WO 03/ 016759 PCT/ US02/ 25811 FLU D CONTRCL VALVE W TH LOW PRESSURE DROP
RATI O FACTOR CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s application

cl ai ms prwormsiys7s® United States Provisional Application gemiwo22ssunber
60/ 313, 251, entitled "Fluid Control Valve Wth Low Pressure Drop Ratio 5
Factor, " il pHufBQONTROLAPRLVEWHIN COW PRESSUREDROYRATIO FACROIE O

fluid flow control valves and I n particurar to rrura T Ow COntrol var ves

having a very | ow pr eg05s. 86 PERENCIO TOREVATEOFFIERTIONS ul d 110w

control valves are in comopn use 1 n gas pilpeline systens, chem cal
processi ng pl ant styiehgpilid: | g dn
such systens. At ti sltaﬁérr1 gﬁ{}g’g@dﬁ%ﬁ?@%‘g#a@ggrg ?Pﬁ%lg\%ﬁ’ﬁgﬁid@%ﬁﬂ ?fol
val ve havi ngnunaey 6D6W3 25 &satitled "BlusiCortdl &/ afl vecWath [oiwaPressuee Dsdp Ratisuch t hat
the valve c be ,oper ated wit maxi mum (or choked) fluid flow wherein

t he floweswi IaITnacH?r gégé‘gbﬁt\é\%o‘;r]qqqonal to the val ve stem 15 positi on.
Attenpts have been nmade in the past to obtain a control valve with a | ow
pressure drop ratio factor by adjEEFﬂ%IQMaEIEm structure at the exit
side of the valve, . i.e.,  the downstream side of the valve after_ the valve
throttling area. Btisventien relaeste fividflomvantrelsgivesand i pasteuartg fukb

pressure drofyy e&ﬂtfblfvameeﬁa‘fiﬁggb%p% pleskitel o i il 0. 28, However, 11 1s

desired in certain 1 nstances ovi ow control val ve having
a very |l ow pressure drop ratio fact a pressure drop ratio factor
bel ow 0. 14. SUVWMARY OF THE | NVENTI &AQ\%IBWOW control val ve constructed
I n accorgance Wt ¢ rincihples. of .the 25 present.invention includes a
val ve bolg)y havi ngﬂgldfrkfol}’lp 8&? nqlg? ﬁg geat f?rﬂ{nan(ﬂlg? f’b@asé’&?hgeﬂ%wl?ﬁg?ﬁ&é y
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passageway and cooperates with a valve stem and B,Iug to control the fluid
f1 ow bet weerlim¢saherss grsquiremensfor 4 Huiddlow conirpl yalyethguing yenelowinressure The

seat ring inghyfgd hibPehiddritiENuch M HIA aPASTARDRTed With § MTMALGAL | Ng

(or choked) fluid flow wherein the flow will always be proportional to the valve stem

15  position.

Attempts have been made in the past to obtain a control valve with a low
pressure drop ratio factor by adjusting the valve structure at the exit side of the valve,
i.e., the downstream side of the valve after the valve throttling area. Such prior
attempts have resulted in reducing the pressure drop ratio factor from about 0.73 to
20  about 0.28. However, it is desired in certain instances to provide a fluid flow control

valve having a very low pressure drop ratio factor, such as a pressure drop ratio factor
below 0.14.

SUMMARY OF THE INVENTION

A fluid flow control valve constructed in accordance with the principles of the
25  present invention includes a valve body having a fluid inlet and a fluid outlet and a
flow passageway communicating fluid therebetween. A seat ring is mounted within
the flow passageway and cooperates with a valve stem and plug to control the fluid

flow between the top orifice of the seat ring and the valve outlet.

The seat ring includes three different internal passageways for communicating
30  the fluid flow through the seat ring, namely: (1) an upper angled portion extending

from the upper seat orifice and downwardly convergingly angled within the seat



30 the fluid flow through the seat ring, nanely: (1) an upper angled
portion extending fromthe upper seat orifice and dowwardly convergingly
angl ed w whioa/o14189 seat WO 03/ 016759 PCT/ US02/ 25811 val ve; pCTjusaz/essddl e,
substantially cylindrical passageway; and (3) a |lower, divergent outwardly

assageway e i . r eérﬁl’@ [of d
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advant ageous,, for suc valve requirin vV | ow pressure drop ratio
factor ro- bhue i Jor Ghebgine edbal At it b wi aBRIE BotGptopidd ' Che
fluid fl ow nghefii@nbwe val ve passageway into the valve seat and | eading
into the area of the valve seat where flow throttling is occurring. In

particul of, 11 1 SnaapBEhAldtnAfian b8 egRmI Al Afia i BEIR AR | C1 ent 10

nozzl e structure by converting fluid py I nt I'netic energy in as
efficient a wayirngsa woyHvwbessuse diopaatia facwrctonndudg agraddaliyetapgred, or " de

Laval " nozzle structure. In a.constr.ucted prototype angl e gl obe val ve

enbodi ment - of EAES PR Tishne ttbn e TlehipE e 651 PIPERY T B M6v | ded i n
accordance W4ihe §da€al 1cBdinp iR 1S artd\6f tho VSIS E€ Bat WhERMIW hrBRENERN an angl ed
seat and a contoured plug, a desired | ow pressure 15 drop ratio factor of

about 0.065 oeeyringhilaparticukr) iERs ESERlyRHvaMagous HEnDRAviNGBostesficienent i on
may be bgst under [ Tal).ow n descriptio ken in
conj unct o PP ThEALe BY shREFHAa tRS B fotlene BLS 1 Rpleha 5
nuner al s i dei pdsyible, kiénikir @8 bdrivetding Ribtveigingloal'dd Lanal'efozalkcdtiubturd)i ch: 20
Fig. 1 is a sectional viewof a fluid flow control valve with a very |ow

pressure drop rapi fcdmdfheted ptRIFOAANERbINVAINe ERBoMHRRESS the WRRAt6RN; and
Fig. 2 is an exploded view incorporating the valve seat and plug conponents

of the cont rwithgaepsanse nogge structmEprevidey mEsardmmecktipthe prigoiptss of thnd 2

illustrate o ' | avent i ' ' n angl I al ve
nas been pr Ve NP Roos Seoh el el A d ol SlrEd vl £ 1o S 0
under st otxd t dvab riticefaptor € aboud 065 ivpisiaciieval. f or purposes of illustrating the
present

BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be best understood by reference to the following
description taken in conjunction with the accompanying drawings, in which like

reference numerals identify like elements in the several figures and in which:

20 Fig. 1 1s a sectional view of a fluid flow control valve with a very low pressure

drop ratio factor in accordance with the present invention; and

Fig. 2 is an exploded view incorporating the valve seat and plug components

of the control valve of Fig. 1.

DETAILED DESCRIPTION

25 Figures 1 and 2 illustrate one embodiment of the invention in which an angled
globe valve has been provided with a very low pressure drop ratio factor. It is to be
understood that the present description is for purposes of illustrating the present

invention and the principles herein may be applied to other types of valves as well.

With reference to Figures 1 and 2, there is illustrated a fluid flow control valve
30 10 including a valve body 12 having a fluid inlet 14, a fluid outlet 16, and an inner

connecting passageway 18 for communicating fluid from the inlet 14 through the
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I nvention and the principles herein may be applied to other types of val ves
as well. Wth reference to Figures 1 and 2, there is illustrated a fluid

fl ow contwolozwad7se 30 10 including a val ve body 12 havi ngca/dsoaesgii nl et

14, a fluid outlet 16, and an inner connecting passageway 18 for

conmuni cat i ' | 1471k <

PCT/ US02/ 25%1%2‘?%{%%@}5?%%‘%?%% %%%%%%@@3\?%%%&%?‘?% body 12
t here i s noumilieav seat hing ROwAsedite plugnd2 20opefatesawvitie thel segt rd 20olopenabdkthe wi t h
the seat ring 20 _.to.control the flow of fluid bet e valye inlet 14
and the valv °‘6|9tf&]8_{dctleé‘."eef’r\t§e§fﬂﬁ’§‘rﬂ?\,\fi“fsa“dfth? H%&e Pﬁq\%ggaﬂﬁ Pi,/b\gﬁ?‘_é val ve
stem 24 whi cfyringd ﬁité?ﬁlw WitARuRhRGteM DPwhich ¥ 3lid#d1PrBanee withh a Vaveh in turn
is suitably nounted to the valve body 12. In a known manner, the valve

stem 24 dan bannst 26, atlich witpoide quitablymeinted to theevahiebgdp22i In akmewin  away from

a fluid sealin osLtlon . within the t ripng 20 for cont.robli the fluid
flow throughmf’%ée?’vtg &él?'e IStteml is]4 ?Jaﬁlc})ersélft g@ Sﬁﬂ‘éﬁ% tf’ﬁ’é’Sl?‘Pﬁi RIF%%&# f'gglaﬂ(?t he

di rection ofawdy Rum28dd eéuling Positioe withth fhe gl ring@0Sof EstolIiMgethe Bid hr ough

t he passageway 18, into the interior of the seat ring 20 and out the valve
outl et 16. |Howdugpghathedaliiet h the principles of the present invention,
there is provided a graduallg tapered, entrance nozzle structure for the

fluid as the fl ultds undgpstgoskibatithe Buighflaw isuip ke disestion of agow 28fsictethdOthand

into the  ntgr. feth [ The seat .bi.n 0.i.ncludes a _series of
ol 1 ow 1 Kner 8 Sloa oy e’ ¥ b She piGaa3R A% 15, 8 17 i or 75 Bl
ext endi ng f rzonaddsut sieatalvd ag@le06.f Inccofdanée withl eHeprinsipdest afihd grekant

cylindrical passageway 34, and a | ower diverging outwardly passageway 36.

The upper, afyeipIpHISELs siRKjdesa gradyallyiarered; casaenaprarly swentviefon the furht
surfaces 38 (Jfe hiif PRRREs ﬁﬁo%@n@,g@tqh@% GRAL%D Ald A @0 ?ltﬁ%no(f?ﬁeg Fig.

2) fromthe horizontal top s ac eat T1ng.
strai ght |i reeatmzg. Fhe featmsg 3Bin2lidgea eerixsiofioHow ey padshgawaysirihelading

configurgtions can be ytilized der the feachings. herein, such as a 5th
o et pdiynci penangled pssag St Suerde o Rdne AR E DG PEGC D10, B Ros ont
i nvention, th@k@ntislyyRniHed passagdvddusl, hiyd § WG N ginB 046 a1 i?'fags fhdypnce
for the fluid enteriyﬁ{gﬁt he pFuga%ld seat ring int e@?gce. T(I1”|}y |sag ¥
acconpl i shed3GyTheowpper, aygled passegawdyi 32ais iformedtHyalovantardlycgneangingiseat
surfaces 38 (in the shape of a cone) and extending at an angle a (see Fig. 2) from the
horizontal top surface of the seat ring. Rather than the straight line seat surfaces 38

20  generating a cone, other surface configurations can be utilized under the teachings

herein, such as a 5th order polynomial, etc.

In accordance with the principles of the present invention, there is provided a
gradually converging nozzle-like entrance for the fluid entering the plug and seat ring
interface. This i1s accomplished by lowering the seat line into the seat ring and then

25  shaping the inlet to create the nozzle.

Specifically, with reference to Figures 1 and 2, the upper angled passageway
32 is defined by gradually downwardly converging surfaces 38 and is made long
enough to cooperate with the contoured plug 22 so that there is created a gradually
tapered, entrance nozzle structure for the flow into the area where throttling is
30  occurring between the surfaces 38 of the angled passageway 32 and the contoured
exterior surfaces 40 of the plug 22. It is understood of course that the throttling area
occurs at the minimum cross-sectional area between the seat surfaces 38 and the plug.

surfaces 40 within the angled passageway 32 of seat ring 20. This unique structure
-3-



25 shaping the inlet to create the nozzle. Specifically, with reference to
Figures 1 and 2, the upper angled passageway 32 is defined by gradually
downwar dlwomsnwEsygi ng surfaces 38 and is nade | ong enouglrcrasoposer at e
with the contoured plug 22 so that there is created a gradually tapered,
entrance no i PIEER ' is 30
occurring b té\%‘gg?]stt{hﬁgltog{fﬁ? gg{ag&lg%lé) ?ﬁeﬁgﬂgﬁg@epassag \?/éat% gdg{ Og%%&l!ttﬁg
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| ar ge range mdkzlpt etswamire. changes. The cooperati on between the 5 plug 22 and
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“Laval nozzle" structure. In a constructed prototype enbodi nent of an
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of about GO\Pgegrees. Wth such a confjguration, the constructed prototype
enbodi nent WARbeutOflegracsq Wathyweh p ggni@yrption, theopstaysted RpYYReat i o factor of
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cl ear ness of rstandi ng o nnecessary m tations should be

under st ood tdh@Sefrom as nodifications will be obvious to those skilled in
the art. 4 WD 03/016759 PCT/ US02/ 25811
15 The foregoing detailed description has been given for clearness of

understanding only, and no unnecessary limitations should be understood therefrom,

as modifications will be obvious to those skilled in the art.



CLAIMS W claim 1. A fluid control valve conprising: a valve body having a
fluid inlet, a fluid outlet, and a flow passageway 5 disposed between the
fluid inlwooantg7she fluid outlet; a seat ring di sposed w tPiTrusotiessii ow
passageway, the seat ring including: a seat ring inlet; a seat ring
outlet; an internedi ate passage; 10 aEgfygnce nozzl e passage connected
between the seat ring inlet and the internedi ate passage, the entrance

nozzl e pass ddlal.udi ng surfaces generally angled to converge fromthe
seat ring i%rd the internedi ate passage, formng a narrow ng

passage, and the F””a.?gﬁxiJ‘Q&@o vg@gggrggggg%ng | onger than the

i nternmedi at e passage,; an outlet pass onnect ed between the

i nt ermedi at e passagdvaboiyt hawingsefinidrinley adluid edtlet,tdnd adildw passagesagge

i ncl udi ng sur.face eneral ly.angled to grgduglly diverge fromthe

i nter rredi%at é‘ﬂ%?é%‘ib%wte%g‘reﬁ“ﬂ‘ﬁgg?éﬁfl the fﬂ‘t}g%aﬁet , fornming a widening
passage; wherein { Q& hRg e{s?&@wiﬁmpﬁﬁwpés%gwa? the 384t b MAhdiRgSSage
between 20 the convergingly angled surfaces of he entrafice nozzl e passage
and the divergently angfabdnginiétaces of the outlet passage; and a val ve

pl ug adapted to seal the Il.ow &?els&,sageway, t he val ve plug including an
exterior plug surf ace. 2 FA HigO id control valve of claiml, wherein the
val ve pl ug cooperates mgiﬁtéﬂnéma{ehﬁsﬁgé;r ance nozzl e passage to seal the flow

passageway at a seat |ine disposed etween the entrance nozzl e passage and
t he int dfhedi at e passatfeentrancerpzzlel nasspge sannested\pgiwaendhe sgabiing mlet@ndr ei n

e o720 SuDRE AR 12l P BRSSO gl AR 111

inlet, and a secon ernedi-ate pa ichis
smal | er t hananghsd tbicostergpfomutheseatridg wietrtewarditheimerardiate @3sdgecformargair e of
ERe ot AnCE O Ans pasesgo. ad the Satralice Rorale passage beinglonger thar the ' ©
intermediate passage;
15 an outlet passage connected between the intermediate passage and the
seat ring outlet, the outlet passage including surfaces generally angled to gradually
diverge from the intermediate passage toward the seat ring outlet, forming a widening
passage;
wherein the intermediate passage forms a transitional passage between
20  the convergingly angled surfaces of the entrance nozzle passage and the divergently
angled surfaces of the outlet passage; and
a valve plug adapted to seal the flow passageway, the valve plug including an

exterior plug surface.

2. The fluid control valve of claim 1, wherein the valve plug cooperates
25  with the entrance nozzle passage to seal the flow passageway at a seat line disposed

between the entrance nozzle passage and the intermediate passage.

3. The fluid control valve of claim 1, wherein the entrance nozzle passage
has a first aperture located at the seat ring inlet, and a second aperture located at the
intermediate passage which is smaller than the first aperture; and wherein the area of

30 the aperture of the entrance nozzle decreases between the seat ring inlet and the

intermediate passage.



i nternedi ate passage. 5 WD 03/016759 PCT/ US02/ 25811 4. The fluid control
val ve of claim 1, wherein the entrance nozzl e passage conprises |inear
angl ed siwe3/0,k759he fluid control valve of claim1, wher@®cCa/ushy2snt rance
nozzl e passage conprises non-linear sides. 5 6. The fluid control valve of

claim1, wherein gutl ethOASRHARIrGIVIN o?.%?aim: 1,MRfeif i GttatdedfZzle passhhe

fluid control val ve of claim1, wherein outlet passage conprises
non-|inear s¢amayise8lingnangledsidesontrol valve of claim 1, wherein the outl et
passage is longer 10 than the internedi ate passage. 9. The fluid control

val ve of claim1, .whergjnst.he outle a s longer .then t entrance
nozzl e passage. 16. Thgh‘? FWQ&OB%%V g)‘iep@?%%elofw%gfeé? ﬂieéa,mr\%%er%’lzﬁ CPREEC
entrance nozadmprixes fé@tineadBilics.he outl et passage conprise |inear angled
sides. 15 11. The fluid control valve of claim9, wherein the entrance

nozzl e passage and the ouytlet passage conprise non-linear sides. 12. The

fluid comtrol val%e of T'a¢ Huighcontrolahvsiof clay lo Mhersie Uit Pa§sagsermpiifgs and

the outl et pm@g%lﬁd)m d se linear angled sides. 13. The fluid control
val ve of claim1l, erelér'l the entrance nozzl e passage 20 and the outl et

passage conprise non-linear sides. 14. The fluid control valve of claiml1,
wher ei n the int erhedi alTke fladsagkoliwlvenflotaiank, wletejn oytldt pdssagatampirtses The
fluid control valve aof claim1l, wherein the dianeter of the internediate
passage is s%ﬁréer?fflgﬁ‘y constant. 25 16. The fluid control valve of claim
1, wherein the surfaces of the entrance nozzle passage forma seating

surface angl e of &pproxhéBbidlcynttol vABR TR faim It, vharddh BR®utIPEFRSpEIiSIohgér t0 a
central 1%xis of the seat ring.

than the intermediate passage.
9. The fluid control valve of claim 1, wherein the outlet passage is longer

then the entrance nozzle passage.

10.  The fluid control valve of claim 9, wherein the entrance nozzle passage

and the outlet passage comprise linear angled sides.

15 11. The fluid control valve of claim 9, wherein the entrance nozzle passage

and the outlet passage comprise non-linear sides.

12. The fluid control valve of claim 1, wherein the entrance nozzle passage

and the outlet passage comprise linear angled sides.

13. The fluid control valve of claim 1, wherein the entrance nozzle passage

20  and the outlet passage comprise non-linear sides.

14.  The fluid control valve of claim 1, wherein the intermediate passage is

substantially cylindrical.

15. The fluid control valve of claim 1, wherein the diameter of the

intermediate passage is substantially constant.

25 16. The fluid control valve of claim 1, wherein the surfaces of the entrance
nozzle passage form a seating surface angle of approximately 57 degrees with a plane

perpendicular to a central axis of the seat ring.
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-6 WD 03/016759 PCT/ US02/ 25811 17. The fluid control valve of claim 16,

wherein the exterior plug surface of the valve plug forns a plug angle
with a plaoesper7pendi cul ar to a central axis of the val vecplusg/2isier ei n
the plug angle is greater than the seating surface angle. 18. The fluid

control valve of ¢fai Mrid fquidheh@bIVa RIS @Wh@rﬂi&theféxﬁﬂaf BiticT¥RESE Y 62

degrees. 19. A seat ring for use i'n a fluid control valve conpri sing:

seat ring i noithe valve phag foimgya pluglangle with 2 plane pemerdieulprto engatraliayisaf the
entrance nozzl.e ssage connect ed between t.he seat..ring.inlet _and the

"t or medi at o HLeRRge R R G D P Aer T BT 18 et MR ae T aces
generally angled to converge fromthe seat ring inlet toward the

i nternmedi ate passpge, The fluidgontrolnalveoyfl clgmpirs shgein e lidghghisr ance nozzl e
passage being |onger than the internedi ate passage; 15 an outl et passage
connect ed® befRRESHMAIRY P HegreRsdi at e passage and the seat ring outlet, the
outl et passage including surfaces generally angled to gradually diverge

fromthe internmedigte Rassage fbpﬁ@iﬂatmﬁdéﬁﬂ{owhmc% lighe: formng a
wi deni ng passage; and wherein the 1 nternedi ate passage f%rms a

transitional passasmtibegudeth the 20 convergingly angled surfaces of the
entrance nozzl e pas%?ge ant(il the divergently angled surfaces of the outlet
passage. 20. The 35 Pgﬂ& Bt claim 19, wherein the entrance nozzl e passage
has a first aperjidmermegiategfhsatpet he seat ring inlet, and a second aperture
| ocated at the internedi ate passage which is smaller than the first
apertur el0 and whe#e¢mranpenezziepassage sopnestedhetweandhe seat Aag anetraad e nozzl e

dect cases DeERIAISLRE i AL e AR ST ScRae L.
| i near angl ew cdndéerge from the seat ring inlet toward the intermediate passage, forming a
narrowing passage, and the entrance nozzle passage being longer than the
intermediate passage;
15 an outlet passage connected between the intermediate passage and the seat
ring outlet, the outlet passage including surfaces generally angled to gradually diverge
from the intermediate passage toward the seat ring outlet, forming a widening
passage; and
wherein the intermediate passage forms a transitional passage between the

20  convergingly angled surfaces of the entrance nozzle passage and the divergently

angled surfaces of the outlet passage.

20.  The seat ring of claim 19, wherein the entrance nozzle passage has a
first aperture located at the seat ring inlet, and a second aperture located at the
intermediate passage which is smaller than the first aperture; and wherein the area of

25  the aperture of the entrance nozzle decreases between the seat ring inlet and the

intermediate passage.

21.  The seat ring of claim 19, wherein the entrance nozzle passage

comprises linear angled sides.

22.  The seat ring of claim 19, wherein the entrance nozzle passage

30 comprises non-linear sides.



22. The seat ring of claim19, wherein the entrance nozzl e passage 30
conprises non-linear sides. 7 WO 03/016759 PCT/ US02/ 25811 23. The seat ring
of clai mwO,03m@sei n seat ring outlet passage conprises Ilpcmaso2/zsyl ed
sides. 24. The seat ring of claim 19, wherein seat ring outlet passage
conprises non-lizear Phel@s rimy SRlaiflf, $RRteit s9rifk oGlI&ipakhIe SN the
seat ring outlet passage is longer than the I nternedl ate passage. 26. The
seat ring oflinchmangledsidesherei n the seat ring outlet passage is |onger then
the entrance nozzl e passage. 27. The seat ring of claim26, wherein the

Compr i s6°1 i near diyl el RS OF AAREIE Weboif s Bhe phR e TLpBRIRAT

seat ring enfondiiear §ideszl e passage and the seat ring outlet passage
conprise non-linear sides. 29. The seat ring of claim19, wherein the seat

ring entrance nozzle assage and the seat ring outlet passage conprise
linear angl ed sides. 15hessat mngoicdaim 19, yhersin thegesh g ouflebpassagein longgh
ring entran d the seat ring outlet passage conprise
non- | i near gﬁ%ﬂ@ﬁ%@@#ﬁﬁégﬁ?@i ng of claim 19, wherein the internediate
passage is substantially cylindrical. 32. The seat ring of claim19,
wherei n the di angk6er ofhetdeat ring efralaih H, evhefdin frssatging autlstipassagetis kinggr
const ant . 33_9 Ttr}lle sgat ri n% 01;IS gleai m 19, wherein the surfaces of the
entrance noZ2f"°SRNRNELOFEF %% %at i ng surface angle of approxi mately 57
degrees with a plane perpendicular to a central axis of the seat ring. 8
27.  The seat ring of claim 26, wherein the seat ring entrance nozzle

10  passage and the seat ring outlet passage comprise linear angled sides.

28.  The seat ring of claim 26, wherein the seat ring entrance nozzle

passage and the seat ring outlet passage comprise non-linear sides.

29.  The seat ring of claim 19, wherein the seat ring entrance nozzle

passage and the seat ring outlet passage comprise linear angled sides.

15 30.  The seat ring of claim 19, wherein the seat ring entrance nozzle

passage and the seat ring outlet passage comprise non-linear sides.

31.  The seat ring of claim 19, wherein the intermediate passage is

substantially cylindrical.

32.  The seat ring of claim 19, wherein the diameter of the intermediate

20  passage is substantially constant.

33.  The seat ring of claim 19, wherein the surfaces of the entrance nozzle
passage form a seating surface angle of approximately 57 degrees with a plane

perpendicular to a central axis of the seat ring.



