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(57) Abstract: A valve arrangement for reciprocating
machine, where the arrangement (1) comprises an
in-valve (18) and an out-valve (19), each valve (18), (19)
being a springloaded one-way valve designed to open
[or [low when Lhe pressure dillerential in the direction
of flow provides a force that cxceeds the spring tension,
wherein the valves (18, 19) are mounted in a casing
(8) that forms or is conmected o the cylinder head ol
the reciprocating engine (2). The in-valve (18) and the
out-valve (19) are mounted in a sleeve (16) designed
to be fitted in a bore (9) in the casing (8), and where
fluid may flow to the sleeve (16) from an inlet (11) in
the casing (8) and into the sleeve (16) via the in-valve
(18), and where the sleeve (16) is provided with at least
one perforated area where fluid may flow radially out of
or into the sleeve (16) via holes (50, 51), thereby flowing
to or from a passage (14, 15) that forms a perpendicular
or near perpendicular connection with the bore (9).



WO 03/081047 A1 {00000 0O

SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NL. SN, TD, TG).

Published:

—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

WO 03/081047 PCT/NO03/00092

VALVE ARRANGEMENT FOR RECIPROCATING MACHINERY SUCH AS A PUMP
AND A COMPRESSOR

The invention regards a valve arrangement for reciprocating

machinery such as a pump and a compressor.

Reciprocating machinery, or a reciprocating engine, typically
has an induction valve and an exhaust valve, hereinafter
termed in-valve and out-valve, for each piston. Normally,
springloaded one-way valves are used, where a spring closes
the valve by forcing a valve body against a wvalve seét. A
valve may be opened for flow either through mechanical action
or by pressure in the working medium of the reciprocating
engine, hereinafter termed fluid, acting on the valve body to
generate a force directed opposite to the force from said

spring.

If valves of the type in question are arranged so that the
direction of flow through the valves is parallel with the
cylinder axis of the reciprocating engine, the valves and

attached pipework project a relatively long way from the
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cylinder head of the reciprocating engine. Therefore it is desirable to mount the valves in
a manner such that fluid may flow across the cylinder axis immediately outside the
cylinder head. If fluid is to flow to and from the cylinder in parallel with the cylinder axis,
the direction of fluid flow must change in connection with the valve arrangement. Such a
change in direction results in lateral flow forces that act on the valve body and cause
misalignment of this. The result is skewed or uneven wear on the valve body and the
valve seat, which causes leakage in a closed valve. In the event of such leakage the valve
in question must be replaced, or the valve must be disassembled and the worn parts
replaced. Changing valves or worn valve components may be time consuming,
particularly in the case of large reciprocating machinery such as a reciprocating pump for
drill fluid for use in drilling of petroleum wells.

It is the object of the present invention to overcome or ameliorate one or more of
the disadvantages of the prior art, or at least to provide a useful alternative.

Accordingly, the invention provides a valve arrangement for a reciprocating
machine, where the arrangement comprises an in-valve and an out- valve, each valve
being a springloaded one-way valve designed to open for flow when the pressure
differential in the direction of flow provides a force that exceeds the spring tension,
wherein the valves are mounted in a casing that forms or is connected to the cylinder head
of the reciprocating engine, wherein the in-valve and the out-valve are mounted in a
sleeve designed to be fitted in a bore in the casing, and where fluid may flow to the sleeve
from an inlet in the casing and into the sleeve via the in-valve, and where the sleeve is
provided with at least one perforated area where fluid may flow radially out of or into the
sleeve via holes, thereby flowing to or from a passage that forms a perpendicular or near
perpendicular connection with the bore. ‘

Preferably, the in-valve and one out-valve are mounted in a spaced-apart manner
in a tubular sleeve, so that the axial direction of flow is the same for both valves. The in-
valve is preferably arranged in the sleeve at the first end of this, which forms the inlet end
of the sleeve. The out-valve is preferably arranged in the sleeve at the second end of this,
the outlet end.

The valves preferably divide the sleeve into three chambers; an inlet chamber
between the first end of the sleeve and the valve seat of the in-valve, a working chamber
between the valve seat of the in-valve and the valve seat of the out-valve, and an outlet
chamber between the valve seat of the out-valve and the second end of the sleeve.

At the working chamber the sleeve wall is preferably equipped with a first

perforated area having through openings for the fluid to flow radially into or out of the
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sleeve. At the outlet chamber the sleeve wall is preferably equipped with a second
perforated area, so as to allow fluid to flow radially out of the sleeves as well.

Preferably, an external annular gasket at either end of the sleeve and a similar
intermediate gasket define two annuli between the sleeve and the bore, the diameter of the
bore being enlarged between sealing surfaces against which said gaskets provide a seal.
Thus a working annulus is defined between a gasket at the first end of the sleeve and said
intermediate gasket. Similarly, an outlet annulus is defined between a gasket at the
second end of the sleeve and the intermediate gasket. Advantageously the sleeve has a
smaller outside diameter between the gaskets, as this will facilitate the mounting and
dismounting of the sleeve. It will also help increase the cross sectional area of the annuli.

Preferably, a first passage in the casing (or the cylinder head) constitutes an inlet
fbr fluid and leads to the first end of the bore, i. e. to the inlet end of the sleeve when the
sleeve is installed in the bore. Advantageously the passage is axial with respect to the
sleeve and the bore. A second passage in the casing preferably constitutes a working
passage and connects said first annulus, the working annulus, with the cylinder of the
reciprocating engine. The working passage is typically perpendicular or near
perpendicular to the longitudinal axis of the bore. More preferably, a third passage in the
casing forms the outlet for fluid from the second annulus, the outlet annulus. The outlet is
typically perpendicular or near perpendicular to the longitudinal axis of the bore. Thus the
working passage and the outlet are radially oriented with respect to the bore, and the
working passage and the outlet may have different radial orientations.

The working annulus is preferably positioned eccentrically with respect to the
axis of the bore. More preferably, the distance between the sleeve and the periphery of
the working annulus is at its greatest where the working passage ends, and at its smallest
at the diametrically opposite side of the working passage.

Preferably, the outlet annulus exhibits corresponding eccentricity with respect to
the axis of the bore. The distance between the sleeve and the periphery of the outlet
annulus is preferably at its greatest where the outlet joins the working, and at its smallest
at the diametrically opposite side of the outlet.

Preferably, the sleeve is installed in the bore through being inserted into the bore
through the second end of this, until it abuts a step in the bore or the bottom of the bore at
the first end of the bore, whereupon the second end of the bore is sealed with a cover. The
cover may be executed with an abutment that projects into the bore and presses against

the second end of the sleeve, keeping the sleeve fixed in the bore.

[RALIBLL]17786.doc:eaa
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Preferably, fluid flows radially between the working chamber of the sleeve and
the working annulus outside. More preferably, the fluid flow is uniformly distributed, so
that no lateral forces occur which may misalign the valve body of the in-valve. Similarly,
fluid flows out of the outlet chamber to the outlet annulus in a radial and uniformly
distributed manner.

By the arrangement described, the valves of a reciprocating engine can easily be
replaced by dismantling the cover, pulling out the sleeve with the valves, installing a new
sleeve with valves and finally fitting the cover. It is also easy to test valves for set
pressure and sealing effect in a test installation outside the reciprocating engine, as the
sleeve may be arranged in a bore in a casing in which the inlet and the working passage
are connected to a pressure source.

When a valve arrangement in accordance with a preferred embodiment of the
invention is used in a reciprocating engine in which a piston cyclically executes an
induction stroke followed by a power stroke, fluid will, upon the induction stroke, flow
via the casing inlet to the first end of the sleeve, into the sleeve via the in-valve and
radially out of the casing to the working passage and on to the cylinder of the
reciprocating engine. On the subsequent power stroke fluid flows from the cylinder via
the working passage to the working annulus, and then radially through the first perforated

area of the sleeve and

The next page is page 6
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into the sleeve, whereupon the fluid then continues axially
through the out-valve and then radially out of the sleeve via
the openings in the second perforated area to the outlet

annulus, and from there to the outlet.

The invention is described in greater detail by means of an
example of an embodiment, and reference is made to the

attached drawings, in which:

Figure 1 shows a side section of part of a reciprocating

engine with a valve arrangement mounted thereon;

Figure 2 shows a side section of a sleeve in the valve

arrangement, as well as a side section of a supporting ring,
an in-valve with a valve seat and an out-valve with a valve

seat;
Figure 2A shows two cross sections of the sleeve in figure 2;

Figure 3 shows a side section of the valve arrangement

casing;
Figure 4 shows a cross section of the casing in figure 3;

Figure 5 shows another cross section of the casing in figure

3; and
Figure 6 is a side view of a cover for the casing.

In figure 1, reference number 1 denotes a valve arrangement

mounted on a piston pump 2 and connected to the cylinder 3 of
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this, in which a reciprocating piston 4 is arranged in a
known manner. An assembly plate 5 forms an extension of a
flange 6 on the cylinder 3. The assembly plate 5 and the
valve arrangement 1 are attached to the flange 6 and thereby

to the cylinder 3 by the use of screws 7.

The valve arrangement 1 comprises a casing 8 in which a bore
9 that is open at one end 10 of the casing 8 ends within the
casing 8 and joins an inlet 11 that is open at the other and
opposite end of the casing 8. A cover 13 is designed to cover
the bore 9 at the first end 10 of the casing 8.

A working passage 14 in the casing 8 forms an extension of
the cylinder 3, to allow itbto communicate with the bore 9.
An outlet 15 leading from the bore and out of the casing 8 is
shown in broken lines in figure 1. The inlet 11 and the
outlet 15 are designed to be connected to piping systems (not

shown) for incoming and outgoing £fluid respectively.

In the bore 9 there is arranged'a sleeve 16, the first end éf
which rests on a supporting ring 17, which in turn rests on
the bottom of the bore 9. An in-valve 18 is installed in the
sleeve 16, at the first end of this, and an out-valve 19 is
installed at the second end of the sleeve 16. Both the in-
valve 18 and the out-valve 19 are springloadéd one-way
valves, and the valves are mounted so as to open at a
predetermined pressure differential acting in the direction
from the first end of the sleeve 16 to the second end of the

sleeve 16.

Reference is made to figure 2, which shows the components of

the casing 8, the sleeve 16, the supporting ring 17, the in-
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valve 18 and the out-valve 19 laid out and ready for
assembly. Reference is also made to figure 3, which shows the

casing 8.

The sleeve 16 is generally tubular with a circular cross
section and a number of internal shoulders for parts that
form part of the in-valve 18 and the out-valve 19, which are

both known.

The in-valve 18 comprises a valve seat 20, a valve body 21
designed to move in a valve guide 22. The valve body 21 is
equipped with a sealing element 23. A valve spring 24 acting
between the valve body 21 and the valve guide 22 is designed
to force the valve body 21 with the sealing element 23
against the valve seat 20. The Valve seat 20 is designed to
receive a centric pin 25 on the valve body 21 in a known
manner, thus contributing to the guiding of the valve body
21.

The out-valve 19 similarly comprises a valve seat 26 and’a
valve body 27 designed to move in a valve guide 28. The valve
body 27 is equipped with a sealing element 29. A valve spring
30 acting between the valve body 27 and the valve guide 28 is
designed to force the valve body 27 with the sealing element
29 against the valve seat 26. The valve seat 26 is designed
to receive a centric pin 31 on the valve body 27 in a known
manner, thus contributing to the guiding of the wvalve body

27.

Approximately half way between the first end 32 and the
second end 33 the sleeve 16 is provided with an internal

shoulder 34, where a first annular abutment surface 35 on one
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side of the shoulder 34 faces the first end 32 of the sleeve
16, and a second abutment surface 36 on the opposite side of

the shoulder 34 faces the second end 33 of the sleeve 16.

The first abutment surface 35 is designed to support the
valve guide 22 of the in-valve 18. The second abutment
surface 36 is designed to support the valve seat 26 of the
out-valve 19, which seat is designed with an external collar

37 arranged to rest against the second abutment surface 36.

A third annular abutment surface 38 in the sleeve 16 is
designed to support the valve seat 20 of the in-valve. 18. The
third abutment surface 38 faces the same direction as the
first abutment surface 35, and is located between the first

abutment surface 35 and the first end 32 of the sleeve 1l6.

Between the first end 32 of the sleeve 16 and the third
abutment surface 38 the sleeve 16 is formed with a
cylindrical portion designed to receive the valve seat 20 of
the in-valve 18, and where the wall constitutes the sealing
surface for a first annular gasket 40 disposed in a groove in

the outer periphery of the valve seat 20.

By the third abutment surface 38 between the second end 33 of
the sleeve 16 and the shoulder 34 there is a second internal
cylindrical portion 41 designed to receive the valve seat 26
of the out-valve 19, and where the wall constitutes the
sealing surface for a second annular gasket 42 disposed in a

groove 1n the outer periphery of the valve seat 26.

A third internal cylindrical portion 43 is arranged at the

second end 33 of the sleeve 16, which portion 43 is designed
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to receive a cylindrical stub 44 projecting from the cover

13, and where the wall constitutes the sealing surface for an

- annular third gasket 45 fitted in a groove on the stub 44.

The cover 13 with the gasket 45 is shown in figure 6.

A fourth intermal cylindrical portion 46 by the first
abutment surface 35 is designed to centre the valve guide 22

of the in-valve 18.

A fifth internal cylindrical portion 47 next to the third
cylindrical portion 43 for the cover 13 is designed to centre

the valve quide 28 of the out-valve 19.

The area between the first and third abutment surfaces 35, 38
of the sleevé 16 forms a first sleeve chamber 48 where the
wall of the sleeve 16 is_perforated with a first set of holes
50. The area between the second and third cylindrical
portions 41, 43 of the sléeve 16 forms a second sleeve
chamber 49 where the wall of the sleeve 16 is perforated with
a second set of holes 51. Figure 22 shows a section through
the perforated wall of the sleeve 16 at the first and second
sleeve chambers 48, 48.

-Reference .is made to figure 1 and figure 2. A _fourth annulaxr

gasket 52 is disposed in an external groove 53 on thel!sleeve
16, by its first end. A fifth annular gasket 54 is disposed
in an external groove 55 on the sleeve 16 in an area betwesn
the first set of holes 50 and the second set of holes 51. A
sixth annular gasket 56 is dispcosed in an external groove 57

on the sleeve 16, in the area at the second end of this.

RECTIFIED SHEET (RULE 91)
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Figure 3 shows a section through the casing 8 with the bore 9
with axis 58. The bore 9 consists of areas having different
cross sections. At the bottom, the bore 9 is provided with a
first cylindrical bore section 59 positioned centrically with
respect to the axis 59, and the wall of the bore 9 forms a
sealing surface for the gasket 52 at the first end of the

sleeve 16, see figure 2.

A second cylindrical bore section 60 is positioned
eccentrically with respect to the axis 58 and in a way that
the bore section 60 is displaced towards the working passage

14, which ends in the bore section 60.

A third cylindrical bore section 6l is positioned centrically
with respect to the axis 58, and the wall of the bore 9 forms
the sealing surface for the gasket 54 of the sleeve 16, see

figure 2.

A fourth cylindrical bore section 62 is positioned
eccentrically with respect to the axis 58 and in a way such
that the bore section 62 is displaced towards the outlet 15,

which ends in the bore section 62.

A fifth cylindrical bore section 63 at the free end of the
bore 9 is positioned centrically with respect to the axis 58,
and the wall of the bore forms the sealing surface for the

gasket 56 of the sleeve 16, see figure 2.

Figure 4 shows a cross section of the casing 8 in a plane
marked with the letter A in figure 3, and figure 5 shows a
cross section in a plane marked with the letter B in figure

3.
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The casing 8 is provided with threaded holes 64 for fixing
the casing 8 to the cylinder 3 and to the assembly plate 5
with the screws 7. Furthermore, the casing 8 is provided with
threaded holes 65 for connecting an inlet pipe (not shown) to
the casing 8, so as to allow said inlet pipe to communicate
with the inlet 11. Similarly, the casing 8 is provided with
threaded holes (not shown) for connecting an outlet pipe (not
shown) to the casing 8, to allow said outlet pipe to
communicate with the outlet 15. At the free end of the bore 9
the casing 8 is provided with threaded holes 65 for fixing

the cover 13 with screws 66.

In order to simplify the installation of the sleeve 16 in the
bore 9 and to help avoid damage to the gaskets and sealing
surfaces, the first cylindrical section 59 of the bore 9
should have a smaller diameter than the third cylindrical
section 61 of the bore 9, which in turn should have a smaller

diameter than the fifth cylindrical section 63 of the bore 9.

The supporting ring 17 and the sleeve 16 with the valves 18,
19 are fitted in the bore 9 as shown in figure 1, and the
cover 13 is fitted on the casing 8, covering the free end of
the bore 9. The stub 44 on the cover 13 projects into the
bore 9 and into the sleeve 16, abutting the valve guide 28 of
the out-valve 19 and the second end 33 of the sleeve 1l6. Thus
the cover 13 forces the sleeve 16 against the supporting ring
17, which rests against the bottom of the bore 9} The valve
seat 20 of the in-valve 18 is thereby forced against the in-
valve body 21, so as to tension the spring 24. At the same
time, the cover 13 forces the valve guide 28 of the out-valve
19 into the sleeve 16, so that the valve spring 30 is

tensioned against the valve body 27.
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When the sleeve 16 with the in-valve 18 and the out-valve 19
is installed in the bore 9 in the casing 8, as shown in
figure 1, the eccentrically positioned bore sections 60, 62
form eccentric annuli outside the sleeve 16. The largest
cross section of the annuli is on the side facing the working
passage 14 and the outlet 15 respectively, and the smallest
cross section is at the diametrically opposite side of said

passages.

When the piston pump 2 is operating, fluid at the inlet is
transported via the valve arréngement 1 and the cylinder 3 to
the outlet 15, where the fluid is delivered at a higher
pressure that of the inlet 11. The induction stroke of the
piston 4 reduces the pressure in the cylinder 3 and thereby
also the pressure in the first sleeve chamber 48, to allow
the pressure differential across the valve body 21 of the in-
valve 18 to overcome the force from the valve spring 24 and
push the valve body 21 away from the valve seat 20. The out-
valve 19 is closed. Fluid flows from the inlet 11 past the
valve seat 20, into the first sleeve chamber 48 and then
radially out of the sleeve chamber 48 via the holes 51 to the
cylinder 3.

When the piston 4 then executes a power stroke, the in-valve
18 closes and the fluid pressure in the cylinder 3 increases
until the pressure differential across the valve body 27 of
the out-valve 19 overcomes the force from the valve spring
30, pushing the valve body 27 away from the valve seat 26 and
openihg the out-valve 19. Fluid flows from the cylinder 3 via
the holes 50, radially into the first sleeve chamber 48, past

the valve seat 26 of the out-valve 19 to the second sleeve
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chamber 49, and radially out of this via the holes 51 to the
outlet 15.

Upon reciprocating movement of the piston 4 the casing 8 and
the sleeve 16 are subjected to varying pressure and thereby

to a wvarying load.

Thus it can be mentioned that upon the power stroke of the
piston 4 the sleeve 16 is subjected to a first axial force
against a first annular area defined by the diameter of the
sealing surfaces of the first gasket 40 and the fourth gasket
52, and a second, cpposite directed axial force against a
second annular area defined by the diameter of the sealing
surfaces of the third gasket 45 and the sixth gasket 56. The
sleeve 16 is thereby subjected to an axial tensile force
between said annular areas. The dimensions should be selected
so as to make the net force, i.e. the difference between the
numerical values of the first and second axial forces, push
the first end 32 of the sleeve 16 against the supporting ring
17. The area at the first end 32 of the sleeve 16 is then
subjected to a compressive force corresponding to said net

force.

Upon the induction stroke of the piston 4 only the area
between the second gasket 42 and the third/sixth gasket 45,
46 is exposed to the operating pressure of the pump 2. As the
force against the valve body 27 of the out-valve 19 is taken
up by the sleeve 16, the area between the second gasket 42
and the third gasket 45 is exposed to tension. The area
between the second gasket 42 and the first end 32 of the

sleeve 16 is subjected to a compressive force determined by
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the operating pressure and the diameter of the bore 9 at the

sealing surface of the second gasket 42.

The area between the second and third gaskets 42, 45 is
thereby subjected to a varying tensile force. The area
between thé first and second gaskets 40, 42 alternates
between tensile and compressive force. The area between the
first gasket 40 and the first end 32 of the sleeve 16 is
subjected to a varying compressive force. A person skilled in
the art will, based on this, be able to dimension the casing
8, the supporting ring 8 and the sleeve 16 so as to resist

the varying loads.
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The claims defining the invention are as follows:

1. A valve arrangement for a reciprocating machine, where the arrangement
comprises an in-valve and an out-valve, each valve being a springloaded one-way valve
designed to open for flow when the pressure differential in the direction of flow provides
a force that exceeds the spring tension, wherein the valves are mounted in a casing that
forms or is connected to the cylinder head of the reciprocating engine, wherein the in-
valve and the out-valve are mounted in a sleeve designed to be fitted in a bore in the
casing, and where fluid may flow to the sleeve from an inlet in the casing and into the
sleeve via the in-valve, and where the sleeve is provided with at least one perforated area
where fluid may flow radially out of or into the sleeve via holes, thereby flowing to or

from a passage that forms a perpendicular or near perpendicular connection with the bore.

2. An arrangement according to Claim 1, wherein the bore is provided with at least
one eccentrically positioned cylindrical section with a larger diameter than that of

adjacent sections of the sleeve, and where the eccentrically positioned section

communicates with said passage.

3. A valve arrangement for a reciprocating machine, said valve arrangement

substantially as hereinbefore described with reference to the accompanying drawings.

DATED this twenty-first Day of November, 2005
National Oilwell Norway AS
Patent Attorneys for the Applicant
SPRUSON & FERGUSON

[RALIBLL]17786.doc:eaa
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