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ROTATI NGCHECK VALVEFOR COVPRESSI ON EQUI PMENT STATEMENT
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
wolatocApmIe cabl e.  BACKGROUND The present i nvent POT/US2005/030019
rel ates generally to nmethods and apparatus for
controlling the flow of gases through conpression
eqURDEATINGCHEGK VMALVETQR CGOMERESSION EQERMENT
relates to nethods and apparatus for check val ves for
conpression equi pnment. Still nore particularly, the

present JyNPRLIFNTT REGHIESING FEMERA VBY \SFONEORED
rotating cl osureRggm OﬁeﬁEpﬁg@ﬂiM]@lchonpressors

enpl oy a cyclic process tor conpressing fluids that

i IN@|Amsicitle suction of |ow pressure fluid into the
conpressor, conpressing ,t id, and allow ng the

di scharge of pressuri zgé*@f?é?@%m t he conpressor.
Vaﬂ'h\éeﬁrfse?ﬁ ARl rdt ROV BerRealls B Chethadsy iR a%fa@a_mh’ssﬁﬂ dofitrolling the

contro e suction and disCharge of fluids into and
flow ofigases thtdugh compressisn equijvneyt. dorstpartigubwlyt the preseef invention relates

i scharge val ves for the positive .displ.ace . .
to mliE AR GBI BT G DGR G e gl AP RADEERY | Silumas pariculaly,
the pra§ékt fverdith BRRE LRk YhlvedWith Yathtifg diSsusda@bmbéel the
valve plate lifts up fromthe seat by the gas faqrces

arReciphiecaipg corgpressoseemplap a gxtligredess ©r compreseng fluids that involves

v BT i BB RN b gt U B Byl S o

dischhiat o8 pieBgiriaed Flaid frorithieSconii@edsod, eValies, benerallyvienown as check valves,
conponents to a short duratign, ithgopi cally less than a

are uspd ¢ contesl therspetiany andidissharge of Brdaine G SF B comprRsEor
r . . . .
L Sul 4 B8 AL SAARCR e BN Bl compression

equipheat eeiREdl plaes tsprings and dets. t Thesoperntidn bfithisrexdvais shilf that the valve
of conventional check val ves,  desj &er S

ften seek to .
plate hfth ppritom the seat by egps ercesand by ros e Yalvp gl (papseat itself.
R ; . _ c : i
i U B8 Ry S AL, g S e i
This fatiguingfacfidrulinhéts {iRelifeudahe havacanpenenis|talal shorft alurdtioonypisally less

alimting factor j.n the capacity of the pu . .
than § yeic Ak LG 1 WSigh it CFHaEee Valyon seauR SFgpHt pipggnance, which
amouiHl tb By hi MAd A48 ue tYPrdduRt Bsy/ad\BapBRint BplacembAf ®8se t he

initial capital cost of the equi pnent but al so

i Moroedes do ekiend thet usoful ik of eomaerionalitheck snlvess designpseeifien seek to

. .to design conyventional, valves are nuier . o
minityge HEARhE NS kBt viley oo o HTRHEH T itine, e yatve liting
heigh®XPBhitEE RFAEh SI8d Eniif} tBehes avAiabl foi fiel oy betlgids. Brdause the area

openi ng pressures. Once a conventional check val ve

availahje foz flowsis @dimniting Ectardn Mheicrpacity 9 theuim, recipe this giga often leads
o e PR P BSHE YEGP IR BB RIS il pc ot o

the equiipraét dut slsoersaseethe codoof nathyonandec properties and
operatignal procedures may negatively affect the .
peFheovpahies gsed e desigsr cayeBHoRR LY4ltRsn AreamcERyy gl designers

histoﬁé/a(flg rglgrq{etasi'iy on empirical and experimental data in determining lifting height and
opening pressures. Once a conventional check valve system is designed and built, the
operation of those valves is limited to the operating parameters originally selected. Therefore,
any change the fluid physical properties, thermodynamic properties and operational procedures
may negatively affect the performance of the compression equipment and lead to even shorter

life for the check valves.
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life for the check val ves. Thus, there remains a need
to devel op nethods and apparatus for controlling flow
woOhowwgisogzonpr essi on equi pnment that overconme s8aE/US2005/030019

the foregoing difficulties while providing nore

advant ageous overall results. SUWARY OF THE PREFERRED

ENRBGE) e TSmEhes @ mbat tardesedopomethods pnd spparatusvion cpatpolling flow

are directed toward t hods and apparat us for. . . .
througly fOPPEFSSIRG ?%épm?%vﬁ;?‘h PEAENS, S{?H?Fpi’@}?o orggqine Jiffigulfies while

i L ¥d bed R\rall feQlIt i Ng body having an outer
prowg%l??ggc}e. %%ngot ati rr19 beody is disposed within a valve

cavity i nStM%@HE.PREEB}R@grﬁMBQW@‘éﬁ$

tes to lint the f £ fluid ‘
A THCA S TR -
for cGRAINY el fovitEBRSEE doRipedigdt WhE ar vilvd basgmbBdyomphising a rotating

drive assenbly rotates the rotating body such that the
body dyswingLancoite sirficet eHtd ptatingcheslyfis figposes Bithisa Valye cavity in the

non-cont acting.. ' ' t
comP3RE LA HARE Bt P ] PRIt P e
of thedroGHIAR eGP Ald thb aalwe tavity. Anipdriarizdispeset iloougi thh ratating body. A
_ valve cavity, which is in fluid conunication wth .
drivofasably. apiaias the Riajae RO Gugh Hhat AR FISSREP FTRGPRL; ows fhuid to
Ve cayi ' : imts the flow of
bypa%éﬁiﬁ? Igpnbgot\ﬁ\lg\%éﬁg s&zflﬁ] gﬂ\yg?@éﬁ%ﬁﬂ 3}§§ﬁ%§eds'ai d val ve body. _
Arin aqeetainUgnebddémelits posaapredson eggbmblyi chmyaisee abmeypressor chamber in
..drive assenbly rofates said.valve hody such .that.said .
fuid GmPRBIC B aViTh e SAE RO WSt ) 1 CCBTRMITTAAGN O o conduit

A vaBRIdS WRIESRA withiRTNE vaRRLasRy.d AV b Eorft@ink Keall InSOTR flow of
enbodi ments, the valve body conprises a cylindrical

fluid dletden saidi vejveacaitysand seivtvalnel bady. openanentaird is dispased through said

co nigation wth i d conpressor ch er.. . Th . .
v SRR R R0 o R RS L P Rl B ity
in fluYBdorEmRaeMion WAt QEd @&nfpres¥boshafimet snd sattevalid saeitassenbl y
conprises a magnet nounted to the closed end of the

] h
cylhisnuheieowiodistrals, therlve bedy epmpiuses agiiindiqg! shellihaging a closed end

cConpr essar.. power su | S, € trj t
ot G574 FoBBRlS R hBF SEBRALY GRRIEE! othe aorr
penet@8Y the dyliirichiesheR b kai€ Qhlve bodss EintdRftainEpib@tinhents, theadrive assembly
The non-contacting seal is disposed axiall j acent

a .

comyisesed magiet siavatedfio dhg dossdend of deyindinnh pelfeandip motor coil affixed

| abyrinth seali ' r £868 8 h that
o ok B, SRR AR oIS 868 8 st vt
electfidd® cividdriv @pplditd Yhe thotorevil euse twhexgnatentretatet hEheminseontacting seal

body conprises a disk wth a shaft extending.fro : .
is disgg;;%h a)qieggreadé'qcegbtodeigqeg Evil_de oS sg%quegprg f’é’n‘g’c@@f{S@% arPabayrllmth sealing
surfaB bt e ot iHO Ui fhafll Rfa inylﬁ)dgrd.nﬁea BabbRMal drface disposed on the

conprises a magnet nounte o the shaft and a notor
valveomawvity.af fi xed to the conpressor. The noncontacting seal

55 Sl B el T i
axialéﬁrl’vr.rbeg %Ts%ldddls?lp 038 GhpBiurk PRnitAkdserxPAN thibughkail QiikCUB drive assembly

ments, a nethod for operating a valve
commised a olaghetgnduntdddo theoshatttand @ghotor coil affixed to the compressor. The non-

contacting seal comprises a labyrinth sealing surface on an outer cylindrical surface of the disk

and a babbitted surface disposed on the valve cavity.
In selected embodiments, a method for operating a valve controlling fluid flow through
a compressor comprises disposing a valve body within a valve cavity, wherein the valve body

comprises one or more apertures therethrough. The flow of fluid between the valve body and
2
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a conpressor conprises disposing a valve body within a
val ve cavity, wherein the val ve body conprises one or
wounows/amet ures t heret hrough. The flow of fl ui #CheS2®EN30019
the val ve body andthe valve cavity is limted by a
non-contacting seal. The valve body is rotated so as
the vdl@e icaigr ¥ Linited by @hbowofitheting $eal. bylfhesealvehbody is rotated so as to

t act
mtempqct;%lt v Sgn gfcﬂ}gago ﬁg%s%@g[@%%g%g@o%gbﬁmu% tﬁ?] o ee grt rlljlror% apertures.
The vENVE Bbliy ﬁﬁbr ve nga br?ﬁ %pﬁrﬂ%ﬁx%le&ﬁbél Afkh?®h Btk R6il affixed to the
conpr esso erei magnet affixed to the val ve body
complre@doa,t wherkin a seposéitad toltbe el thoily aptatesin eesporgspPithel clectrical
tor coil.. Thus, the present invention

Cme‘l?é?@lﬁﬁé% eqnetgh®fithat i on of features and advant ages
t H@ihs, 0@ BteBerdtlinddhtiod %Bﬁ@ﬁBeSVeﬂédlﬁMﬁaﬁHrpM RARr&f andr ddvantages that
devi cdes. " The various c haracteristics described, above,

enablagt wel dves®nist N@nOﬁSeaIQbﬂ@@ ofii firjor pdevieeadi lrile a‘{%’éﬁué rﬁhafaéteﬂsms

skille n.th u
secrl P o Bl BT R e P oA i e o
upon t@ﬁhﬁ@vtﬁatﬂ)gsm@n defailed efestriptivg bD thdh@refenedpantyodigents of the
dr awi ng BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore

mventlﬁn,amﬁ mr@fémtgﬂhwcempww@%?%d enbodi ment of

t he present made to

t he accorrpan% ng ragwgfﬁm%gﬁgb@gurﬁ is a

CIFas & niie etalled descaptiat ofithe @mfmrﬂbahbm’cgmepbsﬁ the peesent invention,

di spl acenment conpressor utili pri art check
referepgg Wéllsno‘Flb@ gage 3o the aﬁ"???%@%%ﬂg%é’l W]éqr%‘\‘}at i on vi ew
0 K I ngft rau CHEGFNC
g Bl MOREs SRR WIGEON o SepoeAECRYMRRS Qlisplacement
compfﬁsms&memglpumahrtphmk\mﬂw of the check val ve assenbl y

OGS B ol kBB ERSTCIRl 18I ot

accor@&ﬁ@ﬁqﬁf%d@l&&tﬁﬁpﬁ’ﬁ'lﬁ%h% of the invention; Figures
A and 5B are views the rotating body of the check
v a‘\'*llgmre asse piokssrsestiomilglaneviaw of ‘tlgiurh@d@ﬂalaﬁ @ISSGIBbbf st Rigega;
of .t he st ati onar t he ch
F|F@%}’rr‘é 4s a'f/F%slﬁ rsg wqagglgvag]r Jdey é’ 8%8% ¥:ﬁ}/§§§’as co%structed in

accor@inc@vﬁﬂﬁ&ffbddﬂh&ﬁs s ERMNnti6RNSt I UCt ed in accor dance
wi th enmbodi mrents of the invention; and Fi Eure 8is

c rF@ggesséAtan@ AB arp Vigwsihe vetaing badycafdak chies Vélvﬁﬁifmly of Figure
of Figure 7. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Referring now to Figure 1, a reciprocating

€ $R0inA6Beib viewisOof thelstutienary twaypofeths ichecke hawd assembly of
12 having suction inlet 14 and di scharge outlet 16.
Figurpitst on 18 noves into and out of conpressi on chamber

1 gt 1§ ARl MGl ERvaoAPASE W dhBEVAIDE GdsedblyP@fhstructed in

accordance with embodiments of the invention; and

4;

Figure 8 is a cross-sectional plan view of the check valve assembly of Figure 7.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to Figure 1, a reciprocating compressor assembly 10 includes a
compression chamber 12 having suction inlet 14 and discharge outlet 16. Piston 18 moves
into and out of compression chamber 12. Suction valve 20 is disposed within inlet 14 and
controls the flow from fluid supply 28 into compression chamber 12. Discharge valve 22 is
disposed within outlet 16 and controls the flow from combression chamber 12 into fluid

outlet 30. As piston 18 moves out of compression chamber 12, the pressure within the
3
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controls the flowfromfluid supply 28 into
conpression chanber 12. Discharge valve 22 is disposed
woizbdsioa1oet | et 16 and controls the flow from PCT/US2005/030019
conpressi on chanber 12 into fluid outlet 30. As piston
18 noves out of conpression chanber 12, the pressure
chambiéridetreadeh and ardtien vaber20ds eperad dllewing fbaw 34 kwent@othe shamber. As
. opened al]lowing flow 24.to enter e, chanber . .
pistorp 151 B V<65 PRy 00 LESGIPTFSics ESUIE s e dHamisy v (hg, chamber
increagéﬁeﬁﬁltﬁigch‘ﬁfgtemaﬁletﬂeis %Péﬁeaednoweg HragfsizaNHowits GBakgeled from the
val ve 22 1s opened allow ng pressurized flow to be
chamieecpel | ed fromthe chanber. Referring now to Figures 2

and .3 .a rotatipng valye senbl.y 20Q |

et oot ERE e Fedd T v FuBBI Y fpom. Valve
assenfb®PO0 REAsthPEEwIthE dRHesdO22@INghdEdnvtisey sétaingBEdy 202 and drive

Rot ati ng body 202 is a cylindrical body form

fl _

systern 2ftb Rotatdwg. body7ddvis 2 zodngnies) bady fqrmmgoﬂ@mchﬁglge@%@%v sWindows
to. bet fl 4

208 B0 15y SRR A 8 BR0Y R B0 208 hcEprsr g

passag@bYM.ntmolﬁeﬁithdl_ﬂlgSWafsaQEO,Zd&nmgod?dbly'rihﬂledeaskimgf acface 212 and
214, on either side of windows 208 restri tlﬂté)he f.l ow b
babbitjed gufecs Dk vaBlepitheniside ply WAV A restct 6&% Y5 8F 83¢5f, between
g C 6 O RtRY B6& 8eal 216 al ides a
rotatnlcr$ \r/Mc(:)‘f}gfnieor%et%]i“ifl g{o"@é%?@ljbgtg \%}ee%bﬁo% at i&ng body a202 arﬁlo?o provt
circu fegtas sl bafechabiating bedn262 200 camgrassardisber@gen seals 210 and

. .Thus, rotating.body 202 |s seal ed on all side
windors e Tha TOREANIOAR SR LML DU AT Qhde s, can only
MeTol g202 is rotatably connected to conpressor
flow via shaft 218. Rotation is enabled by drive )
afeathigyba@ig@02ris retdiahly dmacdtedytommprasson 20t yid shpfif218. Rotation

o oS3 B 5P 5 eSSBS 72 0L Bt 2947 226, and
electridaX Rdd 2280 ORPLESSHEdy2ELD i@@ﬁpc}fomaib%e%@g pEMmanptorMagnet is fixed
226 is fixed to rotating bo

: ] @i‘? 202 and causes the bo(g%,

to comprasedral® el reswpongetionara  Magneh22Gpplixetto iag body 202 and
s BN O SBBROere By SR rBR Al acs 225 i
curreAGh HRI Rfhsked BvabetheIPeédkeypiamebody P02t whidBas mopjioretisy probe

rotati ng body 202 and drive asserrblotyZ 220 and is .
230 (kspipleaserdd Plate 8ApreReisy rotating bady A0 sansa drive/asyeantly 220 and is

229 G ' r Qe ¥ 258"and provid
o BT T8, S ARSRHRN BTt povies
passag@vdynRl elebtriu $6ade28 amiprobe 2300 certai n embodi ment s

could be an antifriction ro|ler type bearin singl e

orBeauns 222 avai b5 2 deyrad %&@k{)wﬁs k%%qfqa%@ﬁwﬁ&ema Folld be an

ifri &t . | ng; bR ARiEHA Rt badk8all bearing, or a
antlﬁ{z}%lgl\tl/g%%gﬁeﬁ%%%ﬁ%’ngg?lgwa% enmbodi nment g , dri %/e o 'g
hydrogiysenio/bgadftf) andlyr @ combinstioreof theehayeibearingst dr alirnate p@bodiments,
e T i L SRS P e o e
high §Rb@kBfor WHHEAWENAPBhaBA& ab Mo ttently in fluid
gh ct%m’runlﬁ)gati on wth gaagﬁpassages 206. Wien wi ndow 208 o

i SAd ratethgupdyi 208 rgtatespwintages 2086ire fiermitigntlyasdfluid communication
with gas passages 206. When window 208 is lined up with gas passage 206, gas can pass
through window 208 either into or out of flow chamber 204. If being used as a suction valve,
gas passes from gas passages 206 into flow chamber 204 as body 202 rotates. If being used as
a discharge valve, gas passes from flow chamber 204 into gas passages 206 as body 202

rotates. When windows 208 are not in fluid communication with gas passages 206, compressor
4
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t hrough wi ndow 208 either into or out of flow chanber
204. |f being used as a suction valve, gas passes from
waqgasoepas®ages 206 into flow chanber 204 as bodpCR@R2005/030019
rotates. If being used as a di scharge val ve, gas
passes from fl ow chanber 204 into gas passages 206 as
201 isteditiyr iRGRe cahpresson Enonintaionesi?@s Bnespsed of rptation of the rotatmg

s TR S5 B A AR 0F0E e, TSR A b i e
commiRafReRfh %fds ?%?g 206 Qf tRdenitionng cleosbeds Wdleamgeeor pull in

synchroni zed pi ston stroke such that w ndows
gas. 208 are in flui d conmuni cation with gas passages 206

th
504 DS BESFRL O U, B BARE b AR BEAIDES cn

utilized 36 o‘iﬂz&ttﬁ@hh@ﬁ%ﬂﬂ ofithe [aBona@ ﬂv@c&)wlt)vhﬂﬂﬂzeﬁbdnmg of the rotating
bod Vé/nc roni ze the alignnent of the stationary w
ody.

yishronizatipie pambe ashiaved by BRQNItOHBE BisdyistomsiaRsy WHF“%&F dgpetly and
phys1c|a§y (fgﬁne%ﬁa' tg\{ﬁg &ﬁ 1%95%& Pu?aﬁﬁ REvdeAP Hl%hﬁ&ma bERK& nedbiits tﬂop dead

I'Tec and S|ca connecte e conpressor
center{Tiie %tdﬂlbha@rand @&aﬁﬂ@wnio&tsomllrmm thepaselvies.s To q;)psmiedgt verify this

signreq GHESE W g0 249 CRepedagied Vg CyRREF 55 1 6 phvg AEper. When
the plrégsglges cﬁﬁsﬁiesffl@ &{ h Cﬂ&ag%ksbﬁe \}@Gﬁﬁﬁdhﬂnﬂ de0GoCHlel VPAIRE chamber, the

en the pressure inside
contrdlleemaf apdedrupr @astdve Sowh ¢hquotatiog rvelvleubndy 282 viaf dstver Rgsembly 220 so
valvg chanber, the controller may speed up or slow
that thgJRdeHRRePat i ng val ve body 202 via driver assenbly

238 3Pet $¥akinkib®s Vo daWshé Mt@tui%spe@@ f Podg 20D, MichdiaSany timing
208 and the rotating speed of 202, |nclud|ng any

delays, ican hg seledted based am t epmnemolk@l and{ee athehcampressiast eysles. Rotating

ke and/or ot her commr on I t
body Job RS RRE 0B of 0% ABRBSIP LS GoS R, P SAaRPRE shape of
wmdcfvsLS%S B b8 isélectad Hadel %nsth@ Qﬁarﬁﬁy,wpeabmﬁ tAeBnoByiaie properties of
sel ect ed based on the uantuﬁ% peed and
eV

the gash@resoergntenipsrabirepaplacelsr Hei f‘é%?ét}’( ?S?)esgﬁ'fr gxample, window 208

oo RS i RS Ayt PGB P Eonat s

The Iﬁﬁtéﬁﬁt(ﬁ’f cotstrédisndofatheovade: Bodyecowld dul ary gipeaofymetal or composite
onal shape. The material of construction of the

l'y
materw;w Clbéwuﬁ%hl? for e DIASESE HA1SBEE- et al  or conposi t e
e el r egﬁtléngiﬁég \)$30108t1§ %‘nﬁﬁ&?@fﬁw%ﬁn ment of seals

usage ow t hrough w ndows
210, 2&68wa&!dl HBWédn&o’atmghWandfcompﬁdssorZDQ SQaIlﬁZl(bmtneu-contactmg

s B ok st 3P B TR 5 3P bt B iBraces do
actual![;ﬁ!:&ﬂtéc@n§Qél@21§nﬁ?'b@tl@dvl&6ﬁta&%¥&%€a1§ VWhefeUhérdGE Sorflabt between the
e surfaces do not actually contact. Seals 216 nmay be

two studaves bnt the tcoftactclorceds veryviner elliehese @fann@Qﬂﬁ@cﬂtndH@WvV@@FﬁCt force
wo surfac but the,conta f or,ce
sals YGids Sy O B gt a0 150 Ry By RicyPlfeated drag on

rotahﬂg"l%ﬂy%za system t hat provides very |ong seal life and
very'little friction-created drag on rotating body
2@me tgpreoft s;plethaifm@elaﬁ usefl 4% a perpbipatiopsedongengional type labyrinth seals

210 w1t%rg)rusri1 ty'pg Qea?s 2150 Va %nt%r%%lals bY® %mlnﬁl%/er 4 &Iﬁbnﬁﬁ? lsfhooth soft surface
(babbitted design) 214 and labyrinth teeth 212 integral with the rotating body 202. This
arrangement can also be reversed such that the stationary part would consist of the labyrinth
teeth design and the rotating part being the soft and smooth babbitted surface. Brush type seal

216 may be used to ensure gas flows only through the windows 208.
5
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210 with brush type seals 216. Labyrinth seals 210

conprise a stationary, snooth soft surface (babbitted
wdesiopa)3v214 and | abyrinth teeth 212 integral wRCTS2I6/030019

rotating body 202. This arrangenent can al so be

reversed such that the stationary part woul d consi st

ofAdditenhty yothenttypes of sdaldwsh gn meakhnidabseabs, dry gay seals eil seal, brush

e S5 300 S TR B8 L L e s
could RN AR {1 Scatiand@ eiGire Bt Mddiak ifRRA thioughtWigdowy PeS Aiso the size,

seal s such as nmechani cal seals, dry gas seal, oil .
quantieaf gastftays Andecuifigustion pEthessliwil] bssalectetbaseyl onghe thseapdynamic

d..ot her type .of seal.s.,are.al so0 i :
and g3t ondhe, ¢4 £os BETELAR G BRVUAER Rufeffllef shltcotion and
desigd b9MEal I e ¥plidaihs 288 scal say bBtocaiedan the dnidetof rofating body
gas flow and configuration of the seal will be

202 andseabrgainshaseindsndisprsed Hsidedpbrsyi ¢ and vel ocity of
t ing.t ) ' - I
R A B G5 L DY By s g, Vil
assen®®y 460 R iARllddosithin Rempidicori0aland owyphises vabatasskndrly 402 and drive
i nside_of rotatjng body 202 and, seal, a

systera\420hd ¥alvi assemRly $07s pereptee S%@ywdéquf?%‘@t@nﬁf Sfatige body 402,

(LY SAEYS SRIRHEIRCAPINT SSSRIER AN b oty por 1,
when afigneh ppovides fload path &5 gesds|ty 1402 tetweedrdhambey 41 mUges passages

Val ve assenbly 402 conpri.ses . stati.onary body 409 .and .
406. | JoREPREC T DA TOWRTER AT COLT Sralihe SHcs d2 A babbitted

surfad®04 12 nb@EVeid QthferBXcAdf PsHdAOBIdsy ANBredRdtSinat flON@TYgases between

ports 411, when aligned, provide a flow path for gases
rotating body 40 endemnpresraniet. 1ow conthctfgcpessd 4l pravides a seal between

rotati@%ﬁé@é%&ﬁ%@ 20%3%3%9{1‘3{1 g%ggg&;k@ﬁfjﬁ% oac{% 1(1221% Igeﬁgcﬂ)ﬁ 8 sides to
ensur€ HaETe8E ncshIPTloRakbtsh patuogddirestricts the flow of
gases between rotatlng,body 402 and conpressor 401,

L Retasing basky 408ris aotetshly epneeqiedia eruprgssep 4P yea hadift18. Rotation
. t ating. bod d i onar Thys,
s o b MESE 20 uh o MO PGP ol 8, s 26, nd

electridableali\ 428 aRotafifls Body402 i vupduited Gy bearihs 420 8Motdrkoil 424 is fixed
Rotatin bod(i/ 402 is rotatably connectgdvito conpre
15

Ssor
to comppuessareAWnard reamns statienanon Magnehdet suttrsd i rejaiing body 402 and
P e . . .

L

curredtQ2nite Sjyspar toedrpthebpacd olgrotRing tuldy d02 cwhich4@hongored by probe
fixed to conmpressor 40 nd r Lns statjo . .Magnet

430. Blage i4§2fsu£_egrtp% BOt?tB%gaP?ﬁ{)g 38%&;1;134 Veaﬁ?fe’@_gbs 42 %/aﬁé_ fpipnected 10

comp%e%erQL a bolts' BRPORIG: Efp B6TVERMat@ ) hiklproPide®h pastdgeway for

rough leads 428. This current can be adjusted to
electricdeadst438 angpprdedBOr ot ati ng body 402, which is

i t.or b obe 430..Plate 432 supports rptatin
palRgtBB I T2 RGP § doutaa e bsbEnt &a Bfo fipel couid be an
antifrfcBOR w6153 WpHBdarib 2a BRbleSordfible VahifigctioabadBo-Bakebal bearing, or a
plate 432" 'and provi des a passageway for electric |eads

hydrodg@arsiadepring, end/g02 c@ebinpting afthe hoyebearingso dn Aligmat egbpdiments,
. beari In certain.e di ts .
crivo ety 46§ B rograbe o] SRR PR by Sy B g grtive to e
high $petd fbotdz tWidipepdaient Arapdét s Liwin. bearing, or a
As rotating body 402 rotates, ports 408 and 411 are intermittently aligned to provide

fluid communication between chamber 413 and gas passages 406. If being used as a suction

valve, gas passes from gas passages 406 into chamber 413 and if being used as a discharge
6
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hydr odynam c bearing, and/or a conbination of the
above bearings. In alternate enbodi nents, drive
wagemmdizg2420 nay conprise an induction notor BCTASENG5/030019
notor as an alternative to the high speed notor with
per manent magnet as shown. As rotating body 402
valve, @isdlags®s fioad tisandidB 4aMdhtd gad passages A06r Whdrepartsy4(8l dngrdd are not
. to provide fluid ca ni cati on between chanmber ,413.and .
aligneggeomnpressap dQl Wsher %m&r‘zﬁé@a exgle gF diekE YRSy ﬁ\? é’}S?"n stroke is
f S b i W2 can be
ceter R A e e kOl e T Bing a2 can
synchedmsaedeto thd Bistont strofa sugbathatagpets 4G and\Wé rarg ek gned 49 8he pempression
411 are not aligned, conpressor 401 is either in the
°Y°1386‘?516F%§’§? SCYHYE B nt ake cycle. The piston stroke
| R & Rr MHdNShnkERBAL dTeh etk 2B AT 18- anlihBe OREES Gfeed of body 402,
rotation of the rotating body 402 can be synchroni zed
including tdng pinstdelys,okan dacselactadt bpssdt en 4b8 pisten 4strpkgr and/or other

al i.gned .as the co ssi.on cycl t |
compfioh £56185. THE RS IR ERSHAR B B ST PRy e S0B1FRL0 on
quantft 1spRBd ahél @hérlodihdsic SRESEHAS ofbtdygad (Preséure,| tetipe@naaymolecular
ti'm ng del ays, can be sel| ected based on the pistgn

weightt vedocity )/ dior exanenle.omitQSseoubhbey er@dar hpigo anydigmefer or could
t he sha \ :

o 1 AT BER R 02, TR RE-APLESLEERTE B oty

couldibdeng &pe(af htess WF Compaitp aragdriatsoyhiclphrecuitzhle fueithghprpcess gas usage.
vel ocity et C%_o' For exanpl e, ‘g%rt 408 coul d be a"& 00 is sh
cikefuring medl B Bisugsy’ and e rBetheh Ileing Valye gstrnbly 700 1s shown.

isC | Adtatflg valve bod
Vi SELAUELI hplhs AHOTaLs SR g1 A Al e body
702. Retaingdody 60D asiudes fatvarartT(8 andishaft 718 Flow pdrt @08 provides a flow

he process s, usage. Ref i ng now to FLgur 7 and..
ot b Fopor St e b T e b e B S oidine ens
%ﬁgj}}g O rith | SafiRs | bt i B6i%ed ¢@facendis, th
7o, co rlg sﬁr ot éﬁ?n%&%g%vgg%\g%yh%%Z@gg{aati ng body 702 on e

circuinferénedesf foody HEr testis thadlevhafft gaes. betwesn poptingzdedy 702 and

roviges flo h for es_.t.0 move.het n
compBRSL AR o HRNaBTE A R0 AR TR JRBR S0R TR 702 nc
compPRSH TR nmds,ahmngtbh@ g6 is@alsdbhalleided L andrdmbithé gedcan only
surface 714, on the circunference of body 702 restrict

flow thiamghlpovt 798. gases bet ween rotating body 702 and

c ressor, 701 . Low. eon forc E OV :
LR G SRS o P LAY ot
is enabledShy fHetsahietgpdofiirividRséfblyashiell ishoaln insfighes 3 tas drive assembly
ensure that the gas _can only flow._thr OUQEZ\(S'OOU' 71(9)8
220 apdi/er nrfiguse dyWiiop1s shoparagidaiye iswethe £ d As dolatinp ebis 2 rotates,
por T3 NPl Elfea SRR SR ot SR et o provi
fluid domu@nRataiTbbiyed? Ohamistr /704 and ghé gassaged7hi Hibeirgg wdedvas a suction

as drive assenbly 420, rqQtatin ody. 702 rotates .
valvepps Pasesss QM gAt BRSHRAS @@5&9 @m}% 30%‘191?316@%613&&3‘5 g a discharge

! RBEP G anf 704 i & b dewhbdibgit 708 is not aligned,
valvet%%@%hlg%sgt [ on@fLet mﬁggmélﬁg?%érﬂ%g ¢ Zgg gas pgssage 1%618. . 1.gne
comphdssdrefiOings eitteed irathe aompessiomeyekd men s@a_g ppsi’g'gre sTHer speedyefcrotation of
the rﬁ%&%ﬂ%ﬁg&%@ c|a1r1] tbg S}cl:rllqc%rnc;on?zredzg ﬁie pis Iorll %‘trcl)lze stl)lgh Wt %81% d/O?%s gigned as

the compression cycle needs to discharge or pull in gas.

The size and arrangement of port 708 and the rotating speed of body 702, including any
timing delays, can be selected based on the piston stroke and/or other compression cycles. The

size and the shape of port 708 may be selected based on the gas flow quantity, speed and
7
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val ve, gas passes from chanber 704 into gas passage
706. When port 708 is not aligned, conpressor 701 is
weible@s139m t he conpression cycle or in static PpOSiUS2@®E/030019
The speed of rotation of the rotating body 702 can be
synchroni zed to the piston stroke such that port 708
thermio8yainiig pespeatiestdfehe gap (ressiren tapypetaumemgictler wiesghhayelecity etc).

For e%%@grql,.'g)oi‘tg?(%a ﬁﬂggg&zhégp?%g%%ga%gﬁe%ﬁfd Oferg%oé% )(}glﬂg also be a
rectaﬁgufgrggm%@ygonap@ap@e sel ected based on the piston

roke dand/or other conpression cycles. The size and ,
]E lﬁl“dieshapwlwtf comstructigepfithy valee Bedyetoukdbbhanyddponl mptal gegomposite
L | ow guantity,., speed andther . i .
e B B AL BB L PERREE! hESefodiment s

generdBY Q11 tHe @ilfzkd wWieh (RX3sMbRssiP0ichs H&nG Gutld ab@I"8 or others, is very
citcul ar passage of any dianeter or cquld also b

. . : K e a,
corrosive tn @udinarily rvern Jifhoit gsh expespiyp do byhandigd by conveptional valves.

. constructi f v cau
This FRtEREh Bt SOt Bu SEinf B b climoBRY (608, B valve body
withdubBeiRE Br@BfacO@ih depgave ddmponenaofiee thah thdweals mindi canrte protected
nost generally will be utilized when the conpression
by Cl@ﬂ@@ﬂpﬁfﬁﬁﬁf??\iﬁzwf% g#-S or others, is very corrosive
an . . i . .
S A0 oA LA, SPoRReahIaAR B mo phsic
contaal withvehet stetionanyreosipurents snchidimgte tseal lasseufbding eTlagefore, the wear and

o AT e Ve Do b b GFDLAE W v o
elimi éed.e?fégg)tﬁlﬂlﬁamaﬁ%%o%%%gé@ﬁi M Stthfa66n AG theARaling surface

scri I'n"the above enbodinments, ‘the rotatin .
does anihare o ber papéndécutes tohthsi axdg of gatation. qucnuaeh@tg the flexibility in

St a.t i t 1 ) | 1 . h | . .
arrangRen 00 PSR B OripRip PR of T BEr PR, R0 Oiief Enfigurations
of theBStAREOVAG 8% oRGblediFg eR¥mplel @ S@WRRLdtPAGhays Y& Uisposed at any

_have been elimnated. The rotating valve can also be
desirert anghepsthtive teathy sesling Ardaceon and t he seal i ng surface

do t have to be pe ' t e i . -
%87 B MBSl E e SHESRAL L el il o 8, copaged it

the cERMRANANDS tRNEANY pRREA B@auef nd heating @ngfonewt atdjen outside of the
many ot her configurations of the rotating v

_ al are . r
valvepeaskethne dymasmic seaimrpreaequifed adithe SFMRPrETsiAn i 1?réﬁlykfémtamed within
| i 4 p . .
the pREP RRECccily B U ARG iR P cderth | PacbaRe™ B! Rlacion may
also ﬂ[dv?l g cRys b&fﬁ:rf gaa{]bdnq)aﬁblelwiﬂnpmbeds rpas] tovbt hised foh ghe protection of the
_ confinenment of the valve pocket. Because no rotatin
drivecsyrsahe @Sbﬁeé?f&ltfeéﬁt%ﬁi tagsﬁeni‘ FRIMRRACYE- pocket, no )
dym gpréﬁ?ﬂeﬁ %ﬁﬁodﬁrﬁ&% r GnN thviehBort RS S84 QRoWA SankdSdescribed,
ful'ly contained wthin the pocket, protecting the
modidioations ihexrnef dandm raade tyoorteaskilival indhe o aitithout daparting fsom the scope

or te%cg\ojmg:c% t&gég\?\% 1%11.2 &Bg lgl %v@%%e%ltste %erggglye[ﬁiglieéeig %f’é ?Xﬁgiplal’y only and are
not I?ﬁi@ihgq;yi %, Ghapd ' Endér HifechivRANH|of the & BodypBghihdtftRe stationary
or all" the system conponents. Wile preferred

bodySrMauy weriationsfand whedificatiens o6 thenwgienbarcth apmisatis aigcpossible and are
.,.described dificati th _
Wlth.]gl&?l? seope;of t]ﬁ?lg%lg‘i,tg)%v\; ]?(%gq}lam?ieeg géet ri%ﬁaglv rﬂgﬂnaﬁﬁoggég ggrzous parts, the

materials from which the various parts are made, and other parameters can be varied, so long

as the apparatus retain the advantages discussed herein. Accordingly, the scope of protection
is not limited to the embodiments described herein, but is only limited by the claims that

follow, the scope of which shall include all equivalents of the subject matter of the claims.
8
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or teaching of this invention. The enbodi nents

descri bed herein are exenplary only and are not
woOiznieto3my2 by si ze, shape and/ or directionalityPof/uSkms/030019

rotating body agai nst the stationary body. Many

variations and nodifications of the system and
“&hﬁbﬁi@tﬂﬂﬂﬁDéSpossible and are mﬁthin the scope of the

i nventi on. r exa the rel.ative di nensions of
© var 6’6]§eﬁsﬁf’?@,yf?rhaecn%géé?orcf’mp?i whi ch the vari ous
parts areréml, bodfthadinpen qadrasEhe svhe@in éd vaatinrgdhodyds disposed
| ong. as the apparatus retain the advantages di scussed
her@tlﬂn a,l(é]é(BF%Y“Pfé‘i‘&‘e CPIHBCECbpe of protection is not

limted §godOniRodhgpeiableds saititRetbwel Miidibettvuén the outer surface of
only limted by the clains that follow, the scope of

whi i otesing bedycend the valve ca¥its val ent s of the subj ect
matter Oér}%ﬁﬁm%'tﬂbn%@s%&ahrﬁgﬁd@'d\ﬁD IS: 1. A valve
r

assenbl y a co essor conpri s&g: a rotating body
havi ng am doivie eussemlvit}f apaablefie rrefate dotatingabodyg Whserjn jsaid aperture

0 Bt B RSB P DS o ooy i

f | uiothtdet ween the outer surface of said rotating body

2. ?2? g%qhgﬁyeglg%gmclg\é{ft ian‘&r{ly ert ur ()S%ahr S a%l“f’:(glnP%seF &ca/}lgdncal shell

havifdl A dpB &Hdl A8 aRRANG endther ei n Sa' d aperture

Intermttently allows fluid to bypass said
3. nonThmvﬂl@cqsmgobse%ﬁla@sZ whereinsad v poEyatesthe eylipdgepl shell of said
rotdin cg, val ve assenbly of claiml1l wherein said rotating
% onprises a cylindrical shell having an open end
4. an dThe dlesestmbhdof chimPheheyein sadd divemsisimpliofonepiriaesn 2

wher ol 1 SaLhARELLN 6 RENSLAAPSr hlBmAkladhcal shel

Ve “ass of claim
2 wher ei ﬁ]nﬁ)airdmdﬁﬁﬁ\s(aitasﬁeecrdhipyeswmidl ses: a rragnet

mounted to the cl osed d of th ndrlc shell; a
mot or  cof PORSTPRRLY elFﬁ“‘féﬁléf Cemﬁegg’s%}d Mol é power

5. SUPPhYvALRtembt ngo{)ﬂ HaimPWRGER Baill Bors &drthctBi &4l i€ isposed axially adjacent
The val ve asse of claim?2 wherein said

to %@W%wﬁa@@ﬁwﬂ%al is di sposed axially adjacent to
6. s: ta?ﬁ% Eac‘l Vﬁ %ssgﬁlbﬁfabfj C}Qlﬁ?.'?tv\i'l{e?em Qaid o8- cﬁﬁ‘ﬂaé’tﬁlgas%ﬂem?ﬁﬂ‘ls@d‘ a labyrinth

erein-sai d non-contacting seal npri ses

sealingogurface bn the abisidg ssufack at eridrotating bogu mdopebaebbmée@faw dlsposed on the
1sal d.rotating body and a babbitted surface di sposed on

valy§ @Vl ve cavity. 7. The val ve assenbly of claim 1

7. WheTRé Val&adssbnitdy afl dlaig Ibwhbyrein saiprtating body ebingleisesand
a disk; and
a shaft extending from an axial face of said disk.
8. The valve assembly of claim 7 wherein said aperture penetrates axially through said disk.
0. The valve assembly of claim 7 wherein said drive assembly comprises:
a magnet mounted to the shaft;
a motor coil affixed to the compressor; and
a power supply electrically connected to said motor coil.
10. The valve assembly of claim 7 wherein said non-contacting seal comprises a labyrinth
sealing surface on an outer cylindrical surface of the disk and a babbitted surface disposed on the

valve cavity.
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a shaft extending froman axial face of said disk. 8.

The val ve assenbly of claim7 wherein said aperture
woemstoseves axially through said disk. 9. The varws2005/030019

assenbly of claim7 wherein said drive assenbly

conprises: a magnet nounted to the shaft; a notor coil
11. af fA zambressot senddypmgssmg; and a power supply

el ectrical lﬂ% connﬁctbed, to said notor coil. 10. The

val ve afS@HBISS B ¥ A*m 7 wherein sai d non-contacting

seal conpriwesvigy ih @ayrdonintunioatdr with st deageessor chambart er

cylindrical surface of the disk ant?‘ a babbitted

sur f ace adffuderndut sy conppieation withsaid yalvacaysn, - o5 s or

assenl Ya&mgﬁhi@ﬂise@wﬁmﬂmi@sﬁwca@ng;nber; a val ve
cavity in fluid comuni cation with said conpressor

chanber ;2 renfdotagtingossalaperaple te ligitthe Savnafitid pesSiyeeh sajd valve cavity
saigvah vaverd Ey; a val ve body di sposed within said
val ve cavity; non-contacting seal operable to limt
t he fl ownaperfureiihdough saidealvebidy; sl ve cavity and said

val ve body;. an aperture.ihro | I ; :
drive ass éﬂ’fﬁ ?/S S%'g@?’a ]Eeab{eotor o?1 g gaq‘g g.a%gvb&?% (te% Bg% gﬁ? @g %g ﬁaperture s
t hahtesaittehtBe ftidrcominsinicaticr with daghdomprdssorfcharhliobr and said valve cavity.

comuuni cation with said. c essor..chanper and .said .. ..
12. 2 W CeRpIepT abtREcleign T RRGOR S SaRD Py SR BY e cyodrical shel
havifB 8 cRsEl Gdiafld ¥Rbpea RO AYIEOOMih&Esatidn Withisiid co@ptessdhellamber.
havi ng a cl osed end and an open _end in fluid

13. corfhgmonmicsn awemhlyd claine dAprhersioiidapgiige penejrgtes fgeylindrical shell

assenbly of claim 12 wherein said aperture
Ofs%gﬁglt(]?gf@rs the cylindrical shell of said valve body.

14. 14. ThEemprspr esswbly af sleimb 13/ whdrein Isaiil drivasogvelli comprites|

drive assenbly co i SEes; . t he
cl osed earfEa%lel?lﬂléIR‘%&tPi e F?Sg%?ngs)nqzl{[ﬁ {W}gﬁﬁg&g&ﬁ’coi I
af f i xed 4 mofohévifixudas geicompressog apdwer suppl y

electrically conpected to said potor, coil .. 15.
conpr essHROVEEE ‘?jecg?caﬁfl’ 8‘?@?%%%‘?8? oregtly

15. NONFHQRbREd R AsseABly dfldth IRoAREL R Midhdricontictfeidal {slisposed axially
ei ther side of sai 3’ aperture. 16. The conpressor

adjagerd émeithgr dde fisaid@pariiteher ei n sai d non- contacting seal

COMR.i i at h ' aca: . : .
.57 SR oS 10 FASLECRET 1 B11E 48 s
labytingipsesling surfacsaindhe adtside gudape ¢f saiiivalveibedy: andy eabbisied surface disposed

assembly .of claim 10 wherein said val ve body
on g stud’
17

The compressor assembly of claim 10 wherein said valve body comprises:

The

a disk; and

a shaft extending from an axial face of said disk.
18. The compressor assembly of claim 17 wherein said aperture penetrates axially through said
disk.
19. The compressor assembly of claim 17 wherein said drive assembly comprises:

a magnet mounted to the shaft;
a motor coil affixed to the compressor; and

a power supply electrically connected to said motor coil.

10
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a disk; and a shaft extending froman axial face of

said disk. 18. The conpressor assenbly of claim 17
wohere@m3msIsai d aperture penetrates axially throrgiyus208/030019

di sk. 19. The conpressor assenbly of claim 17 wherein

said drive assenbly conprises: a magnet nounted to the
20. shaht ;comprestoorassepitily aff falaimd1? ovheteén saidproasoiactingngpah comprises a

labwg%tpﬁjc%g QL%}% glla)%élrgérccgélmﬁlscggs%nfﬁ ef?h (?sksa%d 1g§deslurr1face disposed

onﬂseaia?lzera@mycont acting seal conprises a labyrinth seal i ng
surface on an outer c Ilndrl al .syrface of,the di
21. andh Belbanido e Aralve negiiis g e ?P&Pvaew&%?stsv the method

compusing® Method for operating a vaI ve controlling fluid

I 'ow t hr ough a conpressor, the method co risin
di sposi Mifpesings vabvedhady Wilhinr Yelvg couify, Whers t??/"al\?ﬂ%&déélcﬂmp“ses one

th%r}ﬁt%{:?a ulkg,%gsyt}j&gmd fes one or nore apertures

there 'mtifng the flow of fluid between the

val ve bdithjtizgtie flhe qfaluwdebammnttye vidlvehbadlyreof dleeadiet dapigy with a non-

seal ; ; %Pg ?I‘$?tatl ng the valve body so as to

i N8P 813 y allow fluid to bypass the noncontacting

seal threwgly theevavecbaly swne tapeermitently aldw find treiypes the non-
in the valve body is rotated by

of claim 2
apﬁPV?Wgﬁ‘gé‘??}&r@rﬂ?eC%e OF MPFARF™IES 2 not or coi | af fi xed

22. 1 0 TR BRARIERERN] wiBRIEhe vavaBElas roddiéd byesbplying dreelectrical current
val ve body rotates in response to the electrical

to agpgteregeil d; ta dhe epmpesselp bereEL? magnes affixed tothenwadyediody rotates in
respSJlslg g%le%@e{l %{11]5]?1& E@?\}l}éﬁ ke RREY cGi@NPri ses a

rlc she g an open end and a cl osed end,
23. Whéﬂlelrmethddeofmiamolz whereinzthe value bedypeamerrisest @ cylingrical shell having an

oper, ¥r§ z’ﬁ,@ %ﬁ%? i, w erellcn b & 6ne’ g}l r}{?rg (??I 4 ées?;ea t;glfbgthg?ilglgg%% fshell of the

R €SI d RO ¢on
valvabb@}ly adj acent to either side of said aperture and

24, of ! Se@qd?qftqi?%aﬁ ¥ %r%%asl iﬁlol%gsc%rg% g Ogl g[%lfspg%eg ax1a‘ﬁy adjacent to

elthé}' §@@§?Qalﬁ rhpERlﬁeVﬁth&)nﬁﬁMést X la%anE@Iﬂ@tsMﬁeOén tleabutside of the
22 wherein the val ve body conprises a cylindrical disk

cylingricpl sheil @dtaéﬁbblﬁ@d grface dlsmﬁ@r@i the yahee B¥&Y-or nor e
25. ape[ﬂm%qégtﬁ q?_ﬁf‘ Ehind b8 \@ﬁ%‘ éﬂlltﬂe VALOWed, EhRpiF¥s 'ar@fllh&iﬂal disk with an

met hod o claim 25 wherein said
extending slwfit wiedrein gies;ma lor moreppextErss penpleddy wiiaitytthrougl tha gylindrical disk.

26 SRR 5B S L P 0 1 DA s g
surﬂ\tﬁbﬁ&he&ﬁﬁsﬁi&ﬂfyhefo@hncmoahim« exgB0vabbinte surﬁmﬂ@lsposed on the valve cavity.
27. A valve assembly for a compressor comprising:
a rotating body disposed within a valve cavity in the compressor;
a drive assembly operable to rotate said rotating body along an axis of rotation;
a seal operable to limit the flow of fluid between said rotating body and the valve
cavity along a surface that is not perpendicular to the axis of rotation.
28. The valve assembly of claim 27 further comprising:
an aperture through said rotating body, wherein said aperture intermittently allows
fluid flow through said aperture so as to bypass said seal as said rotating body is rotated,

wherein the fluid flowing through said aperture flows in a direction not parallel to the axis

of rotation.
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a rotating body disposed within a valve cavity in the
conpressor; a drive assenbly operable to rotate said
woab@tosmy2body al ong an axis of rotation; a selBCT/US2005/030019
operable to limt the flow of fluid between said
rotating body and the valve cavity along a surface
29. t hathe ivalve @isepdlypehdiiml Sawhéreintshid ratatisg bédy @mairisena c@fhdrical shell
The val ve_assenbl q% claim 27 further conprising: an
haviggan ergp&nd WwéSP rotating body, wherein said
30. 2Pt Wake laeRIbly & &Rkl Y0 ¥hbeitSsald atetludel eviettdidsati@ Bylaaiical shell of
_aperture so as to bypass said seal as said rotating
said ofapingibedy.ot at ed, wherein the fluid flowi ng through
sai I : ' [ : ; 1 ide
B e R b S i 27 SR Bl Rl S adl ek Beithr
of samharedtie. sai d rot ati ng body conprises a cylindrica

shel | _havin n en d e
s2. Gaitve VAL atard of O Pl sl el BatoR thuactly s£81
33. permtralve isichidlyc yt tlatht 2T athesdebdid ofal siailetr canptiseng labyrinth sealing

arf 3 0 5 YRS SRR o3t e v

cavif@di d aperture. 32. The valve assenbly of claim 27
wherein said seal is a non-contacting s%al. 33. The

34. v alThe valye assembly of claim? hvbereipysad drive as55maPl% 64MPHSEs t her
conpri s LA kedth AR eMsb has e terGBnRiRallshEL OUt Si de
surfacegg?ﬁgai fbtating Sody andeagbabb?ﬁted surface
di sposea metort dod affiteddo havdmyressgy andrhe val ve assenbly

f claim27 wherei ' ' Jqpri ses:
rognet MATRELHEP TardeftShhE SR ol O o7 Ca ®

shell; a notor coil affixed to the conpressor; and a
power supply electrically connected to said notor
coil.
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