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(54) Valve seat designedto reduce
cavitation

(57) Valve member(10) is axially
movable relative to seat (30) and parts
(10) and (30) have frustoconical facing
surfaces which form an annulus
therebetween to control flow. The seat
(30) has a plurality of pairs of ports
(42,44,;46,48;50,52) communicating
with an internal bore (36), and an orifice
(40) in an end wall (38). The ports are
aligned so that flow from the ports
impinge upon each other within the
interior chamber ofthe valve seatto
reduce cavitation.
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SPECIFICATION
Valve seat design to reduce cavitation
5 BACKGROUND OF THEINVENTION

1. Field ofthe invention
Theinvention relates to a valve seat design to re-
duce cavitation of liquid and erosion in a flow control
10 valve generally used as achoke.

2. Description of the priorart

The removable internal parts of avalve are gener-
ally referred to as the “trim’* and generaliy function

15 to proportion the valve orifice areato control flow
through the valve. Erosion of the valve trimisa
major probiem in valves controlling flow of high
velocity liquid. Cavitation may occur if the pressure
ofliquid flowing through restricted passages be-

20 comes lessthanthe vaporpressure ofthe liquid at
the operating temperature. Flow control valves usu-
ally experience cavitation when a high pressure drop
is created across a single point of pressure reduc-
tion.

26 Flow of fluid through an orifice is narrowed down-
stream of the orifice to form a vena contracta, which
is the location of highest velocity of fluid through the
valve andthe location of the lowest pressure. As
fluid velocity decelerates downstream of the orifice,

30 pressureis regained and the vapor bubbles collapse
orimplode violently, expending energy which s
absorbed by the valve causing cavitation related
wear, fatigue and eventual failure.

Various trims which reduce cavitation are shown

35 in/SAHANDBOOK OF CONTROL VALVES, 2nd Ed,
1976 Instrument Society of America. In cage hole de-
signs to reduce cavitation, a cylindrical cage member
with circumferentially opposed opening directs flow
toimpinge upon itself. These designs do reduce

40 cavitation; however, the cylindrical trim elements
with opening therein tend to foul and create localized
erosion and flow cutting. In cascading trim is des-
igned to create a series of smaller pressure dropsto
reduce cavitation. However, these cascading type

45 trimstend to reduce flow capacity and are expensive
to manufacture.

In addition, heretofore it has been necessary to se-
lect valves having trim of various desigrs depending
upon the velocity of fluid and field conditions under

50 which aflow control valve is to be used for oil field
service.

SUMMARY OF THEINVENTION
The valve disclosed herein and illustrated inthe
55 attached drawings incorporatesimprovedtrimel-
ements including a valve seat element having acen-
tral bore formed therein and a valve element having
askirt portion to control flow to the bore in the seat
element. Atruncated conical seat surface is formed
60 onthe seat element and a plurality of orifices extend
through the seat surface to communicate with the
central bore. This seat element has an end portion
closing one end of the bore, the end portion being
provided with an orifice which is axially aligned with
65 the boreformed in the seat element. The orifices
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formed in the seat surface generally comprise spa-
ced pairs of aligned orifices having axes which ex-
tend perpendicularto the axis ofthe bore in the seat
element. The pairs of orifices extending through the
seal element are spaced longitudinally of the seat el-
ementand each pair is circumferentially spaced from
each adjacent pair to form a plurality of tortuous flow
paths to form a plurality of flow streams which im-
pinge against each other to minimize cavitationin
thevalve.

DESCRIPTION OF DRAWINGS

Drawings of a preferred embodiment of the inven-
tion are annexed hereto so thatthe invention may be
better and more fully understood, in which:

Figure 1is an elevational view of a flow control
valve incorporating the improved valve seat design
to reduce cavitation;

Figure 2is an enlarged fragmentary cross sec-
tional view illustrating details of construction ofthe
valve element and the valve seat element; and

Figure 3is a view similar to Figure 2 showing an
alternative embodiment.

Numeral references are employed to designate
like parts throughout the various figures of the
drawings.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to Figure 1 ofthe drawing, the numeral
10 generally designates a flow control valve body
having an inletconnector 12 and an outlet connector
14 having inlet passage 16 and outlet passage 18
formed therein. Valve body 10 has a valve chamber
with which inlet passage 16 and outlet passage 18,
respectively, communicate to receive fluid flowing
frominlet passage 16 to outlet passage 18.

As will be hereinafter more fully explained, outlet
passage 18 has an internally threaded portion 19in
which a seat element generally designated by the
numeral 30 is mounted. A valve element generally
designated by numeral 60 is secured to arising stem
22 having a hand wheel 24 mounted thereon. Stem
22 has athreaded portion 25 which extends through
athreaded openingin abonnet26. Abonnet retain-
ing sleeve 28 extends into a threaded opening in
valve body 10 and urges seals on bonnet 26 into seal-
ing engagementwith valve body 10. A packing cup
29is secured to stem 22 adjacent bonnet 26. Valve
bonnets ofthe type hereinafter briefly described are
well known to persons skilled in the art and further
description of obviousness is not deemed necessary.

Valve seat element 30 comprises a valve seatel-
ement body 32 having athreaded end 34 which en-
gages threaded portion 19 of outlet passage 18in
valve body 10. A truncated conical seat surface 35is
formed on the opposite end of body 32. Abore 36 is
formed in seat body 32 and extends through the
threaded end portion 34 and communicates with
outlet passage 18. The opposite end of bore 36is
closed by anend wall 38.

As best illustrated in Figure 2 of the drawing, an
orifice 40 extends through end wall 38 and is axially
aligned with bore 36.

Aplurality of orifices 42-52 extend through seat
surface 35 and communicate with bore 36 inthe
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valve seat body 32. It is important to note thatthe
first pair of orifices 42 and 44 lie on acommon axis
which is perpendicular to the axis of bore 36. The
second pair of orifices 46 and 48 have a common axis
5 whichis perpendicularto the axis of bore 36 and spa-

ced longitudinally of body 32 from the first pair of
orifices 42 and 44. Orifices 42 and 44 are circum-
ferentially spaced about the truncated cylindrical
seat surface 35 relative to the second pair 46 and 48

10 oforifices. Asillustrated in Figure 2, acommon axis
of orifices 42 and 44 is spaced and perpendicularto
the common axis of orifices 46 and 48.

A third pair of orifices 50 and 52 have acommon
axis spaced from, but parallel to the axis of the first

15 pairoforifices 42 and 44.

The bore 36 in seat body 32 has portions of varying
diameter spaced longitudinally along the portion of
bore 36 adjacent end wall 38 such that the cross sec-
tion area of the bore increases progressively from

20 the closed end portion adjacent orifice 40 toward the
open end of the bore.

Valve element 60 is a cylindrical member having
aninternally threaded opening 62 formed in one end
thereofand a pocket 64 having a truncated conical

25 wall 65formed inthe opposite end thereof, pocket 64
being surrounded by skirt portion 68 of valve el-
ement 60. When the valve element s in the full
closed position, the lower edge 70 of skirt 68 is urged
into sealing engagement with surface 37 onvalve

30 seatbody32.

Atruncated conical seat surface 35 on seatel-
ement 30 has the same taper as the inner wall 65 of
pocket 64 in valve element 60 such that movement of
valve element 60to the closed position moves sur-

35 faces 65 and 35 to adjacent spaced relationship.

Asthe end70 of skirt portion 68 moves away from
surface, 37 tapered surface 65 slowly moves away
from tapered seat surface 35 to form an annulus 76. it
will be appreciated that when the lower end 70 of

40 skirt 68 engages surface 37, all of the orifices 40-52
are enclosed within the skirt portion of the valve el-
ement, thus, blocking fluid flow frominlet passage
16to outlet passage 18inthe valve body. However,
as valve element 60 is moved longitudinally away

45 from seat element 30, the edge 70 of skirt 68 pro-
gressively moves past orifices 42 and 44, and then
past orifices 46 and 48 as valve element 60 reaches
the full open position.

Ata mid-stroke position of valve element 60, sur-

50 face 70 onthe end of skirt 68 would enclose a portion
ofthe area of orifices 42 and 44, the other portion of
the surface area of the orifices lying outside of pocket
64in valve element 60. Thus, a portion of fluid flow
frominlet passage 16 would flow directly into the un-

55 covered portion of orifices 42 and 44. A portion of
fluid flow from inlet passage 16 would flow around
the end surface 70 on skirt 68 into the annular pas-
sage 75 to reach the covered portion of orifices 42
and 44. Additional flow through annular passage 75

60 would reach the second pair of orifices 46 and 48 and
the third pair of orifices 50 and 52 inside the skirt por-
tion 68 of valve element 60 and also orifice 40 exten-
ding through end wall 38.

It will be appreciated that since the orifices of each

65 pair of orifices have acommon axis flow through the
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orifices will be in opposite directions and streams
flowing therethrough will impinge against each
otherin bore 36. For example, flow through orifices
46 and 48 will impinge in bore 36 and will be mixed
with flow of fluid diffused from impingement of flow
streams through the other pairs of orifices spaced
along the length of bore 36.

In the preferred embodiment of the invention, the
sum of the cross-sectional area of orifices 40-62 is
greater, preferably by at least 20%, than the cross-
sectional area of bore 36 such that minimal restric-
tion of flow through the valve will be observed when
valve element 60is in the full open position. In addi-
tion, these valves are designed such thatin their
normal operating range the flow area of annular pas-
sage 75 is always less than the sum of the covered
portions of the orifices 42-52 plus orifice 40 at all
valve positions. As edge 70 of valve element 60
moves toward surface 37 on valve seat element 30,
flow will be steadily reduced. [t will be observed that
the pair of orifices 42-52 extending through seat sur-
face 35 and spaced longitudinally and circumferenti-
ally relative to each other form a plurality of tortuous
flow paths which form a plurality of flow streams
which impinge against each other causing flow to be
diffused immediately upon passage through the ori-
fices thereby minimizing cavitation.

In Figure 3, an alternative embodiment of the pre-
sent invention is shown. The valve has an inlet pas-
sage 16’ and an outlet passage 18’ through which the
flow is regulated. The valve consists of frustoconical-
shaped seat and valve elements, 30’ and 60’ re-
spectively. The valve element 60’ is axially movable
toward and away from the seat element 30'. The seat
element 30’ can be formed from a hardened tungsten
carbide material toincrease life. The bore 36’ in the
seat element 30’ can be likewise frustoconical-
shaped toimprove valve performance. Valve el-
ement 60’ can likewise have a frustoconical-shaped
tungsten carbide insert 61’ pressed into the element.

ltisunderstood, of course, that the foregoing
specification discloses exemplary embodiments of
the present invention and that numerous modi-
fications, alterations and changes can be made
therein without departing from the spiritand scope
oftheinvention as defined in the appended Claims.

CLAIMS

1. Inavalve,avalve body having avalve
chamber and inlet and outlet passages; avalve seat
elementin said chamber between said inlet passage
and said outiet passage, said seatelementhaving a
bore formed therein; an end portion on said seat el-
ementclosing said bore; atruncated conical seat
surface on said seat element, said seat surface hav-
ing a plurality of orifices extending therethrough and
communicating with said bore; a valve element hav-
ing a skirt portion and a pocket formed therein, said
pocket having a truncated conical wall; and means
movably securing said valve element in said valve
chamber such that a portion of said element extends
into said pocketin said valve element and said skirt
portion of said valve element covers a portion of said
plurality of orifices to form a plurality of tortuous
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flow paths.

2. Avalveaccordingto Claim 1, said orifices ex-
tending through said seat surface comprising a
plurality of axially aligned pairs of orifices, said pairs

5 being spaced longitudinally of said seat element.

3. Avalveaccording to Claim 2, each said pair of
axially aligned orifices having an axis extending per-
pendicularto the axis of said bore.

4. Avalve according to Claim 1 wherein said

10 plurality of orifices in said seat comprises a plurality
of sets of orifices, each set comprising at leasttwo
orifices which are circumferentially spaced equi-
distant from each otherandliein a single plane.

5. Avalve according to Claim 4, each said axially

15 aligned set of orifices being spaced circumferentially
of said seat element relative to each adjacent set.

6. Avalveaccordingto any preceding Claim
wherein the sum of the cross-sectional areas ofthe
orifices extending through said seat surface isgrea-

20 terthanthe cross-sectional area of the bore inthe
seat element.

7. Avalve according to any preceding Claim, said
bore in said seat element having a variable cross-
sectional area along the length thereof and where

25 the cross-sectional area adjacent the end wall of said
seat element being of a smailer diameter than the
portion spaced away from said end wall.

8. Avalveaccordingto any preceding Claim, said
end wall having an orifice extending therethrough

30 axially aligned with the bore formed in said seatel-
ement.

9. Avalve accordingto Claim 8, wherein the sum
of the cross-sectional areas of the orifices extending
through said seat surface and the orifice extending

35 through said end wall is greaterthan the cross-
sectional area ofthe bore in the said element.

10. Avalve accordingto Claim 9, whereinthe
sum of the areas of the orificesis at least about 20%
greaterthan the cross-sectional area of the bore.

40 11. Avalveseatelementforaflow controlvalve
comprising a body portion having a bore formed
therein; an end wall on said body portion closing one
end of said bore; a truncated conical seat surfaceon
said body adjacent said end wall; a plurality of pairs

45 of longitudinally spaced orifices extending through
said truncated conical seat surface, each pair of ori-
fices communicating with said bore, said end wall
having an orifice formed therein communicating
with said bore; and connector means on said body

50 connectable to aflow control valve.

12. Avalve seatelement according to Claim 11
said bore in said body having portions of different
diameters adjacent said plurality of orifices.

13. Avalve seatelement according to Claim 10

55 wherein the sum ofthe cross-sectional areas of the
orifices extending through the seat surface and the
orifice formed in said end wall is greater than the
cross-sectional area of said bore.

14. Avalveseataccording to Claim 17 wherein

60 the cross-sectional areas of all of said orificesisat
least abouttwenty percent greater than the cross-
sectional area of said bore.

16. Avalve substantially as hereinbefore descri-
bed with reference to and as shown in Figures 1and

65 2orinFigure 3 of the accompanying drawings.

16. Avalve seatelement substantially as here-
inbefore described with reference to and as shownin
Figures 1and 2 orin Figure 3 of the accompanying
drawings.
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