2214616 H GH SPEED, H GH TEMPERATURE THREE- WAY VALVE FOR S
PRESSURE FLU DS UNDER LOW PRESSURE CONTROL Thi's invention reé%&eié‘j]s
three way sliding poppet valve for 5. 'switching high pressure, high
tenperature fluids under | ow pressure control and, in particular, this
invention relates to a low internal volune_three way val ve for hi gh speed
swi tching.of high pressure, hi'gh tenperature fluids w thout volune change

for precigion |aboratory Eﬁ”‘h“éﬁﬁ: Pllka%mt THRBEQUAN AL I8 #dﬁ per neanet er
tests w th corrosi ve 10C

test's, hlghterrper HINGMIGHSFRES L% s Ll oA aTLY. 2 DR e IS

10, 000 psi (68.9MPa)) corrosive fluids (such as br| ne oil, and gas) are
injectedinto core § les to. rreas rerelatl /e or ci.fic per 1|It of
the core sampl e, ﬁ"gnwfa?wapé? At 15 ° thEeEahed “fgea’a??%@va ve ‘tor
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response time suc . 2.0 seconds. Prior to the filing of the present
i nvention, a p&eantLamiepts yushas dis Wér§“?:"cﬁ‘f89c‘t"e€?rf“é§'ﬁﬂttei’ﬁ§‘% Wik cPETIgNeNg

US pat ent s:10l NfaQE@¢ involving core samples. US Patent No 25 C M.
Car l'son : 3, 2. 532

0
3. 016, 917 Maurice ‘P R§THRgmeter tests,” high temperature %*““E?’G 28008 (421°Gp Y and
Sor enson high pressure (such a3,105@0, p4bG6&EMBE ) Sorwrsdea fluids (such as

3, 762, 443 30 oql-; et, v o ke
ot al br1§$ (311 and% 5) arg 1n§8<éte é to 05F| seasmp e} kt? mea%ﬂre QZiSaﬁ Ve

4, o&w 700 Erioth sRaeksier permeability of the core sample. 0@7 cogswtewaapewvrin
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i or et er
4 567. 914 -Svolume change and having low internal volumE gs awe61t1 aas a rapid

response time. One prior art approach used "Valco" (Registered Trade

‘Mark) rbﬁary valves such as those manufactured by Valco Instruments

Inc. PO Box 55602, Houston, Texas 77255. Thesé rotary.valves, howevér,

20 have small flow paths and a sloQ_response time such ale.'S - 2.0
" seconds.

Pridr to the filing of the present invention, a patentability

search was conducted resulting in the following US patents:

[aventor LS _Patent XNo
25 C.M. Carlson ' 3, 002, 532.
, - N.C. Hunt 3, 016, 917
~ Maurice F Franz 3, 570, 541
Gerald Sorenson 3, 587, 156
_ Gerald Sorenson 3, 762, 443
30 Stoll et al. 3, 79, 075
' Brake et al. 3, 902, 526
Charles Perkins 4, 027, 700
Erich Ruchser 4, 067, 357
Paul Arvin 4, 103, 711
35 Clifford Peters 4, 209, 040
Clifford Peters 4, 217, 934
Coppola et aj. 4, 567, 914



The two patents to Sorenson pertain to the method manufacturing a

pressurised fluid control valve utilizing a valve spool centrally-l|ocated

in a val ve body. The enbodi nent shown in Figure 17 of Sorenson shows a

nmul ti - passage valve utilizing a symmetrically 5 shaped spool wherein the
spool has an incline surface that, seats against a sharp circular edge

formed in the body. The Sorenson spool or valve body is constructed of

def or mabl e resi “eenlm{mtp%%%l S %8'“%0%%:19& yﬁrpgar} ne, net%%r ene, hé’ﬁOl é;et\hyl e'ne..._
t
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si mul tneoys tRU! $diIRke BRaksosRWTCHody mﬁeylmomqrﬁe@@ép to DBE; &Nt
i nvention requi re'ss%on y one seali nqésurf contact the spool at a tine.
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i
short S|ca¥ val ve trave stol I nvention es use of disc
- pl ane seal ‘shel déb‘f‘éd’foﬁh%l RV AL rhnwrtleemsf ddgpbby suited sld@thqr@oah ven by
t he snap a@dﬁeaﬁbmfre@ﬁp@smgudl aphuegnforebi chrhar graseeltaydmecﬁahw hasthyat ed.

The rubber )ﬁ(}?iga ra r|S| ng 2931 gptooL o %JS d snap. ac i, on
di aphr agns® Rg n§ﬁ|‘fp & £8r 'i‘ﬁgﬂ Br i\.}FE <i-5 ’:fpp Pigti ons.
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fa‘il Z-Bhe §oet%}|£@fl x%l Eggoﬁe%lpiplteh H%QPBJ zlﬁ*nggotpxoudmg simultaneous

multiple seals caused by moving the spool. The cufrent invention

requires only one sealing surface to contact the spool at a time.

Sorenson valves are commonly known as 4~way valves, whereas the present

valve' is _specificall_\" a 3~way valve. Finally, the present valve

25 provides means of applying very large forces to a sealing line formed '

by the poppet (or spool) contacting the sealing surface i-n the body,
namely the large diameter pistons. _ : : o/

US patent 3, 794, 075 to Stoll sets forth a multi-way valve

having a swit:ching l.ime of six milliseconds and exhibiting short

30 physical valve travel. The stoll invention makes use of disc plane

seals 10catcd on a symmetrical centre spool. The spool is driven by

the snap action of opposing diaphragms which are hydraulically

activated. The rubber diaphragms comprising the spool end seals and

snap action diaphragms make this valve unsuitable for high. pressure

35 applications. High internal pressures would collapse tLhese parts

causing the valve to fail. 'l’he central 0-ring seal of the spool is not

constrained so that back pressure on the seal would unseal the O-ring



constrained so that back pressure on the seal would unseal the Oring -
3 - causing 'l eakage. This is not the case in the present invention.
Because of flexure of the rubber parts sone internal vol une change nust
occur in the Stoll valve after the seals nake initial contact. = This vol une
change will conpress the fluid in one part of the valve causing 5 a

pressure change. Th| S probl em does™ MGt exist in the pr esent
i nventiopy .. Under di f erenti al ressur.e unsupported
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accent uat ed -at: thzgisetdrrﬁla&mt eiroé. theThebber gsens sevat igterses vodusd ldhengealising
surfaces Lo el GELAAGE LICSBIOOLENe e the sesk® BALE Ty 0feadl7 irppuied
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abuts against a correspondlélggﬁangl ed seat in the cavity. Hunt utilises a
t

metal to 15 IAE&4i°Bngag etthedi Tt Henyidl e Péﬂf%\’rrﬁen’e‘}ﬂ AREURAEted ot
to provide a S@Mst&@ali’tSEedleakﬁgeb)OfbtfnllUkndy pxpeSiehee exthesival V&he Spriddléem i n
t he cl osed p05|t| on bYua"{EE‘ S, %f a sol enQ id anghl s ret rnvgqv QL

acce Agh tempera ure e es 'anP?PEd
condi tion by mean a spring I E IS " Efbod M rent™>the "€anht MaF° VET Ve ]scpool
i s not hydrostaeahamlgl ayurtfatemctedell@@)nate the probiifem. US Patent - '3, 570, 541 to

Franz setsqgforth aukhﬁzﬂ%n\{"a)’ dmfsecb'ﬂ)”ias'su&i)nw QJunYaLé/t% Q@thga 3vaf195”?61r
poppet rrenber located internally to a body wherein dy has i nternal

di sposed coni capntirod hipgedigkapressre Sdpkbt i \)'éeer’glé{Qeﬁéﬁ'ﬂgeW oh Hupd béf)p%'t
nenber to openeaitgeh QeatFNehbdy 86BN aéalnv&ung he SORARLedBERGhg G faEAt

incorporate 25 an elastoneric ma eri nz val ve s designed to
operate ot 1000Psih (EBBTSRM &t AManvalE: YAIThG SIFEEIA r bR vRPLRT o
cont\ol oper at mgreasbondﬁﬁtgpsmgl(eé&?dd%a)m U Ratvéng. 4,Hub67ytidided ca Geppdl ta
relates to,a t ﬁQJtaHgg«%eﬁ‘l'h%“\%ﬂe Q’{Jé Qﬁ%\ﬁQg:datﬁeeggggléé%/pr%!v?«ﬁé)sed

poppet nenber aV| ng surfaces selective )
coni cal seatsa qealqueam@(tjpb@;ﬂlkzsh‘;ié miedtlbish presgiusi gnkhe We#vestléahﬂdjrlbi hle

control systengjq,Jdiepdls thah et méansog? %%Yeﬂd:idwsi%r rét%lrﬁ&cﬁstot ¢hé opened
sliding/spool direction control val ve wherei n he spool is o
symet ri cal .condition by means of a spring. .In this embodlment the central valve

spool is not hydrostatically balanced.

20 The US Patent 3, 570, 541 to Franz sets forth a three way '
directional control valve having a formed poppet member located
internally to a body wherein the body has internally disposed conically

_ shaped seats for selective engagement wilh the poppet member to open
and close the three way valve. The poppel member and seat incorporate

25 an elastomeric material. The Franz valve is designed to operate at 100
psi (689.5kPa) with an activating piston drlven valve control operatlng
at 70 psi (483kPa).- _ _ _

liS Patent 4{ 567, 914 to Coppola relates to a two-stage hydraulic
solenoid valve having a centrally disposed poppet member having incline

30 .surfares that selectively seat with conical seats. The Coppola
invention is designed for steam turbine control systems.

The US Patent 4, 067, 357 to Ruchser relates to a 511d1ng/9p001
direction control valve wherein the spool is of symmetrical
“construction and is driven by two opposing control pistons. The

35 Ruchser embodiment provides a novel seating ~arrangement that

-.selectively seals despite loss of tolerances due to wear,

manufacturing, or use.



bonstruc_ti on and is driven by two opposing control pistons. The 35

Ruchser enbodi nent provides a novel seating arrangenent’ that
selectively seals despite | oss of t ol erances- due to wear,

manuf acturing, or use. - 4 - The remaining patents -uncovered in the
search are not pertinent to the present invention as those discussed
above.... In the course of making relative permeability measurenents on
core sanpl es, I %u I ESSU € Gor 03| efIU|d qus{ -5 .
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In more detail the three way valve of the present invention
comprises:
20 . a valve body constructed of a material capable of withstanding
' the temperature and pressure of the high temperature, high pressure
fluid, and having an inlet port formed therein for the admission of the
high pressure fluid and two outlet ports positioned symmetrically on
either side of the inlet port for the discharge of the high pressure
25 fluid; -
a high pressure fluid flow path in the valve bodv conneciing the
inlet port symmetrically to each of the outlet ports and comprising a
central cavity formed in the valve body and in fluid communication with
the inlet port_and with each of the outlet ports said cavily having an
30 elongated symmetrical shape with a central cylindrical section and two
opposed cylindrical end sections of lesser radius than the larger
centrai section, the inlet port communicating directly with the centre '
of the enlarged central section, and the two outlet ports each
communicating directly with a different one of the two end sections at
35 points equispaced from the enlarged central section, the transition
between the central section and each of the two end sections forming

‘two opposed valve seats;



opposed cylindrical end sections of |esser radius than the |arger central
section, the inlet port conmunicating ditectly with the centre of the
enlarged central section, and the two outlet ports each conmuni cating
directly with a dlfferent one of the two end sections at 35 poi nt's

equi spaced fromthe enlarged central secglon the transition between the
central sectlon and each of the two end Sections form ng two opposed val ve

seats; 5- an %hom,%s&dsxgmi ri A vxw%pgppgﬂlklemeewcm&ggé&{ et gd

of a matlés f"’al resi st ant nper at ur e ressure
hi gh tenper at umatemniadh rigpisiant e to| Lﬁhd r‘é&’P'ifraééé‘Fly"%ah‘t%&ri’n%alt&ecé\}i&h

and conpri si ng tampdahargedi 8 eﬁuxseﬁmnl&ma&ﬁ%l Rod@deit a.g8dcavity

central section of the CaVIt%/‘iﬂr}r %f ggosed shaft sectiogns extendjng _
theref rom -t he 3PS ¥REH {1 "Eed f§o5T2luaC e o n S L HRYehatn n%‘ ﬁ“’e%&géﬁinal

radi us | ess5t haentiad serditis o(ﬁftl’iehéa\aﬂd arictwopppadedt heafmas/dcttyonst et @ldying
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engageabl.e each W th ferent one o the two val ve seats forned

central cavi tyvséw@%(hv tfﬁé g1 Hoyerl bénk PaPsuEEflard offem Hhe FWE)tréhocaVltV
sections asot thV@-ﬂié/Q)u$D&0|pok 6s,l @6k pmcaawnaﬂ;éd caitkil mehbeomaifveh@wlby,

thereby to swtch htg ressur«? Llldflowfr t ach .of
outlets in turiPhHh 14" Iggaltp?lgsﬁ'?"fe { he? ‘ot t?@f’osezgndiorr‘flé hsc°1nbfelre3?°6’ AV hg

t he val ve spoolsurBicasi v«aaltiogtmeen\gaieﬁd)lbodgtht eieh fectiffaeent| osengf dfhet oot wo
val ve seats al Lﬁwgsl s\Z/bQQﬂnetth‘eCt%@S@eqx‘é?Qf c?a\% £F B AR cﬂé‘%n*ﬂé%dpw&%ﬂi €

fluid between sald reclprocatin
conpeising: a pafkionf dmbﬁdlgeélmplesr@oh%ﬂnﬂmﬁtféd the vaaevapapd b@)dSﬁCaﬂdocaLEd

oper at i vel y5copRegireehd oamecmepslti,@r&,@dﬁo Qhi w,etﬁé 95@%@@55\&% wqus.@qquw
the shaft sections of which project fromthe val ve tQ en e said

pi stons, with & {tPgHPlekdpseas ‘ffg°‘b‘ol§|tf|’dhb‘bf”a\”b‘dﬁ& %%161"% Lbgapthers
sections, between aammeamhaf)t xesmtok aningnthe tdivevedosd 2Qdyive @o [Hhewanive

| eakage of the h ﬁseswﬁ |d arofungethe sllaft nd ans, f.or fdeeﬁglieng

e os twg valve Se ternately an
a |l ow pressure contro 1f? mihe y
consequent switching of the hlgh pressure f1u1d between the two

20 outlets, said spobl reciprocating means comprising:

a pair of opposed pistons mounted on the valve body and
pperétively connected- to the opposite ends of the elongated valve
spool, the shaft sections of which broject from the valve body to
éngage said pistons, with gdas tightl seals being positioned around said

25 shaft sections, between each .shaft section and the valve body to
-prevent leakage of the high pressure fluid arouhd the shaft;

' and means for feeding a low pressure control fluid from the low
pressure control system to each of the pistons in turn whilst veniing
the other. '

30 . Preferably the operating pistons have a diametler at least ten
" times greater than the diameter of the sealing surfaces on the enlarged
portion of the valve spool. '

| Preferably the operative travel distance of the spool is less
than 0.76 mm (0.03 inches). |

35 - Reference will now be made, by way of example, to the_
accompanying drawings, in which: '

Figure 1 is a cross sectional view of the high pressure, high



pressure contr ol

other. 30

Ref er ence

'system Lo each of the pistons in turn whilst venting the

Preferably the operating pistons have a dianeter at -

| east ten tines greater than the diameter of the sealing surfaces on the

enl arged portion of the valve spool. Preferably the operative travel
di stance of the spool is less than 0.76 mm (0.03 inches). 35

will. now be nade, by® way of exanple, to the

acconpanyi ng drawi ngs, in which: Figure 1is a cross sectional VIGW?
hi gh presstifeeergiyie three gay vadhp@fathy @respdeinwgptienve of the pr el éh.t

i nvention,
Figure 1,
5 spool

Figure 5 shows Frhgurdes aslhb\Ss ofie idoeaidet uﬁlthenxyageﬂeeﬁldmbd\@emidiewpn@l seat
and the val ve se sho a Liy, 4 he valve
of the presgo‘%l é/aégﬁf‘f; 1%“ 348ts0r ?—Lhte arﬁ |§ an rSd'gagperspectl ve

vi ew show ng thélelUWperﬁ?Ws tdfe dﬂ@lﬂhr@ethC‘&adlk/eengFagmne itwsem tdiede
- planar viewpgf; kbe RhataR endCaps,0f the valve of the present i nvention,

Fi guregsurésan@dnd Sbaw the dpeesaionOst Qhet iR ek 8eviwy ¥yaltne of the

Flg re,4 shows the details of the central enlarged portion of the

§|hg the valve seats of the valve of Figures 1, 2 and 3,

Figure 9 is a side planar view of the piston, ure 10 is a
si de pl anar vi efi®# e Re SB%‘(:%"HQ"’FW‘F@‘atF‘feglﬁmBO‘ili““Pé of sthee Vp}llé‘ha"rf viféw of
pFéguteirkZnt forg si-de planar view of the first half of the valve
body, 'gure 13 |s a side Ian r.view of the other half t he val ve 20

31 e R PRdpa LY.

t he spool,

body, Ffgure 14T1&4§
i Aventi on bﬁtﬁﬁCDﬂﬁeCWedvahwa rel ati ve pernmeaneter

the three way V%'%ﬁeC%”?
machi ned from a nfckel
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35
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valve of the present 1nvent10n,
Figure 9 is a side planar view of the piston,
‘Figure 10 is a side'plaﬁar view of the packing ring,
Figure 11 is a side planar view of the spool,
.Figure 12 is a side planar view of the first half of the valve

body,

Figure 13 is a side planar view of the other half of the valve

body, _

Figure 14 is a block diagram showing the valves of the present
invention interconnected in a relative permeameter.

Referring Lo Figure 1, the three way valve comprises a main body

10 and a second body 20 both machined from a nickel alloy ("Hastelloy"

- (276 Registered Trade Mark) with a yield strength of approximately

70,000 psi (482 MPa). The primary advantage of this alloy is its
extreme corrosion resistance to brines, hydrogen selfidee, and other
chemicals found in petroleum reservoirs at temperatures up to 400°F
(204°C), although the alloy will operate even al much higher
temperatures. The two bodies 10 and 20 are machined to fit together to
form combined structure having three formed ports 40, 50 and 60
contained therein. Formed pbrt 40 is a fluid inlet, whereas formed
ports 50 and 60 are fluid outlets. As mentioned for permeability

tests, the fluids may comprise gas or liquid corrosives at high

. pressures over 8,000 psig (55MPa) and up to 10,000 psig (68.9 MPa). 1In

addition, the valve functions at temperatures from ambient 70°F (21°C)

up to 250-350°F (121-177°C). The oﬁly temperature'limitation is the

Referring Lo Figure 1,

f'é%gékgf’dtn%rbﬂ?@% 19 and & s6Rond ady &0 feth

&/

-



25 - 276 Reglstered Trade Mark) with a yield strength of apprOX|nater
70, 000 psi (482 MPa) . The primary advantage of this alloy is its
extrene corrosion resistance to brines, hydrogen sulfides, and other

chem cals found in petroleumreservoirs at tenperatures up to [err]

([err]), although the alloy wll operate even at nmuch higher 30
terrperatures The two bodi es 10 and -20 ‘are nachined to fit together to
formco trupt re, havi thre f or med orts 50 and 60
cont ai ne her SFhsettf'B‘bpltg’aﬂ 3 ‘fllaﬁl”ﬂ"‘?’nﬁ'éfe“\ﬂlne?'eﬁef Btykea ptt s
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fl,ui ds my co o) q re i g pressures over
.8,000 psig (S%zbiﬂgggﬂp&t (‘)lblg 38%9 é%sdoz(lgé:og 1/:} at%lﬁecaddﬁ}%fa?)snuretshe
:val ve functi onsange fanmmpéesst thars 1f mesanﬁSeﬁkPa{)em]w(,P@G ws) 68.0MPA30-[err]
(I21-[err])s The O loppd SMReLRUSE bolifdd abi 91?1 h§ atrlgelocatey él’ﬂ%a ed rings

(Regi stered Trade I\/ark) el astoner material on the piston and shaft seals.
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[err] ([err]) s®ound bes.at tnakmd.d Lé?ft@ﬁﬁw ahrédsh camgiel Obdnyl essdéﬂamlas@o

psi (68.9kPa) to, 1 ORpPOSi ng ends
bodi es 10 and - ?% 8 g‘t"e’(ﬁ' 'é'ag/gd)"f’l Ries76° and %aa) E 3"?@"93 efled
rings 70 and 708eealigwpp0os) hgvirendncapiarsé Mddlﬂ)@ortﬁnsp)ﬂsedtheﬁtrﬁal Poa

t hrough coygi n(e‘q1 QQ&%dB’inb( g%, g npo&iﬁ %8(1)) @ﬁgfts’ecq{a&gtgjodx giq]aa q’d’al ngs 70

and 70a) is a valve spoo gure avin
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shafts. Restifime@aorss 120RA31 MDaCNASc AR raly dht@li SPOMosIHg @he A8 80
pi-ston heads 100 and 100a. . The fornmed ports, 110 and 110a are centrally

| ocated in opp¥ Al -entl fduh BYF &KeMAI6a. 108 #ituPERSSHBEE odx8hprie (PoRkia) is -
pressure of 805¢]$bgl\(£501kﬂa)lef§i setldacthé welrmedjebwemed i IThe f&)@eﬂonsdmdmnrts
1.10. The.forrrpod f ‘p @ gg‘ t|o throu%g g
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104 fit around?&@e ai,sten 136900# thré}\“g,e n%a&'%'od seaI bet ween chanber 120

and the rest of the apparatus. EW se Ori n&o seal 22 is provi ded
in body 20 and ar outid 18R%f 104961 baaraeeth %'Gdylsz@"ah t4er @BeNeider pnfluid. seal

Li kewi se, an Petiwess c%@lﬂler]-?m %(prtﬁylrgeﬂ opetnesppadys. 10 ikedi $d)r eadedisd ng
70a al ong }he ShquZ is provlged 1¥1|br(]) ’10 andczlaround shaft 90 between body 20 and
threaded ring 70. L1kew1se, an 0O-ring seal 12 is provided belween
body jO and threaded ring 70a along the shaft 90. The O-rings 12 and
22 form'pressure seals and are pre-loaded using.an external packing
assembly and spacer ring 29. The external packing assembly 1is
25 comprised of the threaded rings 70 and 70a. These rings are drawn
together, as shown in Figure 7, by four "Allen" (Registered Trade Mark)
head cap screws 700 and 710 which serve to hold the rings 70 and 70a
and body parts 10 and 20 Logether. When tightened the bolts 700 and
710 also cause the O-rings 12 and 22 Lo be compressed causing a stalic
30 seal around shaft 90. The spacer rings 29 and 29a placed inside O-
rings 12 and 22 insure a pressurised fluid path across the front face
of.the O-rings 12 and 22. This provides a dynamically actuated seal
with the sealing force being proportienalzto the applied pressure. 1In
addition, an O-ring seal 14 is provided between bodies 10 and 20.
35 : A chamber 130 is provided between the inlet fluid port 40 and Lhe
two outlet fluid ports 30 and 60. The fluid O-ring seals 12, 14 and 22

selectively seal chamber 130 from the rest of the apparatus. The end



22 form pressure seals and are pre-loaded using an external packing

assenbly and spacer ring 29. The external packing assenbly is 25

‘conprised of the threaded rings 70 and 70a.- These rings are drawn
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the high pressure, high temperature fluid is through a formed
passageway from the input port 40 to the second output port 60.
Likewise, in Figure 3, the spool 90 is delivered in the direction of
arrow 300 so that enlarge section 140 firmly seats against edges 160.
In this manner, fluid 270 is delivered in the direction of arrows 310
into the fluid output 220. Hence, the flow of the high bressure, high
temperature fluid is through a formed passageway from the input port 40
to the second output port 50. . '

In Figure 4, the .enlarged portion 140 of the spool 90 is shown
selectively seating against circular edge 150 which comprises the valve
séat. In the embodiment shown in Figure 4, the valve seat 150 is a
right angle edge engaging the spool seat which is an inclined angle 142
of approximately 30" from axial. When the spool seat 140 engages the

valve seat 150, the total resultant force 400 as shown in Figure 4 is

principally equal to the force 410 corresponding to the low gas

35

pressure such as 80 psig (550kPA) being delivered in from source 240
and impacting upon the piston 100. -

The force 410 is transmitted from the piston 100 as pi .times the
radius (r) squared times the pressure (b). In the preferred embodiment

where the radius of the piston is 0.81 inches (2.05cm) and the pressure

rough port 260 and



20 - the high pressure, high tenperature fluid is through a formed
passageway fromthe input port 40 to the second out put port 60. Likew se,

in Figure 3, the spool 90 is-delivered in the direction of arrow 300 so
that enlarge section 140 firmy seats agai nst edges 160. In this manner,
fluid 270 is delivered in the direction @f arrows 310 25 into the fluid
out put 220.. Hence, the flow of the hi gh” pressure, high tenperature fluid
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- allows a line seal Lo be maintained at low stresses. As the applLed
20 - load forcing the surfaces 150a and 142a together increases the material
at the sealiﬁg line deforms elastically to increase the area of contact
thus reducing the stress and decreasing the possibility of permanently
deforming the parts.
Figure 7 sets furtht in perspective view, the assembly of the
25 present invention. In Figure 7, the shaft 90 is inserted through
formed passagéway 24 of body 20 and then through formed passagewéy 74
_of threaded riﬁg 70. Likewise, end 92a of shaft 90 is placed through
formed passageway 14 of body 10 and through forﬁed passageway 74a of
threaded ring 70a; Once bodies 10 and 20 are placed over the shaft 90
30 .and the threaded rings 70 and 70a are placed over ends 90 and.OZa, two
- bolts 700 are inserted Lhrough passageways 702 of threaded ring 70 and
| 704 of body 20, 706 qf body 10 to engage threaded region 708 of
s .‘ threaded ring 70a. L;kewise two opposing bolts 710 are inserted
‘through passageways 712 of ring 70a, 713 of body 10 and 716 of body 12
35 to engage.threaded region 718 of ring 70. The opposing bolts 700 and
710 areltightened firmly to hold threaded rings 70 and 70a to the
combined-body 30. After tightening of the bolts 700, the pistons 100



15 this enbodi nent, the angle of inclinations of circular edge 150a and

surface 142a differ slightly. The angl ed surface 150a nmust have an :
i ncluded angle slightly lTarger than the angle included by surface 142a. A
di fference of angles of [err] -[err] is sufficient. Thi s arrangenent

allows a line seal to be maintained at |ow stresses. As the applied 20

| oad forcing the surfaces 150a and~1¥a together increases the material at
t he sealing Ilne defornms elastically_to jncrease the area of contac{ =thus -
reduci ng t K84st008sareaRipcrdc P s RYE PRe?odér HiesPest el petindhetit P§ é%%‘rm ng -
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20, 706 of 10t n e, thr t ed ring 70a.
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onto the threaded rin and 70a, respectively. In this fashion, the

three way WarJam %F’Fﬂ? Ipthesads §20vaFk iPsAYided; 8% APYnassenbl ed. 5 :
The detail.s of txhereg\ﬂecmp&rﬁodamilsoat ame shown 100 RirguERoWh. A fegur NG

the end.cap 80 is . preferably chi ne teri such a Iumn and
i ter MaonPRehy el e fias: G Oridn e IR Shu e by Sohi deflete WL en
84 is dril liedheshr(duptem)hes sihden 86 afr reh0@ndnt afhe8@nner idhamndter pf efher red
embodi ment ¢obiéy <6061 168P1s 8012N8RC UL (SUIhIE Hle edin@iTifhifd 18600 Nohes

(5cm as shown by arrow 80 as an I nside diameter of 1.625
i nches (4. P@O‘(‘Fh)ma@%ﬁ&/\h Wtap¢s()\§pésl ntigidy into the piston 100 and, in

the preferred embodiment, the piston is 0.32 inches (8.13 mm) in
20 tﬁickness and formed opening 106 extends inwardly 0.262 inches
(6.65mm). Aeformed slot 104a extends around the outer surface of the
piston head to receive the O-ring 104. The piston head 100 in the
preferred embodiment is machined from aluminum material.
The ring 70 1is shown in Figure 10 and in the pxeferred
25 embodiment, has an outer diameter of 1.75 inches (4.45cm) as shown by
arrow 1000. The fofmed passageway 74 has an inner diameter of 0.125
inches (3.17mm). The threaded ring 70 has a boss 76 wﬁich engages a
corresponding circular cavity 26 in body 20. The diameter of boss 76
is 0.25 inches (6.35mm). The holes 702 and 718 for receiving the bolts
30 700 and 710 are shown in Figure 10. _
In Figure 11, the details of the spool 90 are shown. The spool
90 is preferably made from a corrosion resistant material such as
Hastello? C-276. In another embodiment a much harder material such as
Satellife (Registered Trade Mark) 6B can be used. " This material
35 possesses slightly less corrosion resistance.but is more resistant to
wear and deformation after repeated use. The spool in the preferred

embodiment is 2.610 inches (6.63cm) long and surface 142 is oriented



port 110 typically has an-inside diameter of 5/16ths of an inch (7.93mm).

| nternal threads 820 are provided as shown. In Figure 9, the details of the
pi ston 100 are shown. In the 15 preferred enbodi ment, the outside

di aneter of the piston 100 is 1.620 inches (4.1lcm as shown by arrow 900
and the inner dianeter of the forned slot 106 is 0.127 inches (3.22m).

The forned openrng 106, as shown in Fig Jre 1, extends substantially into

the pist; an in.the preferred enb t t he ton is 0.32 inches
(8.13 m‘%p‘ gbm" qfnﬁ oGl 5§n‘§gl?%srrar§ 088 Agro™ 6260Sextends i nwardl y
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ring 70 has a®pbdy 2% RAi &h ’é‘ﬁﬁhd@gmﬁteﬁof’%e%ﬁénﬂ?ﬂﬁs ?(? iaérm} PGy Feseivgsin

body 20. Thethé dwss ett 6fonbabs thoeadedOr g i70cCtve$ofnb a3begipn Tdnve th@l@-&iﬁQZ
and 718 for r. gg hX&nOQnt Or?gu?%l tS R%che&OQPam%@g W%lon Srgggvpv 15Ny 1 gggoq 3‘(9

Figure 11, the etarls e 'spoo are
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(Registered Trade Mark can be used his materi al possesses
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i nches C on su is oriente r axi al at
30 degrees as%%‘ﬂ\ﬁn tl’éﬁ’g é\l?sffbo F%Bu‘r% °f§ratﬁetwé?h Pogy Fﬁ]e gf(?y 2 are
shown . The bodvltz?szha@ aimgolis er Idnatreebeaffemfedz embodigent 5. a08clgr asg modh by
arrow 120 0 0] f erabl f t
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710. Cavity 282ha9 a\rrqlnﬁermeawamét‘ém@f m):hzs 1n§71@$) (6A1§E9nﬁ‘}1°‘e{hdnr}"ek$§r€/es

the boss 76 fromikhget PIRIAEH bi Nle Fui® JuRIER FoFEYD WhikRTist R HInkd NEL&S
shown in Fi gure Reduced di aneter region 28 receives the spool 90 and is

1,
integral wit hPPhe2@riMaf §88YHItaRR ef 256 GP on FRR AR AL ROTH PG Mgy @ threaded

-region 62 integral with a region of taper 63 which is in fluid

20 eommunication with a passageway 64 to cavity 130 as shown in Figure 1.
- In Figure 13 the details of the body 10 of the valve of the

present invention are shown. Body 10 also has an outer diameter as
shown - by arrow 1300 of 2.00 inches (5.08cm) in the preferred
embodiment. Holes 706 and 714 are machined through Lhe bhody for the

25 - bolts 700 and 710. The left body 10 is also machined from Hastelloy-C-
276 material. The formed fluid inlet port 40 with its threaded region

42, its taper region 43, and its passageway provides fluid
communrcation with cavity 130 as shown in Figure 1. Likewise, the
fluid outlet port 50 is machined into body 10 and has a threaded region

30 52, a region of taper 53 and a filuid passageway 54 for putting it in
- | ' fluid'communication with cavity 130. As shown in Figure 13, the
circular cavity 11 in the preferred embodiment has an inner diameter of
0.500 inches (1.27cm). A second and inwardly disposed cavity 13 has, .

in the preferred embodiment, and inner diameter of 0.219'inches (5.56

35 mm). Area 15 is of reduced diameter which in the preferred embodiment

is 0.150 inches (3.8%mm) and forms the remaining part of cavity 130.

This region 15 is in fluid communication with passageway 54 and port



10 the formed passageway 130 as shomn in Figure 1. Region 24 term nates
in edge 160 as shown in Figure 1. Two raised cylindrical bosses 2% and 26

are formed on the opposite surface 23 of body 20. "As shown in Figure 1,
t hese bosses 21 and 26 co-operate vvith body 10 to forma cavity for O-ring
14. In the preferred enbodi ment, qgl region-21 15 has an outer

di anet er of 0 400 i nches (10. 16mr) “and annul ar region 22 has an. out er

di anmet er e ( 7 I h i n. Figur he
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Fi gure 13, "t“ﬁgebllr AR Andy %%’\/HW 1 PFeFerped
di amet er of priesSGfe wodmesccﬁnile E]?d:ld’).ffexAnSBﬂOﬂﬁbs&nde i hewae €H yhellfslpmadleaw ty

13 has, in th ree odlrret inn ter o 219|n hes
(5.56 35. ‘r’*ﬂﬁ% 3y nﬁ a“l1 e?sn(pof hecggpp ahR tes‘r g\b\hlrr%r? in % cgu;s)eré’ erred
enbodi nent $mn©tt115?@1| ncme(l@tsmthanddi‘cﬂsrrs uptre seirtehinsgtheaet iof neavi ty/

130. Thl'ss r &ng0 i 115tl'|e31h&$k9'\%lﬁﬂmnt&aﬁlkmc%3htH@ﬁ&%Q@“@%ef’ére%@ﬁt port

- 12 Final ¥ posi n sur IS an annul ar  cavity
recept i ve ofnvePFiafy T ey Sl?”éﬁﬁ""s‘pé&@r“r’ﬁfﬁ‘ 3y.areas such as permeabilitypen

fully assentdsed, the griisf ouided ﬁlrtavebrﬁe, voluid @ hphgf elfufk &gk ehechimgnta only
15 to 20 th léﬁ]p gpof an .i.nch (Q r.to transfer

u S fows 0 SO E NG OB 5P S ooty B S e, val b

i.nvol ved, hatthme fThii s S watcIsi ng:sbhe inglher essuded pressure trace and

20 displaces fluid in the valve body. The fluid displacemeﬁt is

cumulative and' causes errors in material balance calculations during

the displacement. These erfors in accounting for the displaced fluid

volumes generate significant errors in the final results of the

experiment. This does not occur in the valve of the present invention.

25 The valve finds application, in the preferred embodiment, for use in

high pressure - high temperature (single phase flow, two phase and

three phase) relative permeameter tests. In such cases, the three way

valve of the present invention operates at up to 280°F (138°) and

10,000 psig (68.§MPa) in the presence of corrosive fluids such as

30 brine, oil, gas. Clearly the valve of the pfesent invention.finds

application in other high temperature and high pressure environments
including other precision laboratory measurements. '

In Figure 14, a fluid saturated core sample, not shown, is

contained in the core holder of standard Hassler type design 1400.

'35  Fluid, such as brine; is- injected into the core through a pump 1410 in

this éasé consisting of two positive displacement cvlinders 1412 and

1414. Flow -into and oul of the pump cylinders is directed by 3-way

SafiRnt, Lhguadens SETREIoRn i nner



fluid fromthe inlet port 40 to either one of the outlet ports 50 or 60 is-
on the order of 15 nilliseconds. The present invention, therefore,
provides a hydrostatically balanced three way valve which is 10
symretrically constructed. The air pressure of 80 psig (550kPa) for
sources 240 and 250, in the preferred engodi nent, provides sufficient
pressure to overcomne the differential pressure between the fluid inlet port

40 and e’L er ong.Qf14bbe nubl &y p@[ﬂﬁ iﬂe%te@gnt iRCERAUSE Wi ch NGeSY, ﬂ%iﬁd cal
arrangenefit of the valves, upon swtc is no 15 change int

i nternal vol unk &f "‘E‘Hécvsé’ﬂﬁ@lénbal"teﬁeMéPoﬂén taH@ 1|5P85‘€Wﬁr|°r?{?3‘ﬁtt‘i‘o?f”\‘tlfﬂhs
significant apphithasivay éithatedd ifdeh 1as2 per Meabhay by $&ked asl Bhrindst
vaI ves with sone Y L ms% C ?‘Qge during switching, a slight but significant.
"punpi ng acti of" %8¢ctr S°UuUT*ng ™ ach valve switch. ~ This causes upsets
in-the recorded pbﬂesmsea secame fland, 2hch ai $mlaa:es bd |deil diveried iritioethe
valve  body. cothg W Frodlls Sg 3 15% P L@t E)Yﬁnﬂ GaYSCsHEMLBLS 1N
mat eri al bal ance cafl ]lat| ons during 't d4| spl aceren ese errors In
accounting for quvefm"smha%%ayimﬁedsmmﬁesectgén@f aedvessilgap fandait70 epder s
in the finalcodt@sUldfsSsoRnoidd@48)R@kI 1g@2L. This does not occur in the
SRR I e s N T
phase fl owo t\/\ﬂueplilﬁﬁe&.tadilcflhlﬂdl enywnghysane! amnyearpaﬁm&netm bekpandednosuch
cases, the three way, valv esent jnvention at up
[err] ([err]) ahodﬂfﬁgbeél [o glPow( t%go‘@ a°) fntwtohe pF%soénce O?I C(?rsr%‘s?vselmg Ui ds
such as 30 bf4skéonoi|l, gas. Cdearly the valve of the present invention
finds application imdt ?PJm W@ dre MRS ALUESL 280, fHe%QrPer%ﬁsb'és%e‘f”Vdd Q:ﬂ@?é‘t S
i ncl udi ng ot her precision |aboratory nmeasurenents. In Figure 1 a fl
satmrat ed cor etheamyl biplgof luidswaesregatent diashd bdt He é%% 'W-(SPH!%“ & i

standaLd Hess sl (aéspte&pﬁ/edﬁsﬂpgfhﬂ;ﬂ@@ theseriéd WFdalseehs4as, b£2216147|(13ahd11]1ﬁ¢2 ed
Into the core

h hi t
di spl acenent ciz'r rtﬁbﬁel’%“l F3e %%8%‘14]]}3“5 cllgf‘ot((/:sa?ﬁ'ﬂ%?‘gfsﬁl 516 egcdir“t‘]t?éeﬁ ‘?f’d’l"“‘é}\‘/e
cylinders is dikecusdldy fBiwayrate mealsaremenahvmmlcﬁﬁé),pMﬂZamdiﬁﬂmmnyal he
present inventjon whi %cjé‘rﬂ%a&i’ﬁ‘eﬁia{a&% Eyu?e' e6ld 'pf% Rﬂee@lﬁ gia‘éé" j‘@iéaﬁo ort432

and 1450 under” conputer contr ol way either cyli 444
may be sel ect eBemsabhld ty fhegsurements.

_ 20 While there has bee shown and described what is considered two
preferred embodiments of the invention, it is understood that various
. other modifications may be made therein without departing from the

scope of the inventidn herein described.



or outlet for the punp. 5 - Likew se a second fluid, such as oil, can
be delivered into the core sanple froma second punp 1460 havi ng cyl i nders
1462 and 1464. Flow fromthese cylinders are—d-l—ﬁeet—ed—by—#a-l—ves 1470 and
1470 under control of sol enoids 1480 and 14 450 i s used to sel ect
bet ween punps 1410 and 1460 so that. E!’li{ E j“lmluu may be chosen.
Thi s arrangenment can be expanded or ntrac of one, two,
three or myre;fduids in a sinmlar fashl on. Flow fromthe core sanplgianters
a separ atlon—'\‘/E'sseI 149 where the multiple fluids segregate. Each#fuid - -
i s then retbrned tbréawayyalve Sopewi Lehingunpigihpoessure hdigkrtiemsemsfiusal ves

1420, 1422, fllﬁz(h%mda 1561??1 [5‘ etlhl'Ie?r @f rt@BQﬁﬁ?QEs tulﬂﬁerf leHE &oR@Po P8 a 1ow
continuously recircyl ated th rough the sanpl e low rate neasurenents from'

the punps RIGSEMFE of BHA ol Topr 5sdiP® fﬂ%%aﬁf‘éﬁplacﬁb%%emt h&aédr ¥2htovi de
the dat3 nesmpspdingtor perneability neasurenents. V\hl le there
has bee shown and d scr.i hed what is si dered. two fer . ments of
the invention, PLVS R g?’s‘f?ﬂf‘ TP \D/Qrﬂ (S'Ii‘éeb’tai‘}ef"’%d’gﬁ? ﬂﬁ?lg be
made t her eitmevmtbmmmleqoamdl prestspoen ¢fhehs chjeh (tfemphmtum/.erl’ulgbnpdfe@sem
descri bed. lh id Ja%d haﬁ/ing gn J:nlet po$t formtg'Ah%Se n_for théo‘artimfsesqowa(yf \{ﬁé ve for
swtching a essure, high tenperature ?%om & Source 1o el t her
of two out I’E‘t8§ P.lfrﬂférmt I‘fé"é%bn%'}dolt""beUélFbwoﬁﬁem#éloﬁeﬂuﬁmeﬁrmﬁl1& on ow
pressur® Ccatheplsidsyst ame isRitdpoMAYE the dESUMATESidTILhé MahVerd2adye
constructed_of .a materi al capable of w thstanding the tenperature and
pressure of s gh tenperature, high pressure fluid, and having an inl.et
port fornmed thereihigh @reshaeatiniidsiion pétht e dmbg#alpredﬁﬂureorfdeu"td\gandetm

out | et ports S|t|oned rlcaII 0 her_side.of the.inlet port
for the di sc"r%eggport %ﬁ ngh rteosgﬁre Ie'h OUF]I i BpF 55r 85< PBPFISINE §1 ow

~path in theensrak chotly E:@mqépltn bep viakve hodst apvbrm islwnﬂmmmgaiddyuom)weafch ot/
the outqset QR {5 eRNEoGOIRS LSLNGaBh of the outlet ports said cavity having an

elongated symmetrical shape with a central cylindrical section and two
opposed cylindrical end sections of lesser radius than the larger
central section, the inlel port communicating directly with the centre
of the enlarged central secfion, and the two outlet ports each
20 communicating directly with a different one of the two end sections at
points equispaced from the enlarged central section, the transition
between the central section and each of the two end seclions forming

two opposed valve seats; _ _
an elongated symmetrical valve spool likewise construclted of a
25 material resistant to the temperature and pressure of the high
temperature, high pressure fluid reciprocally mounted in said cavity
and comprising an enlarged central section situated in the enlarged
centra séction of the cavity and two opposed shaft sections extending
therefrom, the tdo shaft sections being situated in, and having an
30 external radius less than Lhe radius of the end sections of the cavity,
' thereby providing an annular passageway between Lhose shafts and the
valve body for the flow of high pressure {luid from the central cavity
‘to the outlet ports, the said enlarged central section of the valve
spool having two symmetrical, opposed fruslo-conical spool valve
35 surfaces sealingly engageable each with a different one of the Lwo
valve seats formed in the éentral cavily between the enlarged central

section and the two end sections as the valve spool is reciprocated



central cavity forned in the valve body . and in fluid communi cation with 15
the inlet port and with each of the outlet ports said Cavity havi ng an

el ongated synmetrical shape with a central cylindrical mm

opposed cylindrical end sections of |esser radius than m,m'ﬁmml
section, the inlet port comunicating _di1§ectly with the &entre ofM t

enl arged central section, and the two ouilet ports each 20 conmuni cati ng

direct]yapith & gif ftﬁt%tvertsvptf JLHR b t%ngaﬁ@ﬁtﬂhgrﬁgﬁtprggh@ltesfﬁﬁld' fP&Ped

fromthe%nlar dcentral sectlon thetranS|t|on tra
section and eadifmothe; et ko &pch SEOutbets ABrWFAGhi IRt Sppbidedoiiatie osbertss:
ap el ongat ed SymTEtd’ddCxﬁdan‘éaﬁo\ter&Fiﬁﬁécath@MtS&a@@@%bééﬂc'&@ﬂath.'e at025he valve

material resistan era and ressure i gh
t enperat ure, HogH {'ﬁ éig‘iﬁt tg‘f lﬁt‘a E%’Saf‘f‘ﬁ/" Yﬁttséﬁlt‘f l‘?lé‘éﬁ’lftS ’(/l"t“g 'g‘ff"d
conpri si ng 5an emsequpad cebtahdhg séctthanthH uptesduré) fheadereavgad dent tw

section of t he, y f C t.endi ng t herefrom
the two shaft suggtgltéonggggl hX‘@l ?BQ{;&—%ga?ﬁ,ﬁ &'Ed %h%é/r%%ser% ext er nal
radius | ess than the Padi u@f o@PROhedemdsmtlmst@f @metbeavwayve t begye bgnd

providing an mvtafvemasémwd b&t WaRN ob AR e S BAdY So@NGiel Q@oe@ﬂée bethe Tor
the flow of hig Eressure luid fromthe central cavity to the outl et

ports, the sai %P"@ t affedhebhntsestidscofofhbth (AreIel VaoBpsbt valygi RedY thio
symmeLri calo, mp@ee@hd iy 8613, COIthC gd s LS@IQleaI\&ab&’ﬁ:g?:EosltSUﬁécﬁﬁﬁ&rﬁe@Jid’lw y

engageabl e eac di ff nt o wo_.val ve ts n the
central cavi tyqbgk %catl e enetaFEféde 515& s2T55'8R A t e t ﬁ
sections as t frarevalhtvéeslpaml of sthleehmg[hr pmlsede fluid Byoundrithéishafhe val ve
cavity, thereby to r f t t
each of outlets in at%\gr%g Pst sea rr:gngsl% f té;]ssﬂg%hng%atngPﬂd Q?o+ ThE 1P
rechpf ocat i ng RIGES Y ven!‘g@éotmémattq 9@‘3”( oft He pastoasbior\fure Véflﬁébt"ef’hé’g
cl osi ng of1st heeHeWotnel. ve seats alternately and the 5 consequent _
swtching of .the high pressure fluid between the two outlets, said
spool reciprocating nmeans conprising: a pair of opposed pistons
nounted ~ on the VIB.lt‘hEee-bedyvalaéthﬁDﬁdﬂTgi V@Icyamnneetteedmocttehelmmesidte
ends of the el q{tg ted vaI pool the sh LenSFCtI ons | hgr(glja%gtefrom

t he val ve body OPPO” a{”e S spl stBis, Jhmesa%reta eftt Ra

posi ti oned arcnfndhgggqaltng suzfaces of the enlaxged central sect1on of the valve

20 spool.

3. A three-way valve according to Claim 1 or 2, wherein "the
dimensions of the central enlarged_sectioh of the valve cavity and of
the enlarged central section of the valve spool are such that the

25 switching of the high pressure fluid from one outlet port to the other
requires the valve spool to travel a distance of less than 0.03 inches
(0.762mm). '

4 A three-way valve according to any one of Claims 1-3, wherein
30 each of the valve seats in said cavity is provided by a 90" transition
. between the enlarged central section of the cavity and each of the two
end sections, thereby to provide line contact with the respective one
of the frusto-conical valve surfaces on the enlarged central section of
the spool valve.
35 _
5. A three-way valve according Lo any one of Claims'1—3, wherein

each of the valve seats in said éavity is provided by a frusto-conical



shaft sections, between each shaf t section and the valve body to prevent

| eakage of the high pressure fluid around t for feeding
a | ow pressure control fluid fromthe Iom1p ystemto each

of the pistons in turn whilst venting 15 ﬁ m HmmA t hr ee- way

val ve according to Claim1, wherein e di anet et opposed pi stons
is at least ten times greater than thé diameter of the seal i ng surfaces of
the enlarg t.r al t 0 way_'”
val.ve accort aﬁ?ﬂmﬂ %I%%é %@i‘%e" ng e\%é’ﬁge% Ce?t‘rs{gi)d;eﬁé%gﬂ‘ Srgsp}(’) Cf’}ﬁ nt r al
enl ar ged sé@ﬂl eﬁ*ﬂbpftﬁé‘ \ﬁapve"(té\%tymand the tanelerfartyet UelﬁL‘P/‘aJIOHS‘BﬁtI on of -

the valve spophcake1sych wacmetbﬁzét u&wvsm ragem‘ngt BEidY GPeftepSeile Tluid
fromone outlet port to the other requires the valve s to travel a. 5

di st ance oftheeSer eRRMNAINg3ane{ehaE toe TGEH‘H‘)U"ﬂ one of ttE‘F elgugsg-cpnicad

‘accordi g tvala@yudhscesf of] thieMenikrded WAt RilNsdékioneAChefsdobe weabve seats in

said cavity is provided by a [err] transition between the enlarged central
section of the cavity and each of the two end sections, thereby to provide.
~ line contadt- withh tihheerespeedivee anerding heo f Clisino- tonisclad tanalaley s wsf aces
~on the enl gj | f 0 [ee-way.

val ve accor (‘:f?ggm%ggé%%e%%@%%?%tﬂ réﬂ? %Pe : e‘\f/%i %g"@ai’ﬁ“ﬂ“” %%ﬁ)\}é?ve seats
in said cavity is provided by a frusto-conical - 16 - * C L
M S * transition surface—betweerthe—entarget—centrat—sectiromof the
cavity and each of the two end sections, the angle of that frusto-conical
surface relative to the axis of the valve opening being greater than the
correspondi ng angle of the respective one of the frusto-conical 5 = valve
surfaces on the enlarged central section of the spool valve. 6. A
three-way valve according to Caim 1, substantially as her ei nbef ore
described with reference to the acconpanyi ng draw ngs.



