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. THE I NVENTI ON PCT/ US02/ 22472 This invention relates to fluid energy-

di ssi paty eyvj ces and, nore 5 particularly, to a fluid gg _ duction

Fdevice vt}nbﬁwz‘ﬂg(\'v@qgcousti cal conversion efficiency fox gas PF@/&%H%%&'?% so for
devices with cavitation avoi dance and hence | ow noise properties for |iquid
fl ows. BACKGROUND OF THE | NVENTI ON 10 151l.n the control of fluig. ]
i ndustrial processes, such as oil and gas pipeline systens, po Mmlmmwumm
cheni cal processes, etc., giinb %ﬁ‘Rﬂ‘i&% E e the

fluid. Adjustable flow restri c?il%i‘r‘\é evi Ces,ﬁngg%ﬁgg ow control valives and
fluid regulators, and other fixed fluid restriction devices, such as

diffusers, silencers, and other back pressure devices, are utilized for
this task. The purpose of the Emmgﬁﬁwm _ nd/ or other fluid '
restricting device insa.given.applicati N be t.o.contrql .fluid rate or
ot her process vari abl J@SQB\XFH‘WEP‘?‘%@% A9 3[1"}1@??%? u‘i‘éi‘p%u?:ﬂ' gg‘é‘ﬁ?seal}dedﬁ%rtei on
i nhergntly ﬁﬁtié‘ulﬁﬂ?;,pE@(iuﬂﬁidOPrdsh_ﬁefﬂeﬁﬁ\btfdﬂnﬁéﬂ&e WARE 1@ NacoRsficaE Wohd&dioh! Ui ds
cantain stored nechani-cal potential energy. Reducing 20 25 30 the pressure
rel eases t hefficeeney fyr. ga¥ Hlowsrendgsonfonidbeiseswith savitatmn avieedance end bemedowy of
the fluid--bath the bulk potjgn of the fluid and its random turbul ent

not'i on. V%i?‘@s?moﬁﬁqt’@ﬁé@]}qé“‘i ﬁ@wé‘haoti c notion of a fluid, there is
nmonentary structure in this randomnotion in that turbul ent eddies (or
vortices) are forned, but rapidly break down into snmaller eddies which in

turn al so break down, etc. BAGKGROUND/OFCIIE INVENTIONUt the notion of the

smal | est eddi es and the_energy has_ been transfornmed into heat. Pressure and
vel ol ty fl uctuati onsImhthe contselaf fuidinindustria] Processns: wigh as pil pad gasnipslinenat
act upon t U of I RN ' I I jon.

Ui brat on i oW Ll Tehfea? prbciSed el e 1y SHEMncbEN 18 MUHAE"0.
ot her typespreésuresi a flaidg Aakiaitatde flotv regrittionaedees, uchfagiflow edntref vatésamded
instrunents, Even _when not_ physically damagi ng, vibration generates -

ai r - bor ne nidridgeguiaers, %n%ﬂmﬁ;wé fluid restriekipn dayisefe sudhas diffuserrgsilencers.smde

f WO 03>01 / 12 - .l Joalga i i | .y Qlvi

| i qui ds, t%&%ﬂlﬁle p?%%%gd% gﬁcg?foal%es{el{,}h%/%ghﬁ%" ,\Ka%‘L’ h&ﬁlﬁé’ﬁg %? Fﬂgﬁ%lhgh%?%lssur e
redurd i on ofalVé snd/éiSother fad rdstriidtiig deiveiih algiveh dpplicaticiasay be & dohedl Abideam
when the fluid passes through a zone where the pressure is below its vapor
pressure. Aategijother prreeesivapiables,hus therestaetioningdness apsessieeteduction sthesentlyy 5

col l apse after, j stre into a zone where pressure exceeds the
vapor pr essa&raewﬁ%é%%‘f@?&%%&“@é@?l’m@l?g‘m es nmay cause noi se, vibration,
and damage. |deally, PReaf{-ed@uids dohtsiflstredstethaniceliiéntii ent@yy. GRediveisgd
~gradual ly decrease fluid pressure w thout drq&gti r]g bel ow t he vapor
Sd

pressure. |thepreseure sdeasavihisanergys Jdie cacrgyanan elf s thekivptigiepergy of theer | y
i fficul iV : od : ' re 14 .
r Ieduic iuotn mflg‘ég‘ﬁgﬁl |gv no%ﬂg{l‘gnag’%ﬁg%q%‘? t’ﬂgg[‘g ga[nga%ls Wgﬁnﬁ%ﬁgﬁoﬁlﬁg rgﬁhdketi on.

The final turbulence is the chaotic motion of a fluid, there is momentary structure in this random

1}

motion in that turbulent .éddies (or vortices) are formed, but rapidly break down into

smaller eddies which in turn also break down, etc. Eventually viscosity damps out the
| “motion of the smallest eddies and the energy has been transformed into heat. |

25 Pressure' and velocity fluctuations are associated with the turbulent fluid

motion that act upon the structural elements of the piping system, causing vibration.

Vibration may lead to fatigue failure of pressure retaining components or other types of

wear, degradation of pérfbnnance, or failure of attached instruments. Even when not

“physically damaging, vibration generates air-borne noise that is annoying to or may

30 - damage the hearing of people.
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vpressure drop in such devices is relatively small, which may produce |ess
“bubbles and | ess cavitation. Currently there are available fluid control =
val ves ¢ s0idigy @ valve trimin the formof stacked di skpciRisEd fluid
" pressur e%guction devi ce. The stacked di sks One device us?ﬁgm;st a/c éﬁ di sks
has tortuous fluid flow paths forned therein. In this device, each of the
fluid flow passages is designed with a sepies of consecutive right angle
turns so that the fluid flow changes directions many times in a 15 define a
~plurality of fluid flom frws@EPs ﬂﬁﬁﬁﬁﬂ@ﬂﬁo@viﬁg?ﬁi@ds@ﬂi&r@iﬁéﬂécﬁm&egpﬁéké’,” In
the fluid. 20 tortuous path as the path traverSes fromthe inlet to the
outlet. |n subtatiosyiandedamage fram ithet preskute fednctéactdf idqujis isavagitatianu r Gavitation

produce a di,screte.pressure drop, so that the tortyous path produces a,
Pt ot age 'BPESET B I EFsAh WheP e dINd ISt NiSOASE & Peleuierh de PIRGRRIS hat
t he internmed Nl I Lvely
croate a rocldy iyt pRRde wbRErdodd fess Bl i DAGER kAl seefiibrly’
pressu e redistlapserafteretivislingydodmstrieamt iid WozhePFhbre presktipé efbceis the vapdice

the pressure reduction effected by each right angle turn is not known.

Fur t her nor e, Pressurs ShsseHagsingieaponkibblesanay eghse noisg, wihrations andganagee Ideally,
pressure and,mass _fl qw.inbal ance nd £low ineffici.e .. The pressure

P ibal ances RperdEg® fid RERPECERud drd PRI pRuSaR, decrae S BeSum,  ce
where the flyitEoARIFBPHiAL IDlow P Tapist Messule TRRRACHRIEE RSWEPerd BakES A aGHRNt | Y
recovers, thereby creating cavitation 30 and causing damage. Fl ow

i mbal ances akfesttonideeicpiseystly difficaparsdekpensivetopeodude; andtherefoytfluid prédsure
03/ 018767 -3 PCT/ USP2[ 22472 t he &ﬁyi ce, ighirein a greater ss flaows

thro somsreg 108 flevices apeknovin {hat pseanuliple steges o pressure redyghen. ohhe final

t ortuous pat | ; ' : ' - '
exiting the ﬂg‘é%?fg‘g?pggﬁgée’%ﬁ%&g Ugﬁﬁeg%?%hﬁwgﬁgﬁﬁ%}g Qﬁgglé% #hé;bé bggg and

adj acent 5 dedslcavdatiany collide to forma larger j et flow having greater

stream power, thereby jncreasing the noise.level. The above recited . '
defi ci enci es and ot her '“Fﬁm&ﬁth%rﬂ"Pﬁ"a&%fq %‘Hﬁ&@?ﬂr‘(”&é‘?ﬁi@éﬁa’@#‘%ﬁl"ﬂvém y
reduce the Y S RES Skl did . ' ' 1, Qs ' .

Lt enuat | on i URIbK GRSl didkaTorinile (o Fprclbobd RULEK AR, THE stk Stk
el i mfat i on.defific Aqdumtitynof fluidiflow pasbages detigned ¢b icréatmi presihere a&duction in the
deficiencies,as well as to provide other inprovenents in the trimdevices
so as to enaﬂ}}‘ themto provide' enhanced noise attenuation

‘characteristics. SUMWARY. %ﬁzggsiﬂﬁgﬁwﬁi@}ﬁ}lé hdk ﬁ,ﬁ-ﬁ}&{lgﬁﬁgﬂf (%frf]sd“é Eatﬁ&‘ "fé,ﬁﬂé}l

aspects of the present 1 nvention, pressure reduc VICE IS
provi ded corthereii. ntn thipldaviat, ¢achaff the dhiic dlodi pissapavisrdgsigned withed eeriaansll a

hol | ow center aligned al ong a | ongitudinal, i s.. Each _di sk has at.|east one
fl ow path e%PE?R?Pﬂ&e HS&R/%E% w_%ih%aaeéﬁﬂé v ehanggs disections many times 12,y

. pat h goncl udiiie | ' %Hn'll . 0, ' tﬁ{'ﬁgi'
sect izc?nn ext éﬁg‘fﬁ% }5238111 Eﬁettﬁ\/\iglrl\ﬂlﬁﬁag e?dr%fet- aﬁgof %?ﬁétmgggp%nggdﬁgc dvb?%sgt h
i nt er medi at dntendéd foneachaighd asglatym esprodace ediscretegpredsutecdrop,Soalied tle tofoowEr Y

zone positioned i di at el.y downstream of the pressure reducing structure.
path produces amulti-stage pressure reduction. Inreality, however, it has been found that

the intermediate right angle turns in the flow passages do not effectively create a

- restriction for staged pressure reduction. In addition, the pressure reduction created by

25 the tortuous path is unpredictable since the pressure reduction effected by eachright angle
turn is not known. Furthermore, it has been found that the right angle turns may generate

pressure and mass flow imbalances and flow inefficiency: The pressure imbalances may

lead to the creation of low pressure areas within the device where the fluid momentariiy

drops below the vapor pressure and subsequently recovers, thereby creating cavitatioﬁ

30 and causing damage. Flow imbalances affect the pressure drop and fluid velocity through



I n accordance with additional aspects of the present invention; a fluid .

_pressure reduction device is provided conprising a plurality of stacked

di sks having a 25 perinmeter and a hollow center aligned along a

"1 ongi t UNMBI0ET6T. Each di sk has at |east one flow path &&Hﬂ%ﬂ%ﬂ@a ween
the holl ow center and the perineter, the flow path including an inlet

section, an outlet section, and an i nt evéredl ate section extendi ng between

the inlet and outlet sections. Each flow path internedi ate section includes

arestriction and an associ ated recqver e positioned i i at el

downst r eamthe devige. Jphereis g greptepmas %Y"%illﬁmf SAIA PITSREGS A Teh té’é%%“‘?%ﬁ@v

subst anti ali)é‘fcﬂ@ ward a center of the associated recovery zone.

03/ 0167Gr 02/ 22472 -4 I n accordance with further aspects of the

present invention, a T addsticH, Bsstertboisshile dévace e \tassage duflets vriemed sothati si ng

a plurality of st acked di sks having a periphery and a _hollow center aligned

al ong a | orflyiid fiwnexitingithe paasegesdionrengess As 2 reswt, ﬂm@wts @wtmatthe adiaesndi ng

bet ween t he Iow ce pd t eri t.he 5 incl an
ol 66 sect KBRTAL GOHIE WoRPTLR IS eh PR HERTE SEbt Bowa BREhY
bet ween thqn(}%ﬁﬁ aﬁqloqéglg@él sections, wherein opposing walls of the flow
path intermedi ate” section diverge from one another as the flow path

“internedi ate secti on Hhe abows récitedndeficiencite and ethdrs m tcurrbhtéy evgilable ot i on.

In accordance with still further ects of .the_ pr.esent ion, a,fluid
10 pr essur deVicgss aﬂ@)ﬂeéiﬁc? e Ivﬁgass@éﬂi?ﬁ?gg‘ﬂﬁesénﬁm}?épg ?ﬁ‘-Y?f‘ng’tsﬁcked
di sks havi I I naI
axi s. Each di @Bﬁcfn n{]ﬁf,@é ari CCtgngéon owﬁ&éﬂ %treezr%l I ng bet mglg!ﬁat

hol | mw centgécondieiglyhit ipdesired teeliminate the alsdvefdeﬁmqnaieb as wellas ltoqgomdelortihewt
section, an outlet section, and an internedi ate section extendi ng, befween
the inlet dmproyamets dpghe Bim, devires socent@ ¢1able themn 19, RFovide sphanged moise
secti on, I and an internediate . section extending

bet ween then“ttljeﬁIl&t&c ér eﬁshgp sections. The second flow path internedi ate
section and first flow path internmedi ate section cross at an intersection,
and each of the first and second fl ow Ea. h_internediate sections includes a
recovery zone downstream of ordance with. yet

addi td onal aspects of t??""?ﬁ%fc%%th@éﬁ%‘ Q%Fc@ gé ecdip%?esrﬁ Hoioh l;aeﬁIMﬁtl on

deviTe is provided co S a p ura stac s having a

thi ckness ghessff leidtibnoddvided ¥RrG¥ided eorfptisihg Q?Imaﬁtﬁcsf stdcked ditkahavigg a
| ongi tudi nal axis. Each disk has at |east one flow path _extending between

t he hol | ow pesimeater aandca hqib)vpe&vntw&l@ed eleag ﬁllmmw iexts: inch dliskihag at lepst

section, an_outl et en
the inlet a‘:ﬁ'&u‘i ‘YIPS s’gg I OnsS. RE%Q th Ihg\{/bg%g‘{ ﬁ{ %%%ggﬁé{segrkggq?)he’a%%l re
t hi ckness Ghclulifigdirs lnlétOsdetion] e oatléthseotigh, and aﬁlmwmadxlate stibn telitendiplp- c ut
flow path divi d|n the disk into at least first and second bl ank porti ons.

In th)lor darhﬁé‘;v’?m deanlet and ontlplsectionss Faeh figve path infeniperiatoection melwsg 2of
oot ural i oyptetsut EUiRg Sl S e B e s posticRE *%ﬁﬁnfeﬁgﬁﬁtﬁ*‘&%ﬁf% mng

hol | ow centgg pAisind réRicingétaictde. of the di sk, each flow path including an
inlet section, an outlet section, and an internediate section extendi ng

bet ween the inl et andioercpedanse atithordditionad aspests phthe present invention, a fluid
pressure reduction device is provided comprising a plurality of stacked disks having a

25 perimeter and a hollow center aligned along a longitudinal axis. Each disk has at least
one flow path extending between the hollow center and the perimeter, the ﬂ_ow path
including an inlet section, an outlet section, and an intermediate section extending
between the inlet and outlet sections. Each flow path intermediate section includes a
restriction and an associated recovery zone positioned immediately downstream of the

30 restriction, wherein the restriction directs flow substantially toward a center of the

associated recovery zone.




« r~ WD 03/ OLG7G7 _5_ PCT/ US02/ 22472 dividing the disk into at |east first
“and -second bl ank portions, each disk further including a first bridge
portion extendi ng between the first and second bl ank portions. The disks
~are stacWOPIPEKG an axis and secured together to form a FCTHIY2HEK
assenbly. The first bridge portion of each disk in the stacked disk
assenbly is then renmoved. BRI EF DESCRI PT}ON OF THE DRAWNGS The features of
this invention which are believed to be novel are set forth with

particularity in the pended cl ai The invention may be best undgr.gt ood
by reference to the fg‘PIaBWr gpeg suth i fyxth naspgfgﬁnoﬁ ﬁ‘%%'ﬁ?ﬁ??&ﬂ’%?ﬁ% f‘tﬁ'luﬁe '
- acconpanyi ' b ' ' : ' [ lake

ol emont s rPiCRArEROLARR et Proigtd bR d el kol SRR hdng ol

vi ew i | | ustpeiphegy and d holibw oateradligned wlong arlbngitudinal axisalBaeh idiskrhak at léast f oam

of stacked disks formng a fluid préessure reduction device in_accordance -
with the teerhiloypath exisadingdstyren the dellpw pentes anddhe perimeter the floy pathor an

annular di sk L ch sed_to h d._di. ' |G 1;
Fa % s ainglte s SeqtRa s kel BeBioal abifHhBRiE slid eas™
- restricti ongetiv@erf tB&liflefind Q&Ieﬁgééc@éﬁ?%&eihedﬁiﬁﬁ%;waﬁh%fﬁﬁ flowa paihan
view of yet another alternative enbodi ment annular disk 20 for creating
nuf ti - st ageinperasdiatesectionalivesge fiiool oo agothehay theeflow nathe intempadigte sectiomner
ring; FIG 4B is I Vi ew of i sk enbodi ment sinmlar to FIG 4A, :
wherein the? Vﬁﬁgﬁsi,:&ra?@*mﬁéfx‘g@g@ogheoﬂtﬁégeﬁq& he formof an outer ring;
FIG 4Cis a plan viey glcofdies (it MOMBEL aspedlsloFind prefédpindtitiodEhgid t he
annul ar disk includes two bridges in the formof inner and outer rings; 25
FI G10iD i s prepdusreduetiomevdcalisyirowdded domprising iaplurality of ftadked disks \hawingian t he
annul ar disk {ncludes a first bridge, in the formof an jpnnet. .rjng.and
second bri d@emeies and & hollgwyeenter aligned alopg gfoqgé%lg},nahngs. gaaéélﬂ‘é#‘?g@ﬁﬂf]:
view of fiv, | S ' ; QM nl gﬁ]ln)é . is a
pl an view o cgirll&g t rﬁg?fgég@énﬁéggv?mntégﬂ%vﬁgr ?%f(@‘\%ﬁ?c a}er’gggﬁ#s?g\?v to
adj acent st pathéitlullisg an inlef\dEctiXit, @i GAst sebtidiCahAIBA HiteRvatiateIs&ition exXtending

perspective view Qf ejght disks as in FIG 6,gshown jn a stacked assenbly;
FIG 8 is abPMasr eé%iegﬁn%ﬁu steseptiens; the séﬁ%‘&hﬁﬂﬁfrﬁat%ﬁmﬁ‘&raﬂdﬂﬁ&ks%%w

15 outlet section, and an intermediate section extending between the inlet and outlet
sections. The second flow path intermédiat_e section and first flow path intermediate
section cross at an intersection, and each of the first and second flow path intermediate
sections includes a recovery zone downstream of the intersection. |

In accordance with yet additional aspects of the presént invention, a fluid

20 pressure reduction device is provided comprising a plurality of stacked disks having a
thickness and defining a perimeter and a hollow center aligned along a longitudinal axis.
Each disk has at least one flow path extending between the hollow center and the
perimeter, the flow path including an inlet section, an outlet section, and an intermediate
section extending bétween the inlet and outlet sections. Each flow path extends across |

| 25 the entire thickness of the disk to provide a through-cut flow path, each through-cut flow
path dividing the disk into at least first and second blank portions.

In accordance with certain aspects of the present invention, a method of
assembling a fluid pressure reduction device is provided comprising forming a plurality
6f disks having at least one flow path extending between a hollow center and a perimeter

30 of the disk, each flow path including an inlet section, an outlet section, and an |

intermediate section extending between the inlet and outlet sections, the flow path




~intersecting flow paths; and 5 FIG 9 is a plan view of a still further
,annul ar di sk enbodi nrent showing a flow path with multiple sub-outlets.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring to FI G 1,
“there | SWOI03%36763t ed a fluid pressure reduction device 10FCH/U¥&Mdhnce |
"with the principles of the present invention-in the formof a valve cage 10
having a plurality of stacked disks and pounted within a fluid control '
val ve 12. The stacked di sks are concentrtfc about -an axis 29. Fluid control
val ve 12 ingl udes_a val.ve bod 4 havin fluid.inlet | ui ut | et
18, and a mm&l%ég?ﬁg%éﬁréb@ﬁ? Tl pagtions, © S‘ﬁk @ﬁfﬁmﬁn@mﬁ ui d
flow fromt Ll TR b B 'mkw' i
proceedi ng $§5grtng%l§ge #gﬁoﬁte%&?]ﬁjeﬂgrqegﬁ?&gtgés %\?ﬁ&igéﬁ? Ee arrow él’dr% %&l(eidlik,s it

wi || be appireeiask&tialohgin itigaid secoredtypetiento formtistacked disk asseinblyc tThedfirgti . e. |,
fromthe right to the left) w thout departing fyromthe teachjings of the
present i nviemdgeqortion efeachidisiinthe sigckad fiskoessemblyiih ﬂﬂ‘i’é‘*\?&l"%‘ie body
passggeway 20 and cooperates with a val ve operating nenber 24 to control
flpwid”flowinto the interior and 20 through the exterior of the valve cage
10. The val ve cage 10 nmagBREEFBERICRIFEMHNVCRTHEIDRAVIINGS by conventi onal
mounting means such as a cage retainer 26 and nmounting bolts 28 engagi ng
the val ve bonnet por t Tie festuteh ef thid inveritionavhiclvane believadito baneal presebforie| d
beads 30 on the outside.of. the val ye, cage.l0.securel i i.n i sks
in an assen®itBPagicnlanty i the 399@3?%8?389'. lgf”éYePﬁ néﬁ%nﬁ? ﬁésﬁtu@?}s{]qﬁg%f

. nvention, l%g &.gm-' | W 1 LS Qedne At ionl WiE|the ladédriighnyfi}e

ni ckel plat’e |ése|lzgH gegfbggsvghn%:ﬁgﬁpﬁégqa stglcgk\sﬂ\}vﬁ[iwglﬁﬂi S pltgcegéi nafixture
and $0ibj ect d@wingsairswhichliike refesarice numeialsyidentifytleedements in the sevaral fignses

i ndi vidual plated djsks to each other. In other enbodi ments, the disks may
be brazed o?nm‘ﬂlé‘& together. For large disks, a series of bolts or other |
types of mechanical f LS NEASY Ay i i ' ked
di sks assenbl ed. 30 T%gésgﬁ\?gr&cggég&%g I ncl Elgxgﬁs' a pﬁtﬁggﬁ@lﬁnfﬁgﬂgtﬁﬁac ed
di sks, eacha ehlvehiimhin the ifclenof sakkéddisksifosnigpa Suidpreasure redaciin devithiin di sk
32 includes a hollow,center porti WO 03101G/G7 PCT/ US02/ 22472 34 and
an annul ar WF‘??@F%W@G?‘CF?%&%&P?&VPG?“WW‘E}}ﬁnﬁs 38 is fornmed in the disk

32 _gch flow path 3 g isgé:plhﬁk'?éw%ﬂ%&laﬁ%sﬁ%&ﬁ%e%@&t&ﬂﬁn%&ﬁ er

portidon 34, an outlet "secti posi near the perineter 36, and an
i nt er nedi at gf hegtdcked didkcin PRtk ng the inlet section 40 to the outl et

section 42. Wien an identical disk is stacked.on t of t he dj. 32, and
rotated sufficiently El6r3dxanimeieyefana e%ﬂ&%g@ﬁ@@mn?m‘ﬁ%r&é%khmﬂg he
di sk shown {e{ltrﬁ: ggs?t}%rciltteﬂi\ﬂ-llltil-st%ﬁgggf‘eqeaﬁ&%nt hat the flow paths 46 are

' ed. w o

entirely contaln hi'n each n such an enbodi nent, each flow

path 38 is bounded by RIG.4Athes plumliewld yetanothet alternative etghodimentiahowliar disk
portions of the upper and | ower adjacent, djsks 32.. Eac j sk 32 has a given
t hi cRAess " for crepbing BENti-SIABRRTGRFEIS T EP%H‘@@‘{;‘E é@‘qﬂe(%ﬁf%lﬁﬁﬂ °§?“ IPHEIFH@?
preferred enbodi nent, Chnt Fom dRn® Signildp o FItS. I4AS wWHakGk ness
of the disk to provi deﬂg' ?ﬁ?%%éiﬁﬂ?h%ﬁf%ﬁé%g@ﬁé % t hrough-cut flow paths
may be for nmgg dwuBndiskrigclalesebddgd inwhé forkmofan cwedwimgiues, i ncl udi ng | aser

cutting. Inaddition, the flow paths 38 m b rovided,in orm qt her

t han t hr ough- cut passzia@s4c%¥P&Ré’FFﬂYéfa@‘ﬁ%eﬂ%B&F‘ﬁH{'ﬁ%ﬂ%é‘-’%%V‘gﬁfﬂﬁd as
grooves or ghan Qs ' P@-i ' 1'mf:ﬂ%ﬁ oh@MsRad:h 3 8 is -
sh'aped to iﬁ%eraéjggieﬁtd S%lggr#gﬁl%% r%%%@r?grg%gn t he ?I u?d.' ?gri t he
enbogisment shown in FIKEG. 2D ié bplanview 6Ealdiskenbedimeant sidilafto EKE.H A, vdhergat h
38 is fornmed in a general spiral shape. The spiral  shape maxi m zes .t

ape, h
| engt h of t Hee dnnvler diskringdgdessa first bridge insthe form of an innes fing apd p sFcond e
outl et sect i.og)tedttz). T?e :lni .b,aol idth 20 of the flow path 38 may be sel ected
~to. ensure th Ha o F@'lﬂ'aﬁ icflﬁi ’attaches to the inner and outer walls 46,
48. In the preferred qlmegiigr?eztspeétmmx%hﬁ%dmtasﬁmm.pmﬁwalﬁanaacked
gradual ly expand to control the velocity of the fluid as the pressure is
reduced. | nasstdibdy;on, the flow paths 38 are shaped to reduce noi se and

itation. In thi ,. the fl t hs, 38 i . -
ggxls é‘@u!{ io\r/]e agr u p![ > c L?ﬁé{ag 1§ g Pap Hﬁvﬁe‘gf%%lferﬁ%tﬁ{%é‘gb?i e ??ﬁ{ égﬁga%cd?%c&uhd: o

angl e of ni =% Retiwgen adj acent flow path portions. In the
enbodi nent Fﬁpug?lr%g{tg?ﬂa‘r%egl%ﬂf each flow path 3 8 is forned in a gradual

curve wi thout any sharp angles forned between adjacents portions of the

‘path. It will be appreciated that, if a reference line 50 were drawn from
the disk axis 29 and a flow path inlet section 40, any portion of the flow
path 38 that extends at 30 an angle to the reference line will increase the

length of the flow path 3 8 as it travels fromthe inlet section 40 to the



« WO 03/ OLG/G7 _g_ PCT/ US02/ 22472 the anpunt of drag acting on the fluid,
“thereby effecting a pressure reduction. Wien coupled with the absence of
cl osely spaced or consecutive abrupt direction changes in the flow path 38,
*the resumO 0¥01g76idual reduction in fluid pressure wthout RCEUSRET20N of
adj acent areas of high and | ow pressures which nmay cause fl ow unbal ance,
reduction in 5 passage efficiency, and areas where | ow pressure regions-
drop below the liquid vapor pressure, .vvhﬁc?h may |lead to flashing and _
~cavitation. Referring_to FIG 3, an alternatjve annular di sk 60 is. shown
havi ng fluid fl ow pat ’H’%Ga’élsme@ﬂ?eﬁ#‘t?dﬂ%‘ﬁogﬂsh 1%%@&@@9@%@%%%. -
Each di sk 60Q %ﬁﬁlya hol | ow center 64 and a perineter 66. Each fl.ow path 62
extends froh IFhl et section 68 |ocated 10 near the hollow center 64,
through an internedi aFpGsged 4 plan {iew 8N sh hferamtivadrhBidimesnt dvdalar diskdvingoned
near the perineter - 66. In the enbodinment illustrated in FIG 3, the
i nt er nedi atiatessastingflonOpaths;emdh fl ow path 62 is fornmed as a series of flat
| eg portions 70a, 70b nd. 70q. The | tions 70a-.c.ar sociated with
rec.oviry' fol | owing a ﬁ@s lﬁ@?‘é&ﬁ&?@ﬁ“ﬁf@&b" %“I’t“??édfﬁlﬁﬂrﬁ’%%t sﬁﬂ?’b‘lﬁgh |
the flow p ﬂﬁamg [ etween 15 adjacent flat |eg portions
70a-ci s g_rzéa?g?%tahan Jﬁ |.bge.§,lﬂd(g§%tsgot forman abrupt direction change as
defined herein). The pressure reducing structures, such as restrictions 74,
76, provided in the internediate section 70 na 2 Ij essure
drops and nay ork LELLRESSRIPTIO] L5 PREFERRED EMBORIMENTS ,
the restriction 74 isygf L 47l i I 2nal |
80 of the flow path 6§ cg%rgﬁgﬁéghc?'gf't%} gsel gg.g ngmﬂu%é%?sr%%e?gﬁé a ﬁ‘g‘év@pat h
out efo wal | Bhccdrdandearitl the grincipled of thé presemtGnventioainte foym afia valwecags tye 86
formed in the inner wall 80 and an out.er ridc?e 88 forpned in_the outer wall

84. It wil|hayingpphualitn efstecked disks andJneyrded withinya flurdscopttel yalveh2elihgy a
e dae foupBr S S he . | 1
ot hor *rmnnoaqkd idksrale Padkilic afout AR Skis% ML ool 2albl 10 Betudlls d WGEY

of each respddyci4 daving a figid flét 16;G0ARIdYowEIE 8)@nd Wconnesther pasigepvay T2E
recovery zones 90, 92 do not have any restrictions, abrupt direction .
changes, orthmughrthgrades bedy. e While thesfividflow dremdhe iplet A§ tg the oyflet 18 g
recoygery zopes .90 2. al |l the fd ui L er
val | 880, Ot heté %Pﬁé@?ﬁ’% fé%”‘?‘%%%?@ééﬁ?@‘ $spbs ?éﬁg‘gﬁgglig}gai n
acts on theyp fit Wil be hpprecReal/ Siay thecMsid nff), 1% inlioreversaldireutidn(i.cq o ahe
predictabl e pressure reduction through the follow ng restriction so that
pressure | exightdo the/lefd without denarting By the frachings af the pEessNHINYEWINM. ng bel ow

t he vapor WO 03/ U16767 ,PCT/1ISQ2/ 224 - r 2SSk 1.Q. p bl
further, any pressur e%r Bt é_ftﬁgﬁssll ¥ 0¢ uﬁgeéswag%a?%d&%‘gevﬁé#r g%r%g %ewas'h%os%&

recovery zogfpéfatds with AaRetipkfting\tRerfibdiQa tbltenfrblfldidfflowints tieiatriegahd
attached to the walls of the flow path 62. As a result, a true nmufti-stage

f 1 ui 20 pr essthrenghdlie extetiar afthe velvesage 40 The valsetage 10 may pampinaingd yrithin y

upstream of ,the restrictions, 74 - i and
si ze of theﬂ’Fé(gltvFggf P%Wsnu?ﬂ,gl]?%mf on%)rl ﬁ?ﬁgﬁaesl afr}:[ag\%{]eﬁ%ﬁ%rhig a?‘?(%&\}%?iygzﬂ’ %ﬁgs,
thus avoi di S@engdgfythé ¥alve behAdtipdfticiDoftEe vAive 3108 ¥iowh nfanfer. A séries oftweld
ridge 82 of restriction 74 is larger than the inner ridge 78. The offset

ri dges hel pbeiids 3¢ on theguiside ofthe volye aagekd scewrely maintaingihe digksinaanssaableder y
ne 90 t i 0_unj f flLui d.fl.aw vel acit ' :
rovent  agj dedk och drtcted potiRufdlbbpidhe o M BTHRE. Yl bRt RS

recoygry Zoggged Wik addan Pwﬁlgpl’m& HiBHed plitéd QiSRS MR A36drhbled b alstackSwhich
increased predictability for downstream pressure reduction stages. The

out | et sectispimed th afirtuoand subjrstedtna suitinstadk iandinganditorepersvetofusathe of
fluid exiting,f dj acent. out ti 72. .| h bodi of FIG
L e PSRl o Sl R B b G SIBEAB e e |
addi ti on, a@k{'ﬁ%?r%ge?ﬁg.' ggfﬁﬁﬁédi%a%&sfﬁf'b%% BFofLRHpEd ihaskanidA bR hersS O

that fluid ex acent ow paths 62 diverges. Referring to FIG
4A, an annumay beuséd thicurelsinaimainthe stacledqliskseassembledr to the annul ar di sk

60 of FIG 3. One of the main differences;_ however, is.in.the shap 0, of
the 3®termedi ate sect 15§ valyespse bR A qqﬁ?ﬁpﬁﬁﬁhty@%éh‘?ﬁtaqkﬁgfiggﬂ%&@éw h

e '_L___'_ _A.!.l_'

ot 5, SR TP AR G £ s e pmr

have a grad curve. ow nore close resenbles a
spiral. The flow paths 62a-c of the annular disk 100 of FIG 4A also
include restrictions 74, 76, 77 for producing staged pressure drops. Flow
pat hs 62a and 62c are



%= 25 shown with restrictions fornmed by first and second ridges :projected from
~opposite flow path walls, sinilar to the enbodi nent of FIG 3. Flow path

62b, however, illustrates alternative restrictions that nmay be used.

" Restri ctwore3madss? f or exanple, is formed by a single ridgePbI8S&% %y from

“one of the flow path walls. Restriction 76b is forned by offset ridges 79a,
79b projecting from opposed flow path ls. In addition to being 30 '

offset, the ridges 79a, 79b have different profiles. For exanple, ridge 79b

projects farther WO 03/Q167G7 - 10 (USQ2/ 22472 jntq the fl.ow t han
ridge 79a. %h@d\ﬁélrmbﬂfﬂ)égmﬁeé@iﬁorﬁﬁ%ﬁgﬁﬂ’ﬂ?é}ﬁ#&SEW%IIB@%F&%?Q( he
desired fl rac ksil CS: I d i tlet
orientati o%@ﬁ@“ﬁ?@ﬁ%%&é %ﬁmﬁié@c@%{ﬂb ???1%% u‘géeagaffdg?tiegg%#ﬂggg%a%u ienner
ring 102 f aiepRsh 44 pbdiGord deartiqstioieta36, el ah iteriediatd sectibnd4 conzecting
manuf acture and assenbly of 5 multiple disks to formthe ,tri&}cage. W._t hout

the inner rtheipldGectiaathtothe kutlelseations42. oWken anidentipal diskds stagked . gn topofe

bl ank_ pi ece 04 i cf uld ke, di.fficult to t t . ith
the ishner rqs‘ﬁé‘SKéﬁ?mﬁ:@\{%ﬂgﬂ@&e@b}é?oiﬁ?%l@ rﬂ@l?%f@r)l&e_ %@S‘{l gﬁ%%ﬁ& ngtth%\é :

di sks are s e t ' &flekipuths @8%fs entitély bohthined
center of t#@g%&@?"nqlqgggg@ghﬁﬁgr@gﬁ%‘r@%ﬁgtﬁlg?tg f:pnals- di arr%nt eryby renovi ng
the inner rywiiBink@eh digkeat dbkichanldnbddinentc eavinflive path38 ivbounded bilaa rsr| ow
center and the inlet sectjions 68. Instead of.the inner ring,.102 .each, di sk
may have arwallfé6ranyouigr walbd8, anddlanigporfins ol fhe UPPET A%wgra%gacg%%lfeﬁ ‘as
the inner ring. The o 14 hivenl tARRn v WhSvitH lfSreddett
assenbl ed. Furthermrggl&{%‘reskg?s}%ggr%?nbe prg%rgé%gv?ne?%ﬁ%oth innere.'anqoouter
ringgp 102, RIG3H1 add 5i I thstprefemdd embbdifent €actt flow patht38rextands atrossthe hatingi sks

during assenbly of .the trim1 S cage. Still further, the, bridge be
provi ded i nthidkaessof thestisktaareyides throyghneut flgwy path. eﬁowtcghﬂ&ﬁgg@émen
adj acent blank pieces 10 15 h ﬁﬂ? HileS R €
assenbl ed. €%¥°5ﬁ\?831y e eogfe]gg)egite g&é%%%{)%?\?rﬁeﬁ? S, ﬁi’qﬁ‘?‘?’g’g‘g l%r%s cggﬁ}rgerr%ved
by any knowydiga) $he oW pattls 38mipbe pevidediindifogn other thao throiglg-cutfpassages.
above-noted bridge is not necessary faor alternative fl oy at]h 20 .. ..
const ruct i ofier, exemple, dbe Jowaratasw8 @?é’rh?e@@}‘emwmr\fga&éq s formd i e o
are.ﬂ t creat.ed,,In such alternatives, the flow paths 38 may be forned -
duri 5 cast ‘ﬂgk%?r formation of the disk, etched into the surface of the
di sk, or in any ot her Eath flaRipati38isehapeltdincreape theiatwantofidrasqrected v thd ew
of a plurality of stacked annul ar .disks I. Q0. Fram FI

| : , G cgFia gl B
appr eci at edfluidain th¢jemthadimentsbpwn mF L2, theonteapedatesechond Wvﬁ How Pkt
t h other,t t h . h . focke f i t,
the’ rner 1 ohipdmits B koLl BBk Thdei ShdpR iR IRIERR SP MG O

expose the phntheB a5fatdveRsfr&if thé irdetahctidrow0 pathe ohiflet stefiem 42.nFhe nitialayideh an
al ternative enbodi nent annul ar disk 110 i s shown |,a V\hlkggaga%h fh&l d flow
pat h262 t r aofthe Sowpath 38 maay be selested tognsure that theflvid quiekbattachesfo s iomer e

i nternedi ate section, 70 i,pc DORLIH s Ky end
114 and a dﬁ\ﬁ%"ﬁ?re ﬂ}sp‘%r #Fo#%ﬂggr%%ﬁ%ﬁ%@?ﬁ?ﬁg{ﬁgg aen ?Efgﬁb‘xga?ﬁoﬁh? n
FI G WO 034@h4Pkpahd t&E0ntEIARE A6y of thenfiluid @ theiptmstredatediceks 110 may

be formed and stacked so that the exit end 114 of the u‘_gstr.eamdpori&i on 112
formed in a first di sinadditipagthsflomspaths 38 areshapgd 9 redncengiseARd SpvEgHOD.

downstream portion 116 forned,i ' i t chhhsdsGn W | |
fl'ow from t ﬁb{wegﬁ]ﬁ]f g’gnf?c’e‘?{ p?%s égﬁﬁf‘ﬁ‘gg%ég%@é&%ﬁ%‘?‘ﬁ%‘%“{fﬁﬁﬁ ’ctlhe.gg‘si rst
di sk y50 t he gg¥itfonCashidklitherdin 3ben frottiddd eile of hitietyt degrees er less betiveen edjecdnipped
exit and entrance ends 114, 118 to the downstream portion 1 nd

] ) [ 16 gg,a sec
di sk. The t flamgiath portibns.viadhe embodiment illsated snRlS. & each flowepgth 9348 for@eCr o
reduci ng structure. .in the . formof two consecuti j Lo To
mni m ze t hé ¥SPLA PGS IQPPEHYSSE‘B’EP Wges LY R?Kg%egt%ggi cg‘%&&ﬁ&éﬁ? ect gln
changes, each downstr qaghife i RuciRRH haBGF 4 teFEreRdling B0 wiete drawn fonmhe diskone
120 i mredi ately downstream of 'the entrance end 118. The recovery zones 120
al | ow t he t ugxhoande flow phth ihlaisection 40, g8y peition of the flow path 38 that extends at

30 an angle to the reference line will increase the length of the flow path 38 asit travels from

the inlet section 40 to the outlet 42. Any such additional flow path length will increase




- and pronote reattachnent of the fluid to the flow path walls. As a result,
~even through a series (i, e., a pair) of consecutive abrupt direction
- changes nmay be provided, the pressure drop created thereby is nore
“ pr edi ct awoe03iMd7a’he gradual effect of drag is 15 enhanced.PqTfU$03/22472
~alternative, the exit and entrance ends 114, 118 may be shaped to effect a
snooth transition fromone disk to the next, thereby avoiding the creation
of consecutive abrupt direction changes’ °FI G 8 shows anot her di sk
- enbodi-ment having intersecting fluid flom%g so that the II|s

of
fluid in thémepmmtroidln@ggctmgmruthsr@swh@r eenra(a PERGSWE TP OB VR ce

i nlet sections,1 d at e I | et
section 132° W¢‘g‘é' tgﬂle Hﬂ&eq @g %)?ﬁec{ahg&%l &gé%ss %:‘?%P ggﬁ'ﬁan\%éﬁﬂ éq

For exanpl egq '38' a{eeltes@efé b@Bual 3edictiofl Sn fivid résmélvormmttﬁescrkaﬁon 6138
Each flow path 138 has a generally spiral shape fromthe inlet section

132 to an oud_]he&ntama’s iofhigh4fd 1@upmssmewhw@amau§3ﬂowambm seflugtionin a |y
aligned with a center point of th | | ow center. S Iow
pai 1 535, 190w ﬁ% R ARY Brip (O PR ot o Bridthy BhmREFabet
associ ated | %%H%em?, rupt direction change

bet ween t hePTR ?‘}IF sec #%%%t t e |°03vﬂ%?£fiﬁs 136, 13 8, recovery zones
142, 144 axe provi ded Refeningito FIGYS,pntaltordive aﬂﬁﬂanﬂtsldﬁ(atseshpwummgrﬂ;w of
the inlet section 132. Each flow path 136,138 |$cl Udeigab‘iléﬁgéﬁ ﬂ@f' ng -
structure i ﬂowwﬂﬂﬂﬁmhwoducémlﬂﬁtswgem%?ﬁ%éﬁ 9?"136
x38 extends to f @@s(h

other flow f Waé‘{j?“—'gdrao% ﬁ%vﬁg‘a%%&i% erseﬂé%"slhﬂ]&% 016767 -

PCT/ 4502/ 226@&&&&1@ &éﬁtw @ﬁﬂﬂodgﬂc&lﬁmennmamcmmm,aﬁd tcFamutiebsdotion 32
further crosses a flow path 152 at intersection 154. Finall flow pa h 138
e in IR oi e

i ntersects pbsitioped measgheperimeter 64t i anthesembediment |ilys

with sufficient recover 0,

exanpi o, 11 P seen R el T RGP lofiR Qgé%ﬁf?@ﬁ%‘ R pape .

i ntersecti ongylafy AR Thedeg bdsmadgiv@a-@ Bre dsSsiated mﬂnﬁeo\ibﬁjz)folbmpa iprhmsure
bet ween i ntersections 154 an 156. ' In operation, it wl ap reC|ated

that the fl mecthcpan siagg as thedlnidh flowe thrpugh ﬁh&tﬂﬁ%"’ pithi62¢ Bpeh wlafo between

|ntersect|on uid colljsians djs e,£ne

redude fl ui & &ﬂl@gpﬂg‘ 7I¢9§lfllf ye?%&%%bd(ls&o%%nb{b{é@%flétﬁ EATEROn e
energy 10 di ﬁéﬁ 'd&ﬂn@d‘ﬂe@fn? ©The PreRi6 fddubingatituetures) suchhs rédtioriqrstids76ray
be co- pI anar so that each infersection creates an abrupt change_in

direction ofprd)\héed muh@hntérmndlaﬂesecmle?%mey rroateriberrete presaure Apaps and gy grient

travellngthr hfI 3 ch.t w=Tole] | ect
into the dmﬂﬁ g‘b‘?‘fﬁ iﬂé‘fﬁg%gaﬁ?gt %g?%aé szgsg%é% 71zhs?'(t:{?arrow

Li kew se, H:&eg 51 diel 7% fokmet A tanSiafbPRall i80Nofothe flcawpptht 62 Mmutereaigb 82he -
i ntersection and deflect into a dowstream portion_ of the flow %at h

138, 25 suggesjeetingfronr a Sowipath owtexwell 840\‘Sim§alt1ﬁrtb€| Fpstriqtiend 63s formed

t her ef ore, erience br t he
abr upt Chang%gl"frﬁ‘%fsfsggn%‘?‘fﬁﬁé@ V‘@gﬁ‘iv%ﬁgﬁgﬂ% ?{ gﬁéé ??govﬂmgﬂﬁg{é%ﬁg#cs
the recover >84qu§&11 %O%P%ﬁat&pwaﬁﬁe%@ﬁoﬁam Terthey be Eornmed, bysuisinghesridge
~ recovery zone 1 nimze the detrinental effects of such abr
direction cHemebimrcithezthoinneher putes walle 86r &b ardnayAther MABE that/s {éﬁtsb%
nore predictable: Aé a,result, the desired total pressure drop through the
di sk 130 nmayPrewsuFRgeauetian apl y cal cul ated and designed. Alternatively, the
flow #’?t hs may be of f sgh . [Rj-Qily BQwRHAn dYeRES Ritricton!7d, TEIbuGEcdVerBEonEiN0AL €
- abru direction changes in the fluid flow while still creating
92, respectively. The recovery zones 90, 92 do not have any restrictions, abrupt direction

changes, or other pressure reducmg structure therein. As aresult, the recovery zones 90,

92 allow the fluid to reattach to the inner and outer walls 80, 84 of the flow path 62 so

that pressure reducing drag once again acts on the fluid. The recovery zones 90, 92 also
30 allow for a more predictable pressure reduction through the following restriction so that

pressure levels may be more accurately controlled to -avoid dropping below the vapor



+ 25 additional |osses through the action of a fluid shear |ayer between the
.two - streams. As shown in FIG 8, flow path 136 may intersect with flaw path
166 at i l.on 168. Upstream of the intersection |68, 136
“may incl 8&0(25?6{8{52% 170 which directs fluid flow toward an ‘L‘H&@%@g%}. on of
“the intersection 168, while flow path 166 may include a ranp 172 which
directs fluid flow toward a | ower portiongaf the intersection 30 168. As a
result, fluid flowing frompaths 136, 166 into intersection 168 will
conti nue al ' : ] I S6Hld \hiRadnl ON.
Wiile the pr s%%'?ibf \(7\% %%%lé%@f,%yg%%%%%ﬁzd}l gglg%g{lg%%hat tdr}%%éh% .
i nt er sect i onofth8rdcaventzons will bamozseffdvtive smse tedld flointih opéeagain attached to
i ntersection 150, energy in the fluid is dissipated due_tqQ shear fqQrces
created by tthe valjsaafdhe Tlowpath62ovis:2 Feslitsa tre mapliirstegerinidinsesspgs reguction
annul ar di skd190 A s.shag@ having nultiple 5 sub-outlets 192. A flow path 62
is formed i nt§RE® 1§PIRV having an inlet section 68, an | internediate
sectiog 70, and an out hgje FRACHIRB2 EomdtPupsiieain GFaR4 teomicBBnea] T6hey work at e
section 70 may be formed in any of the manners described above with, _
ref er ence t oint éncertrvith she stiapdiand isize. of the restridtioms Jde 76 do orient theflamein the

. includ litti -fl ti 192 that f fi . d
Sube 11 ow outfeepery Gincer s pbidmg IRESLIS R o 20T Qs Sh¥h if AL o 6F THier
anount o colqa%gﬁ gfh\%g&gohbalé idg%é} {RRARE P BdBe 78! The off@@cfrﬂﬁ?és helpraei ng |

vi scous drag. resent scription is directed to including the
fluid pressufigidr s aowgrdithe ceatepfoftils dowmstemaim meovery zoné 90ttoliroyide lauindre

control valve, it is, understopd that the invention is not sq Jimted., The
devi c0rmay beniform SnidHew velockty profilg apd & preventadgcsny ayeas ?Jﬁf}é‘ iaﬂn@%}’i’

upstream or ' , | | fhe
Deat o of Breuns SRR AR Ren Ak, Ot sBPRIS, Y4 HORPSMGHEL vabolty
given for clgefesdintleasedpiedictabiitylforgoomstream pressureweduetionstagys.| i it at i ons
shoul d be understood therefrom as nodifications will be obvié)us to those
skilled in the art. \kbeognidstceestiony 47Aypae ?%l‘@%ﬂn@%‘il‘%{le@ A

Of Fjgpze

pressure reductio | riﬁé'H] 3 . 4 ked
di sks havi ngc%’vﬁg%g%%‘g?ﬁg%%gho g%@@%@%‘%ﬁ%????ﬁ%&@ﬁ%@%ﬁ{g?ﬁ | nal
axi s; 18ach dj she battétrectiinslappsgiacaidbot the pefiphergof dreclisko6( cinvadditionhadjacent ow
center and the perineter, the flow path includi nrg%? i,(gl el. Sﬁ_lct 1.on, af& :
outlet secti owflet sertions areflirecied @miay &rogpens anqthexsse tgb“ ertiag fheadiacerytlaw ong
BUEREERSECH! BitBs 62 diverges. ' '

~ Referring to FIG. 4A, an annular disk 100 is shown which is quite similar

to the annular disk 60 of FIG. 3. One of the main differences, however, is in the shape
20 of the intermediate section 70 of each fluid path 62a-c. Instead of being flat, as shown
'in FIG. 3, the leg portions 70a-c of the current embodiment have a gradual curve so that
the flow path 62a-c more ciosely resembles a spiral.

The flow paths 62a-c of the annular disk 100 of FIG. 4A also include

) _ restrictions 74., 76, 77 for producing staged pressure drops. Flow paths 62a and 62c are
25 - shown with restrictions formed by first and second ridges projected from opposite flow

| path walls, similar to the embodiment of FIG. 3. Flow path 62b, howevel_', illustrates
alternative restrictions that may be used. Restriction 74b, for example, is formed by a

single ridge.projecting from one of the flow path walls. Restriction 76b is formed by

offset ridges 79a, 79b projecting from opposed flow path walls. In addition to being

30 offset, the ridges 79a, 79b have different profiles. For example_,, ridge 79 projects farther



*each flow path internediate section including a pressure reducing structure
,and 10 a recovery zone positioned i medi ately downstream of the pressure

reduci ng r re. 2. The fluid pressure reduction device i1 , in
“whi ch thﬁépg/&#?’g reduci ng structure conprises a pair of sgiﬁgbﬂw%ction
changes in the flow path. 15 , 3. The fluid pressure reduction device of

claiml, in which the flow path internedilft-e section conprises a plurality
of flat leg portions: 4. The fluid pressure reduction device of claim1, in
whi ch opposijpg, #R!flow Eﬁthttﬁ@ fidgy9aatiheivationgwedirittion smbbiiments mey bé biged to

di verge fromone another as the flow path 20 interpedi ate section advances
from the i nl@stainehe desireddlidvhchasaateristics suahi aspressurediap W@%Hldpﬁ% oyFatation.

reduction device of claimJ], | | . ' : '
conprises a restrict iCo?\‘!.hren Sl%idbrag#ﬁ{u% %B%@iﬁ%reg}’éggécj’t%}u% agﬁelgln%ggw&fewgl aim
5 in which th LhChi : ' [ ' AdifeAnd heehdlY of St
wal | of the F%‘\?v&%g{hﬁhgi}b&%ﬁlg@?ﬁﬂl%&%%( ggg’:ﬁ) iﬁfgiéﬁg% Igériﬁlgevi cgan cl ai};? 6,
in whigh t hemRile diskisan férut thedrinceager iWithout the et ringd§d, eachabig Wouldtam a

e ot sty ] e s .
o The' 11 ul caupt eSERPLF Wil abs Beb b 100 dhe bR BRGHs 1Pt R YRS

second 5 ri dgﬁ%j%(searé’ %%éﬁéd A1 sebidbd tdpRtter with relatiye ebse. PHis hdllomectntgraifitemm
ridge. :

of the secon _ The fluid pressure reduction device &cl ai gb in
whi ch each ftrimca»g&ihtlmmqnldrg&;hohﬁlﬁmkﬂlanmeéblétﬁf@vﬁwﬁé%f@gg ﬂ?reé?g]-‘ t he
i nternmedi ate _section and.a ssocjated recove s 1 | i I

HownsiBoam ofivEomBrBReiTtbRRaT A holla® SERGE G 68 MRRPRSOMRC st EIRGR(RE 1 ¥

reduci ng stryclupe,q08, EREM May AR Abtefifi®t0S (FIGHBY shut pravides the smne
11. The fluid pr_esgure reduction device of claim1, in which the fl Wsaga,t h
i nt er medi at ebewsfits as the imnerriag. t The onter 2ingH 192 is they removed onee G‘P‘“ddfﬁ%é Bre

ter medi at chastis an the imar ring. ¢ B onter aingp10:
he rad:al  dpasembec Fumiharnoirehg e iy b o ded wiE bt 2nBbb@E RN,
fluid pressus s adialiA 4RMEEACfo firerblbilizo MMisks usiprnsémetyof e im

portion of the ¥Tow path Internedi ate section conprises first and seco'&d
sub fligw out leggies .Still FHBRHIBANERE may be provided ini the form of one or more tabs 106 (FIG.

4D) extending between adjacent blank pieces 104. The tabs 105 are removed after the -

disks are assembled. In any of the foregoing embodiments, the bridge may be removed
by any known means, such as by honing, grinding, or machining. |
‘The above-noted bridge is not necessary for alternative flow path -
20 constructions, such as grooves or channels, Wher’e individual blank pieces are not created.
" In such alternatives, the ﬂow paths 38 may be formed during casting or formation of the
disk, etched into the surface of the disk, or in any other suitable manner.
| ~ FIG. 5 provides a perspective view of a plurality of stacked annul_ar disks
_ 100. From FIG. 5., it will be appreciated that adjacent annular disks 100 may be rotated
25 with respect tc;. each other to create the flow paths 62. In the illustrated embodiment, the
inner rings 102 of the stacked disks 100 have not yet been removed to expose the inlet
sections 68 of each flow path 62.
Referring to FIG. 6, an alternative embodiment annular disk 110 is shown
in which each fluid flow path 62 traverses moré than 1 disk. In the illustrated
30 embodiment, the intermediate section 70 includes an upstream portion 112 having an exit

end 114 and a downstream portion 116 having an'en_trance end 118. As shown in FIG.



~-16 14. A fluid pressure reduction device conprising: PCT/US02/ 22472 a
plurality of stacked di sks having a perineter and a holl ow center aligned

- along a |ongitudinal axis; each disk having at |east one flow path

" ext endi 0 88‘6’9\%7@71 the hollow center and 5 the perimeter, Fﬁ@’uﬁﬁ%w‘ﬁ%th
“including an inlet section, an outlet section, and an i nter medi at e section
extendi ng between the inlet and outlet _ggctions; each flow path

i nternedi ate sect i on including a restric¢tion and an associ ated recovery

5223 Pt o iR s d 1AM Re ot andprie kR RS it B el B ELLoAE
ecovery ZQif)%trea]:H &ﬁmnTm ffnlnh’édqn RIS kel 1096 6let SiITRY efRarte eﬁdl 3| %f‘tﬂe in

'vvhlch opposr ng vvalp I's of the flow path internedi ate section gradual

di ver ge fr clowanteangiondon B fohmed inoasqoand disktld Omédiaatsuls Suid will ﬁolwimms

fromthe inlet section to the outlet sect,ion, ? %-" ﬁﬂ fluid ure
reduct i on dbe heBowcentenihrough the wpsigeampartian { b2 pf thedirs ¢ & e H‘st

“dg ext eglgb“@mdr i e %fe%'a'%%vﬁ%g %t%&*éptr}ﬂceemgﬁhuiﬁ d%rtﬁésure

redu tion cl alm restrictron further’ conprises

second ri dgﬁﬁsh@ﬁ@pﬁﬂndﬁp[ﬁ@f;ﬁ@@@ﬁtﬂdﬂmd opp05| te wall of the flow 20 path.
- 18. The fluid pressure reduction device of claim17, in which the first

ridge extends farther Thﬁmnslﬁ@nﬁﬁlebwqﬂaﬂl? flﬁhﬁnﬂfﬁ@@@céﬁ]&s Pﬁﬁtjé a 1213‘98119‘6 The

fl d d t ¢ . e
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second ri dgge deleteri¥s @ﬁé&é@?’cﬁz clokél @gééd%@ﬁiﬂ%@&ﬁ}pchaﬁgﬁ Eddhldéwﬁfsﬁ‘éﬁﬁr e

reduction device of claim14, in h each fl ow path conprises multiple
rest¥d cti orflow rpaﬂhpomnndrlﬁumlad@ aswpmry zond 1@?:0 me«ba@bedbwmmgf thene

t d d t f h
Festr! ot oriance end 118 T ReTRetERzaer 20 ey o hEunpite IR Fif < 8trape
recovery zqpg ﬁ%o%%&h&eﬁf 61' thE NA Ade H%Wa% WaHQ N&s B3bdultebiedGhfouh

pressure drop “stage. | urd pressure reduction device of claim 14,
in which thesdriesv. patahpaxr)tefrcmﬂemnwemuptonhrecgonmhawsmay be mravxdpﬂ,r‘éale

conpr i i ng:PrasTG SR gaet Cagrdey. Bngre ResdicioftR g T AR PR SE G oo
centgy ali %Qn%dggﬂ eal'téiﬂ&i%“@l‘e@ﬁit afd Eﬁumfe%iidmw 1Iv@ma9%eahaﬂeaa§teﬁeae

flow pat h ext tween t he hol | ow center and
a smooth transition from one disk to the next, thereby avoiding the creation of.

consecutive abrupt direction changes.
FIG. 8 shows another disk embodiment having iptersecting fluid flow
paths so that the collision of fluid in the paths reduces fluid pressure. The disk 130
20 includes three iniet sections 132 formed at the hollow center 134 of the disk. Each inlet
| .. section 132 may be a common inlet section for two associated flow paths. For example,
common inlet section 132 feeds fluid to flow paths 136, 138. Each flow path 136, 138
has a generally spiral shape from the inlét section 132 to an outlet section 140. Each inlet
section 132 is preferably radially aligned with a center point of the hollow center 134,' S0
25 that each flow path 136, 138 rcéeiVes approximately one half of the fluid ent«_aring the -
| associated inlet section 132. Because of the abrupt direction change between the inlet
section 132 and the flow paths 136, 138, recovery zones 142, 144 are proﬁded in each
flow path 136, 138 immediately downstream of the inlet section 132.
Each flow path 136, 138 includes pressure reducing structure in the form
30 of flow path intersections. As each flow path 136, 138 extends toward a perimeter 146
of the disk 130, it intersects with other flow paths. For example, flow path 138 intersects



-5 the perineter, the flow path including an inlet section, an outl et

_section, and an | internedi ate section extending between the inlet and

out | et t wherei n opposing walls of the flow path i | ate
el N Y676 . . 405

" section dlﬁ\?g;rage ?rom one another as the flow path internedirate s/g%‘t%?on

advances fromthe inlet section to the outlet section. 10 23. The fluid
pressure reduction device of claim 22, .ijp-which each flow path internediate
- section has a generally spiral shape. 24. The fluid pressure reduction
~device of el {MaR pakit 1AiGeeRREto 150) Mk patint 38 fRALALBeRAG oW pdB b2 des
pressure reducing structure and a recovery zone 15 positioned i diately
downst r eamabintérkectipnelsehu Fenallydflownmtls 1 38 intarseets 2w pathel ¥4 atiinterseetiml 56.
reduction devjice of claim?24, in i ch.the pressure redycing structure
conpri ses &aFh HowtpaiBriperogided cwith suthicifgle seqoNeBh goResod WarPanD 9f ch The

fluid presgur CE | lq i Q00 ' : ' uci ng
struct ur o SaeebEk ROt Fonnbaty38 | ol Bt fidobel§ BRETS bEER LT 2
of clai m 2@ntefsBotidtisC NSO hadr BB 1 iTat Additici) iREdveR$ zodnk | 1671 iy pAHSIRX betwebend
froma first wall of the flow path. 25 28. The fluid pressure reduction |
devi ce of dntatseetions 54 andildh. the restriction further conprises a second

ri.dge extending froma :secand .an osit.e | | .of .the flo ath.. 30 29.
The fluid pressure 're@t?@ﬁa@ﬂndgvmgg&prﬁ‘flﬁﬁe&ﬁ%@eiW&HWW&%&“&FP& Wdge
extends fa 1 ; rBddnd N B8 il oy WOHE3RA 6 7 G7
PCTI 502/ 5358 willdofiddd thd fitrh E’r’%s?ﬁ? 10 SABADSS dibdBfte enerzy HOH m&z%, in

whi ch t he fihd s¢dveadluidpressire dgasresmlg thé flaak’s ewntrhationt isaiskd eshance @égergys

- posi,tioned upstr.eam of t he second ridge) 31. The fluid pressure reduction
devilbe of Qé%%ﬂ@&ﬁf%ﬂiweﬁﬁﬁqﬂwfl?‘ ath S conprises nultiple pressure

reduci ng. structures \tyd sw iR FRYR! G- 5REA GRuA Ladl i ASRBCIGH ElatcE R e Y

zone positioned i medi ate ownstfeam of each pressure reducli ng structure,
wher ei n eaabrupt ebageanrdirbotiom 9f she flaidiflewarniit intereaction 5y dompenamypdé,f fitdls a -
pressure drop stage.. 03/016767 -20 32. A fluid pressure redyctiogn
devi ce cowﬁrﬁvglmag%r%#ﬁngaam% ey, Feaeh the ylteqse%ttogckifﬁaeﬂ drdeg{dnicnihea

ot : b . Sre e h
G sk hayi ngoPPArRl hOMASTIEiq furh 986 SeShalipicl Ly AL 1E) Thko b BB
5 and the ppstremri portionhef flow path 1| 48vnpwytreacinthielicliengection i 150edndsdeflecpinto an

outl et section, and an,internedi ate_section extendi ng between the in]et and
out I et sectdpwRstreapy poticnp{dthe oy pathnl 38a9s sepasated hyearrass dof o Fluid flowinge

section, a ' i cti . i &6 i : agq“ utl et
sections; e?é} %H}%ﬁé%g’c%tﬁ%ﬁ?@bwa%&xﬁé%%r mac]'l?}gi’te seg% FEgrdli rgéh irs 1%f | ow
pat h i nt er pehdlytha abruptehahgeindiestommapresulo iransiesirible flowetlaracteristics, the

recovery zones provided downstream of each intersection, such as recovery zone 158,

20 minimize the detrimental effects of such abrupt direction changes and allow the préssure
drop associated therewith to be more predictable. As a result, the desired total pressure
drop through the disk 130 may be more reliably calculated and designed. -

Alternatively, the flow paths may be offset prior to each intersection to
reduce or eliminate abrupt direction changes in the fluid flow while still creating

25  additional losses through the action of a fluid shear layer between the two streams, As
shown in FIG. 8§, flow path 136 may intersect with flow path 166 at intersection 168.
Upstream of the intersection 168, flow path 136 may include a ramp 170 which directs
fluid flow toward an upper portion of the intersection 168, while flow path 166 may
include a ramp 172 which directs fluid flow toward a lower portion of the intersection

_ 30 168. As aresult, fluid flowing from paths 136, 166 into intersection 168 will continue
along their respective paths, without abruptly changing direction. While the pressure



- wherein each of the first and second flow path internedi ate sections
~including a recovery zone downstream of the intersection. 33. The fluid
pressure reduction device of claim32, in which the first and second 15
“fl ow patwe @ree¢mi7r ected toward the intersection at subst al®CTAIN0Y224i2 sane
-plane, so that fluid flowi ng through the first and second fl ow paths
under goes an abrupt direction change at the intersection. 34. The fluid
pressure reduction device of claim 32, -il? which the first flow pat h 20
includes a first ranp upstream of the intersection directed to a first

pl ane and tdrep sttheinteiseetiony Hadis netas gmatasthatassacintediwigh planer iatersestion hel, |
intersection directed,to.a,secan | an sp that fluid., 1l ow ng,thr t he
(e secy et e S ARSF AR abt & Stea® forh ek bif hd b HRICHED ¢
35. The fl Lgtﬂ@a&rs'essure reduction device of claim32, in which the first
flow path inlet section and the second flow path inlet section are

integrally pr ovi ded aReferaongmow to FIGt 9,secannotar disk 180 8 ShaGhering dultiple

PCT/ US02/ 22472 36. The fluid pressure reductio ice of .claim35, in
| oS the cohronleisi e Adewirsih o2isdp t ?%‘E lgsma‘apgﬁna@leté%%ﬁ%ﬁee

whj of? the cSme PR 2
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WO 03/ OLG7 Géctide 70aldy\ i30dhRed fitardof the ildninersdescribedaboee withi referahey ke the
conprising: a plurality of stacked disks having a thickness and defining a
peri net er avadions esthodimennt dhegutlghaestion Fidg haweverginclndes & splitting subzBawdi sk

havi ng at | east fl at.h .ext endi en,t ol 40w Nk er..a 5 the
peri mgt er, THa} ﬁggﬁ‘bﬂi?ﬁvm?%@ﬁﬁéf@ge‘é" 'aigs%%gﬁc\'{ggg%l%%ﬁl,ﬁanﬁgeuﬁ(ﬁgﬁﬁ% é% '|ﬁo , and
an iy er redhitfes ERFintRAshE aRduAthfRRhweERetiveen ihe! Miid andlthe\patlewalks tHerébys ;
wherein each flow path extends across the entire thickness of the disk to

provi de a tincmsasihg viscond dragpat h, each t hrough-cut flow path dividing the
disk into at least first.,and second bl.ank tipns. .1 3. Jhg .f.luid:
pressure reduction _dewl%e%‘Fpﬁ?sﬁ?ﬁ#eé??&f??%@ﬁ%g%ﬁm%éﬂgfﬂm R PIYREC des
a first br 'ﬂgﬁ‘ciﬁgHEYi@é‘oﬁﬁﬁ@iﬁidéxﬁ%nﬁﬁta\&%@ﬂfhEﬂuid ESdtrANElvVe St ¥ \shdelstdve that

portions. 39. The fluid pressure reduction device of claim38, in which the
first bri dgbe ifveption ismwt o lipritede Thadevinamay bedgpirmmenteshasadizaddesigcaoroim t he
interjor port,on of, .the disk. 40. The fluyid essure reduction devi c f

cl i 1 35, TAPIRARSCIIGE SPTTEE B S T PR VL L Bor Y BePEEERL L i on
extendi ng aheWcatibf o &lcbfRbRfal®. the. di sk. -. -

The foregoing detailed description has been given for clearness of .

understanding only, and no unnecessary limitations should be understood therefrbm, as

modifications will be obvious to those skilled in the art.



- 20 41. The fluid pressure reduction device of claim38, in which the first
bridge portion conprises a tab extendi ng between the first .and second

" blank portions. 42. The fluid pressure reduction device of claim38, in
“whi ch ea¥P 8/8%7¢7ur t her includes a second bridge portion. PETN§02/2HR f| uid
pressure reduction device of claim41, in which the first bridge portion
conprises an inner ring portion extendi ng about the holl ow center of the

di sk, and the second di sk portion conpri %é an outer ring portion extending
about the pﬁz-!i gzt E{ .of !Ehe disk. 30 WD 03/A G/Gr - 23 PCT/ US02/ 22472 44.
The fluid p ‘ion device of claim4l, in which the first and
-second bridge portions conprise first and second tabs extendi ng between

adj acent bl ank portions. 5 45. The fluid pressure reduction device of claim
37, in which oppdsiAfiuidpressudé redactior devicedonipiisind:ow pat h i nternedi ate
section gradually diverge fromone another as the flow path internediate
section advances aplwalitnnd siagked diskehaving a peritheteioand adollosecenter aligaed athmg
fluidepressyre r.eg ction device of claim37, in which each through-cut 10
flow ?)ath i i%‘}% B8xction is curved to forma spiral. 47: The fluid ‘
pressure reducti @acHi@ivk Revifs aClbadt Bhéﬁowﬁmteﬂniﬁgsaw%&me%ﬁxw chfk dR4l ate
section includes a pressure reducing structure and a recovery zone

posi tioned thenpefimetet,ythdoflowt path nincludingeamp imlet seationg du couttet sectiod, Land. an WO
03/ 0167G7 -24 PCT/ US02/ 22472 48. A method.qf assenpling a fluid pressure.
reduction d ?T?dlt’gﬁﬁ?qt’gpr?&e a&ﬁ%ﬁe%&aﬁaﬁw L 3fCURBS:havi ng at | east
one flow path ex gg}ﬁﬂ #@&H, : !

di sk, each flow %at ?ﬁ&g E{I ng gﬁm{féﬁ%&gﬁ%&%ﬁ%ﬁng QQ%S%JJ'LQ ?ée(%l{%{ C ul'ug{r-]uré %‘(11 an
i nt elfredi at 2recevtrycone positionetbinhaédietely ddvenstrehratof thecpressutetedbeing strmdnge. t he
flow path dividing the disk into at |east first and second bl ank portions,
each disk further including a first bridge portion extendi ng between the

first and second,b i ; i t .5k . | S ring
the st acked di ok2” togSrREpHSRRoall QSARedt eIt B BE i HieditcinaliRe " 1o
first bri dgsryvoureicomppiseeapiir of shrupndirétionichakged idiirides pambl y. 49. The

met hod of claim48, in which the first bridge portion conprises an inner
ring portion extendi ng about the interior portion of the disk. 15:50.- The

et hogd of claim 48, % Ch iaf st DL i on coppEhs n_out.er
ri ng?%orti on ext g'ndrir%g ﬂél\t@%@?es%ﬂ% %g ’J;éérr%r{)éérﬂqg?eo? %gnl&l gkﬁl g@néhrﬁ% ﬁ%‘?%a of
clai m 48, iinterriedinté Keetibh ceinpbisesigplupdlity bOflatlegpoitas. a tab extendi ng .
between the first and second bl ank portions. 20

4. The fluid pressure reduction device of claim 1, in which opposing walls of the
flow path intermediate section gradually diverge from one another as the flow path

20 intermediate section advances from the inlet section to the outlet section.

5. The fluid pressure reduction device of claim 1, in which the pressure reducing

structure comprises a restriction.

25 6. The fluid pressure reduction device of claim 5, in which the restrictioﬁ

comprises a first ridge extending from a first wall of the flow path.

7. The fluid pressure reduction device of claim 6, in which the restriction further
comprises a second ridge extending from a second and opposite wall of the flow path.
30



-52. The nethod of claim48, in which the disk further includes a second

. bridge portion, and in which the nmethod further conprises the step of

- renoving the second bridge portion of each disk in the stacked disk
"_assenbl yWO2B/03@67The net hod of claim 52, in which the fir®CTBIS0YgRTHortion
“conprises an inner ring portion extendlng about the interior portion of the
di sk, and the second di sk portion conprises an outer ring portion extending
about the perimeter of the disk. 54. THe“nethod of claim52, in whichthe
first and second bridae portions_30 conprlse first and second t abs

~ extendi ng bet weefl- A8f Huklpressiesrdustion deyise of claimpfin whichabe arstridge extends
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each disk having at least one flow path extending between the hollow center and
5 . the .perimeter, the flow path including an inlet sectioﬁ, ‘an outlet section, and an
intermediate section extending between the inlet and outlet sectiéns;_
each flow path intermediate section including a restriction and an associated
recovery zone positioned immediately downstream of the restriction, wherein the
restriction directs flow substantially toward a center of the associated recovery zone.
10
15. The fluid pressure reduction device of claim 14, in which opposing Wal_ls of -
the flow path intermediate section gradually diverge from one another as the flow path

intermediate section advances from the inlet section to the outlet section.

15 16. The fluid pressure reduction device of claim 14, in which the restriction

comprises a first ridge extending from a first wall of the flow path.

17. The fluid pressure reduction device of claim 16, in which the restriction
further comprises a second ridge extending from a second and opposite wall of the flow
20 path. '

18. The fluid pressure reduction device of claim 17, in which the first ridge

extends farther into the flow path than the second ridge.

25 19. The fluid pressure reduction device of claim 17, in which the first and second

ridges are offset so that the first ridge is positioned upstream of the second ridge.
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F10%& () - comprises multiple restrictions in the intermediate section and an associated recovery
zone positioned immediately downstream of each restriction, wherein each restriction
directs flow substantially toward a center of the associated recovery zone and each

5 restriction and recovery zone pair effects a pressure drop stage.

- 21. The fluid pressure reduction device of claim 14, in which the flow path

~ intermediate section is curved to form a spiral.
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10 23. The fluid pressure reduction device of claim 22, in which each flow path

intermediate section has a generally spiral shape.

24. The fluid pressure reduction device of claim 22, in Which each flow path

intermediate section includes a pressure reducing structure and a recovery zone

15 positioned immediately downstream of the préssuré reducing structure.

25. The fluid pressure reduction device of claim 24, in which the pressure

reducing structure comprises a pair of abrupt direction changes in the flow path.

20 26. The fluid pressure reduction device of claim 24, in which the pressﬁre

reducing structure comprises a restriction.

27. The fluid pressure reduction device of claim 26, in which the restriction

comprises a first ridge extending from a first wall of the flow path,

25
28. The fluid pressure reduction device of claim 27, in which the restriction
further comprises a second ridge extending from a second and opposite wall of the flow
path.
30 29. The fluid pressure reduction device of claim 28, in which the first ridge

extends farther into the flow path than the second ridge.
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structure, wherein each pressure reducing structure and recovery zone pair effects a

pressure drop stage.
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5 and the perimeter, the first flow path including an inlet section, an outlet section, and an
intermediate section extending between the inlet and outlet sections, the second flow path ‘

having an inlet section, an outlet section, and an intermediate section extending between

the inlet and outlet sections; _
| wherein the second flow path intermediate section and first flow path intermediate
10 - section cross at an intersection; and
wherein each of the first and second flow path intermediate sections including a

recovery zone downstream of the intersection.

33. The fluid pressuré reduction device of claim 32, in which the first and second
15 flow paths are directed toward the intersection at substantially the same plane, so that
fluid flowing through the first and second flow paths undergoes an abrupt direction

change at the intersection.

34. The fluid pressure reduction device of claim 32, in which the first flow path

20 includes a first ramp upstream of the intersection directed to a first plane and the second
. flow path includes a second raliip upstream of the intersection directed to a second plane,

so that fluid flowing 'through the first and s_econd flow paths creates ‘shear forces at the

intersection.

25 35. The fluid pressure reduction device of claim 32, in which the first flow path
inlet section and the second flow path inlet section are integrally provided as a common

inlet section.
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;1" 10%0& () - 36. The fluid pressure reduction device of claim 35, in which the common inlet

section is aligned along a radial disk reference line extending from the axis to the
“common inlet section so that substantially equé,l volumes of fluid enter the first and

second flow paths.
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- hollow center ahgned along a longitudinal axis;
each disk having at least one flow path extending between the hollow center and
5 the perimeter, the flow path including an inlet section, an outlet section, and an
intermediate section cxtendmg between the inlet and outlet sectlons,
wherein each flow path extends across the entire thmkness of the disk to provide
a through-cut flow path, each through-cut flow path dividing the disk into at least first
and second blank portions. ' |
10 '
38. The fluid pressure reduction device of claim 37, in which each disk further

includes a first bridge portion extending between the first and second blank portions.

39. The fluid pressure reduction device of claim 38, in which the first bridge

15 portion comprises an inner ring portion extending about the interior portion of the disk.

40. The fluid pressure reduction device of claim 38, in which the first bridge

portion comprises an outer ring portion extending about the perimeter of the disk.

20 | 41. The fluid pressure reduction device of claim 38, in which the first bridge
~ portion comprises a tab extending between the first.and second blank portions. |

42. The fluid pressure reduction device of claim 38, in which each disk further
includes a second bridge portion. |
25 | |
43. The fluid pressure reduction device of claim 41, in which the first bridge
portion comprises an inner ring portion extending about the hollow center of the disk, and
the second disk portion comprises an outer ring portion extending about the perimeter of
the disk.
30
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S 45, The fluid pressure reduction device of claim 37, in which opposmg walls of

each through-cut flow path intermediate section gradually d1verge from one another as

the flow path intermediate section advances from the inlet section to the outlet section.

- 46. The fluid pressure reduction device of claim 37, in which each through-cut

10 flow path intermediate section is curved to form a spiral.

47. Thé fluid pressure reduction device of claim 37, in which each flow path
intermediate section includes a pressure reducing structuie and a recovery zome

positioned immediately downstream of the pressure reducing structure.
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stacking the disks along an aJns,

securing the stacked disks together to form a stacked disk assembly;

10 - removing the first bridge portion of each disk in the stacked disk assembly.

49. The method of claim 48, in which the first bridge portion comprises an inner

rihg portion extending about the interior portion of the disk.

15 50. The method of claim 48, in which the first bridge portion comprises an outer

ring portion extending about the perimeter of the disk.

51. The method of claim 48, in which the first bridge portion comprises a tab
extending between the first and second blank portions.

20
52. The method of claim 48, in which the disk further includes a second bndge '
portion, and in which the method further comprises the step of removing the second
bridge portion of each disk in the stacked disk assembly.
25 53. The method of claim 52, in which the first bridge portion comprises an inner

ring portion extending about the interior portion of the disk, and the second disk portion

comprises an outer ring portion exfending about the perimeter of the disk.

54. The method of claim 52, in which the first and .second bridge portlons

30 comprise first and second tabs extending between adjacent blank portlons



