single well production
of the well, in order to obtain dynamic well production data. The valve core of the
multi-way valve is provided with a valve seat ring, and the sealing surface of the
valve seat ring is closely fitted with a sealing surface of the upper valve body.
Currently, the sealing surface of the existing valve seat ring 1s welded / surfacing
welded with cemented carbide or cermet, such as what 1s disclosed in the Chinese
patent application 71.200420006528.1, Chinese patent application
Z1.200620167076.4 and Chinese patent application Z1.200920291629 .0.

In the normal operation of the multi-way valve, the valve seat ring makes
circular motion around a shaft core of the valve core on the sealing surface of the
upper valve body, and the sealing pressure ratio of the sealing surface of the valve
seat ring to the sealing surface of the upper valve body 1s mainly provided by a disc
spring, therefore, due to the limitations of the elastic force of the disc spring, the
existing multi-way valve can only meet the requirement of internal sealing test under
low differential-pressure (DP). When the testing differential-pressure (DP) between
the gathering and transportation orifice and the metering orifice of a multi-way valve
1S up to 6.9 MPa, 1.e., 1000 psi or even higher; it 1s far from meeting the leakage
requirements of Leakage Level ANSI FCI-70.2 by providing the sealing pressure ratio
only by the disc spring. Moreover, as for the structure of the traditional valve seat ring,

the sealing band on sealing surface thereof 1s relatively wide, which results in that the

force bearing area of the sealing 1s too large, and the power necessary to attain the



attain the sealing pressure ratio required by the sealing of Level VI is large. In this way, as the
moment needed to be provided to drive the valve core to rotate becomes larger, especially under
the working condition of high pressure, the larger the driving moment is, the larger the shaft
diameter of the shaft core needed for transmitting the moment is, which is bad for the structural
design ot the valve body of the multi-way valve and it needs to select driving electronic

assembly with higher power.
Summary of the invention

In view of the above-mentioned problems existing in the prior art, the technical problem to
be solved by the present invention 1s to provide a valve seat ring capable of realizing

self-adaptive sealing by hydraulic pressure, so as to improve the internal sealing pressure ratio of

In order to solve the above technical problem, the present invention adopts the following
technical solution: a valve seat ring for use in a multi-way valve, the multi-way valve comprises
an upper valve body, a lower valve body, and a rotary valve core, the lower valve body is
provided with a chamber therein, the upper valve body is provided with a plurality of incoming
o1l channels which penetrate 1nto the chamber, the valve seat ring is provided in the rotary valve
core and clings to a sealing surface of the upper valve body, wherein,

the valve seat ring includes a cylindrical body for fitting into the rotary valve core, and the
cylindrical body has a through-hole, which penetrates in an axial direction thereof and is able to
be communicated with the incoming oil channel, wherein a first annular boss is arranged on an
outer wall of the cylindrical body, and a second annular boss is arranged on an inner wall of the
cylindrical body; both an upper surface of the first annular boss and an upper surface of the
second annular boss are flush with an upper surface of the cylindrical body to form a sealing
surface which clings to the sealing surface of the upper valve body in a sealed manner: an
annular gap 1s formed between a lower surface of the first annular boss and the rotary valve core,

the annular gap exposing to liquid in the chamber so that the liquid acts on the lower surface of

the first annular boss to form a scaling load; and a lower surface of the second annular boss
2
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exposes to liquid 1n the incoming o1l channel so that the liquid acts on the lower surface of the
second annular boss to form a sealing load.

Preterably, the cross-sectional shape of the oil incoming channel is circular in the multi-way
valve, and the shapes of the first annular boss and the second annular boss are of an annular
shape that adapts to the shape of the incoming oil channel.

Preterably, the cross-sectional shape of the horizontal section of the incoming oil channel is
circular and the cross-sectional shape of the vertical section is of a fan-shape in the multi-way
valve, wherein the shapes ot the first annular boss and the second annular boss are of a fan shape
that adapts to the cross-sectional shape of the vertical section of the incoming oil channel.

Preferably, the upper surface of the first annular boss is provided with at least one annular
reCess.

Preferably, there are 1 to 2 annular recesses.

Preferably, the cross-sectional shape of the annular recess is of a U-shape and the depth of
the annular recess 1s 0.05mm to 0.2mm.

Preferably, the first annular boss and the second annular boss are integrally formed with the
body.

The present invention also discloses a multi-way valve comprising an upper valve body, a
lower valve body and a rotary valve core. The lower valve body 1s provided with a chamber
therein, and the upper valve body 1s provided therein with a plurality of incoming oil channels
penetrating into the chamber. The multi-way valve further comprises the valve seat ring
described above, wherein the body of the valve seat ring is provided in the rotary valve core, and
the sealing surface of the valve seat ring clings to the sealing surface of the upper valve body in a
sealed manner.

Compared with the prior art, the valve seat ring of the present invention and the multi-way
valve having the valve seat ring have the following advantages:

1. Since the valve seat ring of the present invention are additionally provided with the first

annular boss and the second annular boss, when performing the internal sealing leakage test on
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the multi-way valve either by applying pressure to the chamber via the gathering and

transportation orifice or by applying pressure to the
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incoming oil channel via the metering orifice, the liquid in the chamber generates an
acting force acting on the lower surface of the first annular boss or the liquid in the
incoming oil channel generates an acting force acting on the lower surface of the
second annular boss, thus, an upward load hydraulically acting on the valve seat ring
1s formed, realizing hydraulic self-adaptability sealing for the valve seat ring and
increasing the sealing pressure ratio of the valve seat ring.

2. Since the valve seat ring sealing surface of the valve seat ring of the present
invention 1s provided with an annular recess, the area of the contact sealing between
the upper valve body and the valve seat ring is réduced, and the sealing pressure ratio
1s increased, therefore, the shaft core moment is reduced, and under the condition that
the sealing differential-pressure (DP) 1s 6.9 MPa / 1000 ps1 (or even higher), the valve
seat ring attains the leakage level of ANSI FCI-70.2 VI. Besides, the depth of the
annular recess on the sealing surface of the valve seat ring 1s controlled to be in the
range of 0.05mm ~ 0.2mm, and 1t does not contribute to the sealing area, moreover,
the crude o1l with high sediment concentration will not affect the rotating motion
operation of the valve seat ring.

3. The multi-way valve of the present invention has a reasonable structure,
smooth operation, reduced driving moment and meets the requirement of sealing level
under high differential-pressure, broadening the application field of the multi-way

valve of the high-pressure o1l well or high pressure gas well plane hard seal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 1s a plan view of a valve seat ring according to Embodiment 1 of the
present invention.

F1g. 2 is a cross-sectional view taken along the line A-A in Fig. 1.

Fig. 3 1s a longitudinal cross-sectional view of a multi-way valve having the
valve seat ring according to Embodiment 1 of the present invention.

Fig. 4 1s a plan view of a valve seat ring. according to Embodiment 2 of the
present invention. '

Fig. 5 1s a cross-sectional view taken along the line B-B of Fig. 4.
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Fig. 6 1s a longitudinal cross-sectional view of a multi-way valve having the
valve seat ring according to Embodiment 2 of the present invention.

Description of the Reference Numerals

1- upper valve body 2- lower valve body
3- rotary valve core 4- chamber
5 - incoming o1l channel 6 - metering orifice

7- gathering and transportation orifice 8- valve seat ring

O - first sealing surface 10 - body

11 - outer wall 12 - inner wall

13 - first annular boss 14 - second annular boss
15 - second sealing surface 16 - annular gap

17 - annular recess 18 — through-hole

19 - disc spring
Detailed description

The invention will now be described in further detail with reference to the
accompanying drawings and the specific embodiment, which should not be construed
as limitations to the invention.

Embodiment 1

The valve seat ring of the embodiment of the present invention is applied to a

multi-way valve. The cross-sectional shape at any position of an incoming oil channel

of the multi-way valve in the present embodiment is circular. As shown in Fig. 3, the
multi-way valve includes an upper valve body 1, a lower valve body 2, and a rotary
valve core 3. The lower valve body 2 1s provided with a chamber 4 therein, and the
upper valve body 1 1s provided with a plurality of incoming oil channels 5 which are
penetrating into the chamber 4. The lower valve body 2 1s provided with a metering
orifice 6 and a gathering and transportation orifice 7, wherein the metering orifice 6 is
able to communicate with the incoming o1l channel 5 through a chamber in the rotary

valve core 3, and the gathering and transportation orifice 7 communicates with the

chamber 4. The valve seat ring 8 of the present embodiment is disposed in the rotary
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valve core 3 and clings to with a sealing surface of the upper valve body 1, and now
the sealing surface of the upper valve body 1 is defined as the first sealing surtace 9.

As shown in Figs. 1 and 2, the valve seat ring 8 of the embodiment of the present
invention includes a cylindrical body 10 for fitting into the rotary valve core 3. The
body 10 has a through-hole 18 penetrating in an axial direction thereof. A first annular
boss 13 is arranged on an outer wall 11 of the body 10, while a second annular boss
14 1s arranged on an inner wall 12 of the body 10; Both an upper surface of the first
annular boss 13 and an upper surface of the second annular boss 14 are flush with an
upper surface of the body 10 to form a second sealing surface 15 which clings to the
first sealing surface 9 of the upper valve body 1 in a sealed manner; and an annular
gap 16 is formed between a lower surface of the first annular boss 13 and the rotary
valve core.

With continued reference to Fig.1, when a high pressure fluid 1s introduced into
the chamber 4 via the gathering and transportation orifice 7 for internal sealing
leakage test, the high pressure liquid in the chamber 4 acts on the lower surtace of the
first annular boss 13 so that an upward force is applied to the valve seat ring 8, and
this acting force forms the sealing load of the valve seat ring 8 so as to realize the
hydraulic adaptability for sealing the valve seat ring 8, thereby increasing the contact
sealing pressure ratio of the valve seat ring 8 and thus meeting the requirement of
sealing in the multi-way valve at the leakage level of sealing Level VI under a high

differential-pressure. When the high pressure liquid is introduced into the incoming

oil channel 5 via the metering orifice 6 for internal sealing leakage test, the high

pressure liquid in the incoming oil channel 5 acts on the lower surface of the second

annular boss 14, so that an upward force i1s applied to the valve seat ring 8, and this
acting force forms the sealing load of the valve seat ring 8 so as to realize the
hydraulic adaptability for sealing the valve seat ring 8, thereby increasing the contact
sealing pressure ratio of the valve seat ring 8 and thus meeting the requirement of
sealing in the multi-way valve at the leakage level of sealing level VI under a high
ditterential-pressure. In this way, the adaptability for sealing the valve seat ring 8 is

formed both in the direction from the gathering and transportation orifice 7 to the

6
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chamber 4 and the direction from the metering orifice 6 to the incoming oil channel 3,
wherein when the differential-pressure (DP) between the gathering and transportation
orifice 7 and the metering orifice 6 becomes larger increasingly, the sealing pressure
ratio will become larger, and the sealing leakage will become smaller accordingly.

Since the cross-sectional shape of the incoming o1l channel 5 of the multi-way
valve in the present embodiment is circular, therefore, the shapes of the first annular
boss 13 and the second annular boss 14 are circular, which adapts to the shape of the
incoming o1l channel 5, as shown in Figs. 1 and 2.

With continued reference to Figs 1 and 2, with the arrangement of the first
annular boss 13, a sealing contact area between the first sealing surface 9 and the
second sealing surface 15 increases, 1.e., the sealing annular band is relatively wide.
This will result in a relatively large rotational moment for driving the rotary valve
core 3. Therefore, as shown 1n Figs. 1 and 2, the upper surface of the first annular
boss 13 1s provided with at least one annular recess 17 and it does not contribute to
the sealing area so as to reduce the sealing contact area. The number and the width of
the annular recess 17 should be determined in accordance with the area of the upper
surface of the first annular boss 13. If the area of the upper surface is large, the
number of the annular recess 17 should increase correspondingly, and vice versa.
Normally, the sealing contact area between the first sealing surface 9 and the second
sealing surface 15 should be made to correspond to the sealing contact area of a

traditional low pressure multi-way valve, in order to ensure that the rotational

moment for driving the rotary valve core 3 is not too large. In this embodiment, two
annular recesses 17 are provided.

As a further preferred embodiment of the present embodiment, the
cross-sectional shape of the annular recess 17 is of a U—Shape, and the depth of the
annular recess 17 1s 0.05Smm to 0.2mm. Since the depth of the annular recess 17 is
relatively small, the sand particles in crude oil with high sediment concentration do
not remain in the annular recess 17, thereby not affecting the rotary motion operation

of the valve seat ring 8.
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Embodiment 2

The principle of the present embodiment is completely the same as that of the
Embodiment 1 except the following difference: because the multi-way valves
employed are different, the cross-sectional shape of the horizontal section (the section
for connecting with a single well) of the incoming oil channel 5 of the multi-way
valve of the present embodiment is circular, while the cross-sectional shape of the
vertical section (the section for docking with the rotary valve core 3) has a fan shape.
In order to adapt to the vertical section of the incoming o1l channel 5 of the multi-way
valve, the shapes of the first annular boss 13 and the second annular boss 14 are
different from that of Embodiment 1. As shown in Figs. 4 and 5, the body 10 of the
valve seat ring 8 of the present embodiment 1s also of a cylindrical shape as in
Embodiment 1, and has a penetrating through-hole 18, wherein the body 10 1s for
mating with the rotary valve core 3. Both the first annular boss 13 and the second
annular boss 14 are of fan shapes which adapt to the cross-sectional shape of the
vertical section of the incoming oil channel 5, such as, a fan-shape similar to a cattail
leaf fan, as shown in Fig. 4.

The present invention also discloses a multi-way valve as shown 1n Figs. 3 and 6,
including an upper valve body 1, a lower valve body 2, a rotary valve core 3, and the
valve seat ring 8 as described above. A chamber 4 is provided in the lower valve body
2, and a plurality of incoming oil channels 5 penetrating into the chamber 4 are
provided in the upper valve body 1. A body 10 of the valve seat ring 8 is arranged in
the rotary valve core 3, and the second sealing surface 15 of the valve seat ring 8
clings to the first sealing surface 9 of the upper valve body 1 in a sealed manner.

Since the internal sealing differential-pressure (DP) required by the traditional
low pressure multi-way valve 1s relatively low, 1t 1s sufficient to provide the sealing
pressure ratio of the valve seat ring 8 to the upper valve body 1 by the disc spring 19
below the valve seat ring. As for the internal sealing of a high-end high-pressure
multi-way valve, when the internal sealing difterential-pressure (DP) reaches 6.9MPa
/ 1000psi (or even higher), providing the sealing pressure ratio of the valve seat ring 8

to the upper valve body 1 only by the disc spring 19 below the valve seat ring is not

8
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enough to meet the leakage level of level VI. In the present invention, by changing
the structure of the valve seat ring 8, with the hydraulically acting force in the
chamber 4 or the incoming oil channel 5, sealing load hydraulically acting on the
valve seat ring 8 1s formed, thus, the hydraulic self-adaptability sealing of the valve
seat ring 8 is realized, and the contact sealing préssure ratio of the valve seat ring 8 1s
increased, thereby meeting the requirement for internal sealing of high pressure
multi-way valve at the leakage level of sealing level VI under a high
differential-pressure (DP). Therefore, the valve seat ring 8 of the present invention
has a reasonable design on structure, which improves the sealing level under a high
differential-pressure (DP), reduces the driving moment of the rotary valve core 3,
reduces the power of the selected driving electronic assembly, and broadens high
pressure application field of the high-pressure oil well or high pressure gas well plane
hard seal multi-way valve.

The above embodiments are merely exemplary embodiments of the present
invention and are not intended to limit the invention, while the protection scope 1s
defined by the claims. Various modifications or equivalent substitutions may be made
to the invention within the spirit and scope of the invention by those skilled 1n the art,
and such modifications and equivalent substitutions should be considered as being

within the scope of the invention.



Claims:

1. A valve seat ring for use in a multi-way valve, comprising: an upper valve body, a
lower valve body, and a rotary valve core, the lower valve body is provided with a
chamber therein, the upper valve body is provided with a plurality of incoming oil
channels which penetrate into the chamber, the valve seat ring is provided in the rotary
valve core and clings to a sealing surface of the upper valve body, wherein,

the valve seat ring includes a cylindrical body for fitting into the rotary valve core,
and the cylindrical body has a through-hole, which penetrates in an axial direction thereof
and 1s able to be communicated with the incoming oil channel, wherein a first annular
boss is arranged on an outer wall of the cylindrical body, and a second annular boss is
arranged on an inner wall of the cylindrical body; both an upper surface of the first
annular boss and an upper surface ot the second annular boss are flush with an upper
surface of the cylindrical body to form a sealing surface which clings to the sealing
surface of the upper valve body in a sealed manner; an annular gap is formed between a
lower surface of the first annular boss and the rotary valve core, the annular gap exposing
to liquid 1n the chamber so that the liquid acts on the lower surface of the first annular
boss to form a sealing load; and a lower surface of the second annular boss exposes to
liquid 1n the incoming oil channel so that the liquid acts on the lower surface of the
second annular boss to form a sealing load.

2. The valve seat ring according to claim 1, wherein, the cross-sectional shape of the
o1l incoming channel is circular in the multi-way valve, and the shapes of the first annular
boss and the second annular boss are of an annular shape that adapts to the shape of the
incoming oil channel.

3. The valve seat ring according to claim 1, wherein, the cross-sectional shape of a
horizontal section of the incoming oil channel is circular and the cross-sectional shape of
a vertical section of the incoming oil channel is of a fan-shape in the multi-way valve,
wherein the shapes of the first annular boss and the second annular boss are of a fan
shape that adapts to the cross-sectional shape of the vertical section of the incoming oil

channel.

10
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4. The valve seat ring according to any one of claims 1 to 3, wherein, the upper

surface of the first annular boss is provided with at least one annular recess.

5. The valve seat ring according to claim 4, wherein the at least one annular recess
comprises one or two annular recesses.

6. The valve seat ring according to claim 4, wherein, the cross-sectional shape of the
annular recess 1s of a U-shape and the depth of the annular recess is 0.05mm to 0.2mm.

7. The valve seat ring according to any one of claims 1 to 3, wherein, the first
annular boss and the second annular boss are integrally formed with the cylindrical body:.

8. A multi-way valve comprising an upper valve body, a lower valve body, and a
rotary valve core, the lower valve body 1s provided with a chamber therein, the upper
valve body 1s provided with a plurality of incoming oil channels penetrating into the
chamber, wherein, the multi-way valve further comprises the valve seat ring according to
any one of claims 1 to 7, wherein the cylindrical body of the valve seat ring is arranged in

the rotary valve core, and the sealing surface of the valve seat ring clings to the sealing

surface of the upper valve body in a sealed manner.

11
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