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[0001] This disclosure relates generally to an expander. In particular,

t hi s di scwouriesesBat es to a revol ving vane expander an#ctsczowlobeoag fl ow
of an expandable working 5 fluid to a. revol vi ngvane expander. DESCRI PTI ON
OF RELATED ART [0002] As known, expanders recover power from an expandabl e
working fluid, such as a refrigerant. Sonme refrigerants, such as carbon

di oxi de, experience a Iaﬁgﬁ, ORe K BATY EghQQNﬂﬂﬁing t he expansi on process,
whi ch can result in undesrré@?e—éﬁrﬁ%tgfﬂg—fnsST‘Expanding such

refri gerBCHNIOALIHIELAN expander can reduce the throttling loss while
recovering _power. Expanders are often used in_conbination with a conpressor

wi t hi n [001df Phigydisglopar relpics aerersliyto gk sxpander. fn Ragtenlar, Ysdisdpsuwae power
recover. ¢ th
ot cdZhieRta R TR I o Bl Snl G nd BbR (FAMRp AT Horg N o

contsactfledtha otvhbringluarieraypargler.at i on. I n sone designs, a rotor and a vane
tip both rub against a stationary cylinder as they nove within the cylinder
at .very high velocities. The rubbi ng causes undesirable frictional |osses.
20 [ O0G%EshvriprIeardersSATED ARe val ves or other structures that control a
fl ow of tThe expandable working fluid to the expander. Sone of these
expanddf802jshs gmven eixgandstareeovenhowér fiore ap ezpindabledvarkingitiuid, suelpas

i ncorporate into.the expander, 25 S Y.:4.0005]. An ex | e _revol ving vane
expanael ST HiouonC g BRALS sk B b Eids el R B o Brcer 1o
establ igbpa HHengparsiaioceshaiveie bart feule it inideiFabithrdttidgriodsor . The rotor

is eccentrically nmounted relative to the cylinder. A vane is_secured to the
cyl i ndefxrspding suelbredigerante Withiean expapde gan jeduge thehiottingqshiuly s ot

establ i | f Cayil i L OF : i's
configd%gggpggp%ﬁﬁngg¥§%¥%%gﬁo#%@éﬁ%%%lggﬁﬁﬁgégy ?H%g#a%ﬁﬁg?ﬁgﬁ?%for
refrigeration system, for example. In such a system, the power recovered by the

expander can be used to help power a motor of the compressor.

15
[0003] Typical expanders include many components that contact each other during
operation. In some designs, a rotor and a vane tip both rub against a stationary cylinder
as they move within the cylinder at very high Velocities. The rubbing causes
undesirable frictional losses. '

20

[0004] Many expanders include valves or other structures that control a flow of the
expandable working fluid to the expander. Some of these éxpanders use solenoid

valves, which are costly and difficult to incorporate into the expander.

25 SUMMARY

‘ [0005] An example revolving vane expander includes a cylinder. A rotor is housed
within the cylinder to establish a working chamber between the cylinder and the rotor.
The rot(v)r is eccentrically mounted relative to the c.}flindef: A vane is secured to the
cylinder or the rotor. The vane is slidably ,reéeivable within a slot established in the

30  other of the cylinder or the rotor. The vane is conﬁgured’to link rotational movement of

the cylinder and the rotor.



[ 0006] Anot her exanpl e revol ving vane expander includes a cylinder
establishing a suction port. Arotor is housed within the cylinder to

est abl i shwe 2owiep9sg chanber between the rotor and the cypCirsdes1o/0da4 sucti on
port is configured to communicate fluid to the working chanber. At |east
one val ve assenbly is noveabl e between a first 5 position and a second
position. The first position permts nmore fluid to flow through the suction

Phe. oyilPbE AR =B RRIRetI ok B8 OGRS L, R ki 272wt

est abl i sibgsh part.t Aeotl heliouséd withinalit cyitieler ar estdbdisl at@iking bRarvivgre i s :
config%red to |ink r%é%tlona nnvenent of the %gllnder and the rator. 10

[0007] sondhe miananddhe sylidernghe siction ppr Atierntishrad ja semmumisets i used -

Wi thin t@tﬁé’hr ﬁa?nb%?t n%éa&h)n% VAR Qeh 1 ARGV caBRIVMRGGntd st OL OF and t he
cylinder & Wor k Ing chanber 1s operative to recelve a conpressed fluid

t hats i sporsrirmnmdcaas’eetdldtpmsttm deelﬁrstgnoeﬂmampenmwmowg:ltulétcsﬂcwnhmugiot}te A vane

is secured to e of t d the 15 rator. The.vane i | i dably-
oot veERORRTRRE S e SH e SHOEA oBBHEY AcTEt ISCETEE R or t he
rotor. Jingdyanehd oté0mhé QM{&Q sk@bly fkeir gb1etiidnah sIPY@iBRhedh thote cyl i nder
and the rotor. The expander al so includes a blocker. Rotating the cylinder

moves tdthersfdhd ewlinder or the ratere Tha vang iscopbmired trlinketosational meventeat bf ocker and
a seco lative to the blocker. The first position permts nore
conpreggg %'(ﬁxgm%&% ?%MIZO t hrough the suction port to the working chanmber
t ham t he second position. [0008] Another exanple revolving vane expander

i ncludes a.cylinder rotatable about an axis. A rotor housed within the

cyl i ndelP08E] Anpthenaampds ey ﬂbﬂ%ﬂ%&ﬁéﬁpq@éﬁweewd?%rqt%ﬁwsemﬂhmraad. al l'y inner

sur f aceg fndéﬂSe t)lsﬁldf&for ﬁ%cﬁ’éﬁl{ﬂ&ﬂ&w%@ﬁ §btdr Snd %héfé‘% flo 25 receive and

expand wor K1 ng UId ne 1s secured to one o e cylirnder or the .
rot or. Whﬁm@cﬂramber il dpeizdtivy to sceive alcbmprastdu fuid thsdt ¢t cmhaﬂJbatschmckhe n the
or. the.rotor. The vane | conf| %gy@rllnk

ot her of | i.nder

ot at i ORGSR TP SEYPT Aer Addeipironst o oo b ooMdui t s
ar r pNgegdr0 THEREAOIs stili@ly PécelvaBlewitih BG1dt lebthblishE & 8 Iomée bytneondui t has
conduit opening. ‘Rotating the rotor noves the conduit 30 opening between a

first podintdeoer thetbter. Jbe yaek issentigued toTlink ﬁoiat@nalpoqumenmf)@c witindaror e of

[0006] ulRerot; e al0iR s afedh el ol Bod G RS, ™

est abl i ftib@part bYGidenn ﬂi@trﬂosm%nrrélh@‘i?e foshéblesks awtafsbdsbnﬁf}esﬁmhl nder to
est abl i sh wor ki ng chanber between the rotor and the cylinder. The suction
port i stekasiveitqythedtodksr. c%ﬁﬁﬁree%lfmpwsweegnmeﬁ@déﬁ» oWt 0 t he worki ng

Phagqf’l d%@fmﬂgsdcﬁo SHrtS’ﬁhthor%{h RhmbBen Herb‘égé dﬁ%’s tofe rotor. The vane

is recel va In a ot esta she e ot her of the ‘
cylinder or the rotor. The vane is configured to link rotational novenent

of the | er_.and the rotor. A vaIv sse .hmpveabl tween a first
pOSi t | o@%%ﬂgaoeskw DEVP befg Vapg &XP fmﬁggﬁi/ P 8}41 F’Fﬂt%téﬁﬁﬂg%“tfapui dto

flowt %899)51 rbidg héﬁgvealvnanm{etcyhﬁdér@eammeb %ﬂ&ﬁ%‘@f?ﬁﬁbé} DR el trSiRERN
position. The valve assenbly i's biased toward e 10second position. A

gui de nerderadidlyadr shidaceitthaeindey i Ty working ddmdgr @lopdiaivarc e
25  receive and expand a working fluid. A vane is secured to one of the cylinder or the
rotor. _The vane is slidably receivable within a slot established in the other of the
cylinder or the rotor. The vane is configured to link rotational movement of the
cylinder and the rotor. A delivery conduit is arranged to control flow of the working
fluid. The delivery conduit has conduit opening. Rotating the rotor moves the conduit
30  opening between a first position and a second position. The first position permits more

" of the working fluid to flow through the conduit than the second position.



fromthe rotational axis of the cylinder. The valve assenbly is slidably
received within the rack to nove the val ve assenbly between the first

posi ti on woadotimwIsacond position as the cylinder rotate®CTEEROON0}04These
and ot her features of the exanple disclosure can be best understood from
the follow.ng specification and drawsngs, the followi ng of which is a brief
description: BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] Figure 1

h t d
oo PR GHRBIRY BSRRAE Pt A RTRLEu R Ve
sect i onsu¢tievpét. Alrﬂ’@ri’s-lﬂmséd Fvutguf«he J:ylnidé@ﬂoBe}stafahghlmﬂang shamisect i on vi ew at

I|ne33of Figure 1. L ure Is a serjies of illustrations
showi ngb&wp@cthe gieg %rgietée 5?11%@%?f ¢ B 9@9@ i§ gpnirgyeedip sopanunicisdvider

assenbl y, %ﬁ[t%g%dgﬂ tg%é‘wgl :Fg éh&.llt?é?e Uspanlé llseélgc?rfed@o Shobs AL cyimek! gure 1

expander a gur-e A I'S a -close-up view 0f anot her
exarspl eorshetotfn ﬁhesean sthd'albﬂg rEweggmbdae Wlthmwashd@stahhmdhh yhe other of }13:017]

Figure 6.s r adi al of _anot her xpander
Fs Dol 1R orghe i ol s Son s ik tsSpaagrenny b Bep i h e a
sect i onapg @Y Qbr. tAQalvk Aiemibhy RRGNEBTe RESRIR f¥rst posmon z{ngcﬁls%]:orﬁ' gure 8 is a
series of illustrations show ng sel ected stg}?I a working cycle for the

Fi gur e Bosétiguariderfirsigositionpermits more fluid ¢ o Olug@ ﬂr@esugtlﬁ)lspw tbse-up view
of an exanpl e ,val ve as use e.l exny nder ssenbl y.
0021] PR ERR SR ERER L PO S i B IR BEET) o
useio  second position. A gu1de member establishes a track having a varied axial distance

from the rotational axis of the cylinder. The valve assembly is slidably received within

the rack to move the valve assembly between the first position and the second position

. as the cylinder rotates.

15  [0010] These and other features of the example disclosure‘can be best understood from

the following specification and drawings, the following of which is a brief description:

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 shows a partially cutaway perspecﬁve view of an example
20 expahder assembly having a vane fixed to a rotor.
[0012] Figure 2 is a partial section view at line 2-2 of Figure 1.
[0013] Figure 3 is a section view at line 3-3 of Figﬁre 1.
[0014] Figure 4 is a series of illustrations showinguselected stages of a working
cycle for the Figure 1 expander assembly.
25 [0015] Figure 5 is a close-up view of a élot of the Figure 1 expander assembly.
{0016] Figure 5A is a close-up view of another example slot for use with the
Figure 1 expander assembly. .
[0017] Figure 6 shows a partial radial s_ectioh view bf another example expander
assembly having a vane fixed to a cylinder. '
30 [0018] Figure 7 is an axial section view of the Figure 6 expander assembly.
[0019] Figure 8 is a series of illustrations showing selected stages of a working

cycle lfOr the Figure 6 expander assembly.



in the Figure 1 expander assenbly. 5[0022] Figure 9B is a close-up view of
yet another exanple valve assenbly for use in the Figure 1 expander
assenbl y.wo0 2011/09p93823] Figure 10 is a series of ill ustraCIrse201®w08040g
positions of the Figure 9 valve at sel'ected stages of a working cycle for
the Figure 1 expander. [0024] Figures11l is a close-up view of an exanple
val ve assenbly for use |n the 10 Figure 6 expander assenbly. [0025] Figure

{0026 i gu o Y i€t BReTPIY B ERoaRly Kb bR 8RB, hevi no

an exaqﬁgﬁﬁbuﬁg&gkxa@é&ﬁQQ?] Figure 12B is a schematic view of yet another
expander assenbly having an_ exanpl e bl ocker. [10028] Fi %ure 12Cis a
schematic vilB¢¢ HfFlg@@ 9&%@@86%@%# apeiheraxenpiavAlYRssFRYARPIE bl ocker .

[ 0029] D, |c vi ew of yet another expander assenbly
havi ng gg ﬁ%ﬁﬁhp € %’ ) [0030] Figure 12E is a schematic

vi ew. of yet[amnnHﬁgnepﬁasd&kmaa&enbhyfhammngwaamﬁmaHWMQebﬁmnkﬁyﬁn[0031]
Figure 13 is a. series of illus Lyatlons showi ng positions of the Figure 12
bl ockerisg & tediigurgd expndet agje@biges of a working cycle for the Figure 12

expander [0023] Figure 10 is a series of illustrations showing positions of the Figure 9
valve at selected stages of a working cycle for the Figure 1 expander.
[0024] Figure 11 is a close-up view of an example valve assembly for use in the
10 Figure 6 expander assembly.
[0025] Figure 12 is a schematic view of an expander assembly having an
examplel blocker. '
[OQ26] Figure 12A is a schematic view of another expander assembly having an
example blocker. A
15 [0027] Figure 12B is a schematic view' of yet another expander assembly having
an example blocker.
[0028] Figure 12C is a schematic vie\;v of yet another expander assembly having
an example blocker. h
[0029] Figure 12D is a schematic view of yet another expander assembly having
20  an example blocker.
[603 0] Figure 12E is a schematic view of yet another expander assembly having
an example blocker. |
[0031] Figure 13 is a series of illustrations showing,‘ positions of the Figure 12
blocker assembly at selected stages of a workihg cycle for‘the Figure 12 expander
25 assemBly. 4
. [0032] Figure 14 is a partially cutaway top view of an example expander
assembly having a delivery conduit. ' ‘
[0033] Figure 15 is a perspective view of the; Figure 14 expander assembly.
.[0034] Figure 16 is a close-up view of the delivery conduit in the Figure 14
30  expander assembly. |
' [0035] Figure 17 is a series of illustrations showing the positions of the delivery

conduit at selected stages of the working cycle for the Figure 14 expander assembly.



25assenbl y. [0032] Figure 14 is a partially cutaway top view of an
exanpl e expander assenbly having a delivery conduit. [0033] Figure 15 is a
perspect iwo 20110988 t he Figure 14 expander assenbly. [O0®8FI|SGRBIgwr@446 is a
cl ose-up view of the delivery conduit in the Figure 14 30 expander
assenbly. - * [0035] Figure 17 issa series of illustrations show ng the
positions of the delivery conduit at sel ected stages of the working cycle
for the Fig . . i i S:

per specti veﬁ&eﬁ%&%ﬁﬁgg gﬁpgﬂ%égée{g)géfﬁe er f%%%?ﬁ%ﬁg%ﬁ&%%%%@?&é&ﬁg nber and
a val ve guide memb@Pa a Falgeire 19 is a cl ose-up perspective view of the guide

menber of the Figure 18 expander assenbly. 5[0Q038] Figure 20 js a close-up
si de vi ew of[O%EQEAgP%Wdﬁ afe eﬁ?@?@@%@%&%ﬁ%@@%@éﬁﬁp er of the [ 0039]

Fi gure I%%‘ur 18 @psfder §Seﬁ1fbl}i.| | ustrations show ng the positions of the valve
at sel ected stages of the working cycle for the Figure 18 expander. 10
DETAI LED DESO8S 3 TFighte J0084Closasipshiawiewmf BieguatesoftheiFigare Bkexpgahderr evol vi ng
vane ex andbr 10 includes a vane 12, a rotor 14, and a cylinder 16. The

cyl i ndérSI8>'Has a | arger dianmeter than the rotor 14. The vane 12 and the
rotor 14 ar qobsisedutdR1tiBe sexéd dTgEﬁstﬂa@ipnél-&{oQ@géﬁleBG@iﬁ\’Sﬁ@@f thd vhFvest i dably
received within a slot 18 established in a side wall 20 of the cylinder 16.
A base selectsid stages ohihe warking cytlgifen fhe diguae A2 @xpandethe rotor 14. [0042] The
rotor 14 is nmounted for rotation about a first |ongitudinal axis 24 and the
cylinder 16 -is nmounted for rotation about a second |ongitudinal axis 26.
Theiot WDBYASLED BRSICRIPTON paral | el and spaced apart such that the rotor 14

and the cylinder 16 are : i : .
[0040] As shown in Figures 1-4, an example revolving vane expander 10 includes a

vane 12, a rotor 14, and a cylinder 16. The cylinder 16 has a larger diameter than the

rotor 14. The vane 12 and the rotor 14 are hoﬁsed in the cylinder 16.

15 [0041j The vane 12 is slidably received within a slot 18 established in a side wall 20 of
the cylinder 16. A base 22 of the vane 12 is rigidly attached to the rotor 14.
[0042] The rotor 14 is mounted for rotation about a first lqngitudinal axis 24 and the
cylinder 16 is mounted for rotation about é second longitudinal axis 26. The two axes
24 and 26 are parallel and spaced apart such that the rotor 14 and the cylinder 16 are

20 assembled with an eccentricity. During rotation of the rotgf 14 and the cylinder 16 in
the exam;ﬂe expander 10, a line contact 28 always exists between the rotor 14 and an

inner surface 30 of the side wall 20.

[0043] The rotor 14 and the cylinder 16 are supported individually and concentrically
25 by journal bearing pairs 32. The rotor 14 and the cylinder i6 are able to rotate about
their respective longitudinal axes 24 and 26 supported by j;)urnal bearing pairs 32. The
example Bearings 32 are illustrated in the simpiy—supportea type arrangement. In
another example, the bearings 32 are arranged in the cantilever-type arrangement (see
Figure 7).
30 -
[0044] A shaft 34 is operatively connected to, or integrated with, the rotor 14 and is
preferably co-axial with the rotor 14. The shaft 34 is configured to be coupled to a



20 assenbled with an eccentricity. During rotation of the rotor 14 and the
cylinder 16 in the exanple expander 10, a line contact 28 always exists

bet ween tWe 200twp9334 and an inner surface 30 of the sideCrsiG2o@®000uO043]
The rotor 14 and the cylinder 16 are supported individually and
concentrically 25 by journaThearing pairs 32. The rotor 14 and the cylinder
16 are able to rotate about their respective longitudinal axes 24 and 26

supported by . our bear.i aj Th X ri e

1 T hst Piente i 3 Rof SvREhIoe bR e R e S R s o

the bearings 32 are arranged.in the cantilever-type arrangenent (see Figure
). 30 WD 2011/ 099933PCT/ S&010/ 000044 6 gower col l ector 15(e.g

7 ., a
dynan)[004p]dratatomerias vare i rotaestbpyiadss o wiea the vase 1gseRtacEdRt5] Rot at i on
of the t1at : | t g S th id

of tho LBt AGUE PorcRueH ol BERbi0l By MB e e (Ao AR e, ot

| east ipartSbpretexpbysidthandedipdiaggeart aanatkthigsitiid tige isodongainl beitwmepnfthei d t hat is

cont ai ned tween the rofor 14 and the cylinder 16. [ 0046] The cylinder
16 has rPT"éRgé‘\gﬁé}ifocyﬁlng?reQBG that maybe integral with the side wall 20, or

may be separate conponents securely attached to the side wall 20. The end
pl ates 1036 also rotate as the entire cylinder 16, including the side wall

20, rot[8044. THeopdinflerTitehas)tanpédensipateside thed maydedulegrahwithéhe sidgwalat

surroungs an outer surface 39 of the cyljnder. 16 and. the~rotor 14. The ,
Shel |- 24 pEthel B bt <BRPoReh e bl StpehOL R e SR RBUAC ThE A bty Juirea 10
rot@t e 34 415 raeds telatite/g/lindert 18e ifhelidg 88.sidewdlh2® rétsaepl €, the 15shel | 38

is a high pressure shell. In another exanple, the shell 38 is a | ow
pressure shell. [0048] A suction port 40 is positioned in and through the

si de | ok U ol [ | to
comm\rll\ﬁlg g%ﬁolz}gé %&%ﬁ’%ﬁé’iﬁagg%roé?ﬁag%ﬁuﬁgﬁ? r8 g%@%%?‘#%ﬁ“ ;%rI]l "[E ég EH)%%d of the
pr essure thdeylinddB16 hiidthghotoh &4 STidesheli BB i@8atddnaty) evithythe ogléndet 66 and

the rotor 14 configured to rotate within and relative to the shell 38. In this example, the

15  shell 38 is a high pressure shell. In another example, the shell 38 is a low pressure shell.

[0048] A suction port 40 is positioned in and through the gide wall 20 of the cylinder
16. The suction port 40 is configured to communicate an expandable working fluid from
a hollow interior 42 of the pressure shell 38 through the side wall 20 of the cylinder 16
20 toa Wérking chamber 44 established between the cylinder: 16 and the rotor 14. The
suction port 40 have a suction valve assembly 46 configured to control flow of the
expandable gas through the suction port 40, More than one suction port 40 is used in

other examples.

25  [0049] A discharge port 48 is located along the shaft 34 and co;axial with the
longiﬁldinal axis 24 of the rotor 14. The discharge port 48 is operatively connected to a
discharge pipe (not shown). The discharge poﬁ 48 has a first portion 50 that extends
axially within the shaft 34 and one or more second ;;ortions 52 that extend radially
within the rotor 14. The second portions 52 terminate at an outer surface 54 of the rotor |

30  14. The number of second portions 52 can be varied depending on the use of the

expaﬁdef 10, and the axial extent of the rotor 14.



20 to a working chanber 44 established between the cylinder 16 and the
rotor 14. The suction port 40 have a suction valve assenbly 46 configured
t o cont r owof2bove9ed33t he expandabl e gas through the sucti @0T{SGR010400040M0F €

t han one suction port 40 is used in other exanples. 25[0049] A discharge
port 48 is located along the shaft 34 and co-axial with the | ongitudi nal
axis 24 of the rotor 14. The discharge port 48 is operatively connected to

a disc i pe t The. di schar ort .48 s a.first. portion 50
t hat egp Q%sﬂ?g‘(a&%ﬁ? %ﬁgﬁ%’\ﬁa % %Oélta}scﬁg$ f’ °, elgﬁ%?pr ?10 lgrm%eecyélgg%rﬁlc? portions 52
t hat exdepadtes @tH Rbikin MeHaniber 4 entd atsoétiohdhahber S& el dipeakgeadham®er t er m nat e
at- an outer surface 54 of the rotor 30 14. The nupber of second portions 52

can be arthegpugiprepert 4§ commumicatps showorking Buiddnigdhe sustion ghambs S4xi al ext ent
f th h 13 ! { : t th
Potor TG fuidis otk ol MEaichalubiibel SR SR Akl voen (N

sucts ompaztwBrber 56 and a di scharge chanber 58. The suction port 40

comuni cates the working fluid into the suction chanber 56. The working
fluid is discharged fromthe discharge chanber 58 through the discharge
5port 4[%05{]0@&%&@%%@%&1@9(1?{%' £E8er0 b shdwhe X PO coshohd ina
position corresponding to the begi nning of a suction-di scharge phase. In

t hi s poebegnninglof asrpiorddisthardd phiase. ils thds nemtiom tlee ¢4pendabie flwd ichanber 56

t hrough,the.suction, .port 4 expanded..fluid,is 10 di scharged fromthe
1 schar GBn RS S8 Rer MR ER ARG Pt 4 e oS RER R £ a1 1)
t hegs Ucdibéargbd Sedia tigedindtase dhafbbnsehoash HRidescBirgepertegpandabl e fluid is
drawn into the suction chanber 56 and nore of the expanded fluid is

di scharged through the discharge port -48. 15 [0053] In Figure 4(iii), the
expande .. Sp: |tk i 1.0n| of the
xpans (o0 2} SEhiBBAR) Innioh o e O R BN o ok B e e el 46
bl ocks flhids dfawtnHetoetkip andhl chafbed 56 dnd hbve oftiod éxpandddaidié is Géchafgegandi ng
the working fluid within tdrge suction chanber 56 increases the size of the

suct i ont¥ERHasdisrhasee BOFY*r ges the expander 10 to rotate in the direction
shoywn. Discharge of the expanded fluid continues during step (iii).

[0053] In Figure 4(iii), the expander 10 is shown in a position corresponding to the
beginning of the expansion-discharge phase. In this position, the suction valve
assembly 46 blocks flow of the expandable fluid to the suction chamber 56. Expanding
the wi?rking fluid within the suction chamber 56 increases the size of the suction

20  chamber 56 and urges the expander 10 to rotate in the direction shown. Discharge of

the expanded fluid continues during step (iii).

[0054] In Figure 4(iv-v), expansion and discharge of the working fluid continues. The
expansion of the working fluid drives rotation of the rotor 14 in this example. The rotor
25 14 forces the cylinder 16 to rotate with the rotor 14 through the vane 12.
[0055] In another example, the expansion of the working fluid drives rotation of the
cylinder 16. In such an example, the rotation of the‘cylindgr 16 forces the rotor 14 to
rotate through the vane 12.
30 L
[0056] The vane 12 slides radialfy relative to the slot 18 as the rotor 14 rotates relative

to cylinder 16. From an external, fixed frame perspective the cylinder 16 does not show



[0054] In Figure 4(iv-v), expansion and di scharge of the working fluid
continues. The expansion of the working fluid drives rotation of the rotor
14 in thiwoeramebss3 The rotor 2514 forces the cylinder PETISG2010t080084 W t h
the rotor 14 through the vane 12. [0055] In another exanple, the expansion
of the working fluid drives rotationgof the cylinder 16. In such an

exanpl e, the rotation of the cylinder 16 forces the rotor 14 to rotate

t hrough_t . eC b1 toas i o) 28

*bet wach PEetEbfiobmet RN RERROLL L ARLATR eyl 1Rl (RABRNS, TU

ar ound Tidveevier) Réfectinel § moeeSRonhd theénsir derfamld0 Tthosidewall @0 yncosEret e -
cylinder 16 and rotor 14. 5[ 0057] Referring to Figure

revol ution-of th , t
5, the “é’k%i?lrﬁtFée‘(Pi‘H@nl th%cﬂmd@ﬁl%ﬁ‘éﬂﬁfséﬁpéil‘f“y relative to the rotational

center of the rotor 14, and the exanple slot 18 is oriented radially
relative to the rotational center of the cylinder 16. O her exanples
i nclaude[085noReferttigab Rrgure 51 theeikemgleiviana 1 h orpricathteal raglally relajO©38¢ The vane

12 slides relative t he sl ot in the cylinder T e le slot 18
et uddgnegimie ok egn et e ol HOF oI st A REIEI TS of Lhe
sl ot 18ihe Th8tisil sQ@HerIRRS cfithdeF €6.COMHet Bxinesled RckEBhaeh-rhdigl vage 12 during
rotation. The thickness of the vane 12 is less than the circunferential -

di st ancrectiEedisernanwedizhisloéd areas 60, which facilitates noving the vane 12
within the slot 18. The raised areas 60 also 15 facilitate novenent of the
vane 12 relative to the slot 18 because the vane 12 slides over the raised

aregs 6068 Ted vadean shides reldigean therstotdlih thaf cylin@erSlc0t ThE&x adpleadlotrigduced
friction between the vane 12 and the slot 18, [0059] Fitgure 5A shows
anot her melpgdaprassed graan 48 extepding 49wy the wnstl 2o thewrlborfabs figt B8-20 hi nge

j oi nt G?hé& S%ag’%ota&ecc{?gfrgﬁf‘eq t8c6ftact e{t? eﬁiz%ﬁkﬁfgot £88 PhogEanelnt 62 s

rotatable relative to ot portions o e sl ot uring rotation of the
rot or 1dfthasaichE syéssidarthé 6acumfeecnhiphdistapa betwéd thetrasadomeamcdommodat es

radi al and.clircunferential nov nt.of t a 12 relatiye.to the slot 18.
25" | 006D icRerLEIS o s YBRG of Batt e Sap ot nihe ERssirasalititder 110

I nchyidegcAia R vihént dahe vind 10lHhive & haGhRds bhecaisS el vade 12 d&saner sl i des
relative to a rotor 114 within a slot 118 of a‘rotor 114. |In such an

exanpl ethetrhisedearpant] wathes thanyenie lentirg wallipfthel sloy 68, wintharddopedofiictie cyl i nder
116 and, the vane 112. The iotating vane 112 forces the rotor 114 to rotate
i tn' gt RRGed T addfe BiTs N0 V2 | |
[0059] Figure 5A shows another example cylinder 16a having a slot 18a incorporating a
20  hinge joint 62 instead of the raised areas 60 of Figure 5. The hinge joint 62 is rotatable
relative to other portions of the slot 18 during rotation of the rotor 14 and the cylinder

16a. The hinge joint 62 rotation accommodates radial and circumferential movement of

the vane 12 relative to the slot 18.

25 [0060] Referring now to Figures 6-8, another example expénder 110 includes a vane
112 that is rigidly attached to a cylinder 116 and slides relative to a rotor 114 within a
slot 118 of a rotor 114. In such an example, the expansion of the working fluid drives
rotation of the cylinder 116 and the vane 112. The rotating vane 112 forces the rotor
114 to rotate with the cylinder 116. .

30 |
[0061] In another example, the vane 112 is rigidly attached to the cylinder 116, and the

expansidn of the working fluid drives rotation of the cylinder 116. The rotor 114 is then



WO 2011/ 099933PCT/ SG2010/ 000044 9 forced to rotate wth the cylinder 116

t hrough the vane 112. [0062] In sone exanples, the cylinder 116 includes
hol es (nowo=hovuey9sext endi ng through a side wall 120 to PemsGeoiornernts a of
the cylinder 116. Uilizing such holes can 5make the inertia of the
cylinder 116 conparable to the rotatponal inertia of the rotor 114. [0063]
The rotor 114 and the cylinder 116 are supported individually and

concent ugn I rs 132, this exanple t he journa
bearlngﬁﬁgﬁrs¥T%%‘k§1 %hggﬁ 1?@3& 1§é%‘%??5%£enent is, however,

possi ble that a sinply supported bearing 10 arrangenent to be used. [0064]
Referring now to Figure 9 with reference to Figures 1-4, the suction valve
assenbl \PU4E] B?SWX%}?&J @eéﬂﬁ‘&iﬁﬂéﬂ %’W@S helse Histt shoyen) gxéending open position

ows TR AT Eo0 (et RRATE IR oS URRAE RN ATSEER Y (e

sucts o nnmhaﬁieenerﬁﬁ ofithe eylidnder ¢ 16 comparablete ﬂ&&seumbhgd idé&rtin $)f the roloe 1open
position. The suction valve assenbly 46 bl ocks flow of working fluid
through the suction port 40 to the suction chamber 56 when the suction

val ve agReabinke o B4idha ieoiRBer a8 by Rived BuilA0GH anneAHBIS suct i on

val ve assenbly 46 noves al onig the axis froma closed position fo an open
posi t i oby gurnahbearingriaire fl 32 He thig garmblonthe yeiresl bemiiedpaiss E2dwwean Fi gure

I n oth r _exanmpl e, ,the suction va 46 nmoyves .from a cl osed
pos) 1 oSl BB ARR R ah, BUGH R bt by RSB iRt R bk o e
sucig onaﬂ@{g\éﬁmﬁs@eﬁmsyd 46 includes a valve plate 66 and a spring 68. One
end of the spring 68 is attached to the valve plate 66. The other end of
the spring 68 is attached to the rotor 14. The spring 68 noves the valve

pl ate 6fywl ~ ' e val ve

assenbl @ @éfﬁg%%% Fonﬁéﬁllte? g@iﬁ%@%ﬁ& ﬁﬂﬁg& ? ? (?’ﬁttﬂkosr t% Hﬁ%bﬁgit ends along a
suct i onageinblyedd  tHOexahitte sxeintiant (s miovébblbbstvach eﬂgplan posifNat afdl ay, t he

gﬁlcfl : O:.]g]géec{]po&glon ?n%kﬁsr cla)?a%lp% t g s1,'15c:|t1|o lellve alss%pn%?y 4(% al?c?wé %vslloer gth 1 of the

15  fluid to flow through the suction port 40 to the suction chamber 56 when the suction

valve assembly 46 is in the open position. The suction valve assembly 46 blocks flow
of working fluid through the suction port 40 to the suction chamber 56 when the suction

valve assembly 46 is in the closed position.

20 [0065] The example suction valve assembiy 46 moves along the axis 64 from a closed
position to an open position at the start of the expansion cycle, which is shown in Figure
4(i). In another example, the suction valve assembly 46 moves from a closed position to

an open position later in the cycle.

25 [0066] The example suction valve assembly 46 includes a valve plate 66 and a spring
68. One end of the spring 68 is attached to the valve plate 66. The other end of the
spring 68 is attached to the rotor 14. The spring 68 moves the valve plate 66 along the

axis 64 to help open and close the suction valve assembly 46.

30 [0067] In this example, the suction port 40 extends along a suction port axis 70. The
suction port 40 has a length 1. Notably, the axial length of the spring 68 is slightly
longer than the length [ of the suction port 40 '



10 [0068] The suction port 40 includes a valve seat 72, which is an area of
the suction port 40 that has a narrower radial dianeter than the valve

pl ate 66.wOhelvmbesd pl ate 66 rests against the val ve se&CTRB20t0®n004he
suction valve assenbly 46 is in the closed position. The valve plate 66 is
spaced fromthe valve seat 72 when tipbe suction valve assenbly 46 5 is in
the open position, as shown in Figure 9. In the open position, the working

fluid F ) p . . nd

thr ough e e SR HeLME PYRKE R 72PBREL 10 Y34 KRS SBichpor e
chanber05kat hhbe naaowewadiapdiaictan thh thasalae phaxt b&r Thik weted glatetdtamsts he val ve
seat 12. In one exanple, .the geonetries of the suction port 40, such as the
val ve $8aipStbe valve Sy AR fascPigdph yalxe easgmﬁv}pg‘@ﬁdn B slotgdpraitiess. 10

[ 0069] THRE A% at@/éagJ spab& SRLAGvEATe bt 90 WK SRTibAVAYe SRBG8H 4¢ om the

suction port axis 70. 'I'n this exanple, offsetting the axes 64 and 70
ensar ess tohtht opérepasitini, enshoatnvie Fgwe$bly thopen\pesitivn, thheodpgeg flpakF t i on onl y

after the suctio roce art 15[ 007 Th osition of the rotor 14

el at i Vo B PHIRG Bt €6 3pS ihe Qb ERer 57 THiaREeh P SRR oL BEEoR s "Shown i n
Fi gur e 74Qffithe sucloh Bbi® 40 @sib ihdductibh ShAXBFFCE TIRManBwed pbisioh Yllnas gonpr essed
and a gap g between the rotor 14 and the inner surface 30 is virtually

zero. Frallspdiamgtes thanilesvalve et 12 hli enpcexanwls dhe/geomeignof jhessiction move

toward _t he e i tl.0n i n.Ei LOCT ) e K] uid F fl ows
into tAe s4u08 lllcgl na{%gﬁ%%%g? S%EQ%%E%?M%E%&\}%S%E %ﬁtgggg %ggﬁr\llféﬁﬁ%ﬁ%séssens the
pressure difference across the valve plate 66 enabling the spring 68 to

nove the valve plate 66 even further fromthe valve seat 72. [0071] The
spri ng [880YvEtaxs ¢4ofthe smung 6% is gewpfarntidydpaseditom therHetidt Bt of  t he gap

g contifies t tféi%;é%%ﬁ@l@, SFsett ;F@Bx&eé Nyt é}ﬁulfggrt}% thtAudish $416 cyl i nder 16

in the area.o uction ve assenbly 46 keeps increasing. In this
exanpl exssdnitddy #é utavab tecthndpen posifiengilly afier thesustpmi prgeced8stas.equal to t he
maxi mum gap g during the expansion cycle plus the length "I of the suction
port 40. The maximumgap g is shown in Figure 10(iii) in this exanple. At

thiss pqiodte] TEcaHh FFhasdtore 4a8BaMPLYthEyiisddrN 6at MleQERCoMRS hidieA because
the valve plate 66 is contacting the valve seat 72. Wen the valve plate 66

i s in 30peass igheivniie Higurd E0(e liitlkg phsitivel the exemnle sprinesiis dulligai nst t he
val ve plate 66 ich i r er th force the ring 68
forci ngcoﬁ'Péeif*g(il %Vg]ap?% %g%i%eggmglf P %Oé%gtaﬁg)ﬁ\l/eai&\}% Sélg%? ¢ %(g% ¥ ea1 rzees(gur e
di f f er eTigespiink G8 ahdisfotdee tHEakictidDNaloé assbmblkad o/ mbad ©wafd the open
~ position shown in Figure 10(ii). The working fluid F flows into the suction chamber 56
20  past the valve plate 66, which lessens the pressure difference across the valve plate 66

enabling the spring 68 to move the valve piate 66 even further from the valve seat 72.

[0071] The spring 68 eventually reaches its neutral condition and the size of the gap g
continues to increase as the gap between the rotor 14 and the cylinder 16 in the area of
25  the suction valve assembly 46 keeps increasing. In this eXample, the neutral condition
length of the spring 68 is equal to the maxiinﬁm gap g during the expansion cycle plus
the length1 of the suction port 40. The maximum gap g is shown in Figure 10(iii) in
this example. At this point, the suction Valka, assembly 46 ,is in a closed position
because the valve plate 66 is contacting the valve seat 72. When the valve plate 66 is in ‘
30  this position, the working fluid F exerts pressure against the valve plate 66, which is
greater than any force exerted by the spring 68 forcing the valve plate 66 away from the

valve seat 72. The pressure difference maintains the position of the valve plate 66



11 against the valve seat 72 (as shown in Figure 10(iv) until the gap g
agai n decreases and the spring 68 is conpressed enough to force the valve
pl ate 66 woay1fweesst he val ve seat 72. 5[ 0072] The exanplPETSBRINGPOB84 i S

desi gned such that the spring 68 exerts enough force to nove the val ve
plate 66 away fromthe val ve seat 725t 0 an open position when the spring 68
is fully conpressed. [0073] O her exanples of the valve plate 66 include

bal | s, i j . . t] t e adj usted
fo accomniine bfiestTalb AR TIA Bkl Bl bk AR ghesbnl 021 Ve
assenbltlie §frig6d isdempeisibdd @oagh spfordtdhe vARBRPERS 66 aWap b thovaioakenl t he

val ve plate 66. [0074] Referring to Figure 9A, another exanple suction

val ve é@%enbly 46a uses a 15 valve plate 66a nade of a flexible reed.

Fl exi ng the valve plate 66a and noving the valve plate 66a agai nst a val ve
seat 72a noves the suction valve assenbly 46a between an open position and
a clsosdA0psTHda exantpde spingrédlis fésognedisutin ehanvdrelspring 68 axatstdnooglgfortde sucti on
port 40. 20.[0075] .Referring to, Figure 9 anot her exanpl e suction val ve
DS IO JEHE Pifts B pRep ki st P A0 PR B ShEy P nder 16b at a
pi vot Z%ﬁngggqgﬁﬂgthgmaﬁgye pl ate 66b noves the suction valve assenbly 46
bet ween an open position and a closed position to control flow of the

wor ki ng fluid through the suction port 40. 25[0076] Referring to Figure 11
wWithr ' 16 Fi,qur - e, ex r..assenbl 10..incl.udes a val ve
TSSO S e e phESPERETREPERBSRCHY T pBitbiss T The

assenb exanpl e, Uuctt

ex prndesf tas sstioh ot UD das bk adjsistel dn adddgrhedigs these dMherteiemplestOer port 40 in
the Figure 9 enbodi nent. In another exanple, the length |I'of suction port
40 is spemplesd thgsietian velke assemlhinte inchyde addifiens] spripgsy dampgs, orpeth engt hs 1

and |’ ' thk BaR@ the wall 30t hi ckness of the cylinders 16 and
116. f%%ggﬂ?gh%o%trkkﬂ??gm/of t he expandabl e fluid through a suction port

240 in a cylinder 216. The exanple bl ocker 76 remains stationary relative
to the [%Y)Jﬁrfﬁg err12n1g6to 1gurg BX, zrar(l)(;[t er:r e%%rdflple suction Vélve assembly 46a uses a
15 valve plate 66a made of a flexible reed. Flexing the valve f)late 66a and moving the
valve plate 66a agaihst a valve seat 72a moves the suction valve assembly 46a between
an open position and a closed position to control flow of the working fluid through the

suction ?ort 40.

20 [0075] Réferring to Figure 9B, another example suction valve assembly 46b uses a
valve plate 66b that is attached to a cylinder 16b at a pivot 73. Pivoting the valve plate
66b moves the suction valve assembly 46 between an open position and a closed

positioﬁ to control flow of the working fluid through the suction port 40.

25 [0076] Referring to Figure 11 with reference to Figures 6-8, the expander assembly 110
includes a valve assembly 146. In this example, the lengthtl’ of a suction port 140 in
the expander assembly\l 10 is less than the length 1 of the éﬁction port 40 in the Figure 9
embodiment. In another example, the length 1 of suction port 40 is about the same as
the length 1’ of a suction port 140. The lengths 1 and 1’ depend, in part, on the wall

30 thickness of the cylinders 16 and 116. |

[0077] Referring to Figures 12-13, an example expander assembly 210 uses a blocker



as the expander assenbly 210 operates. The bl ocker 76 extends
circunferentially around a portion of the cylinder 216, and is configured
to bl ock wbaw1a9e3Be working 5 fluid through the sucti orCpeGRoRAOMMEN
radially aligned with the suction port 240. Figure 13 (iv) shows the

bl ocker 76-in a position relative togathe suction port 240 that bl ocks flow
of the working fluid through the suction port 240. Figures 13(i-iii) show

t he bl er 7644 a, Si1] i ot LR : . at permts
1 ow o Pt ReotBrdRngof PERYRISIEEE Sty 1so Pk 280 5P e oty “rn
exanpl erHel sxek@le blbclies 78 kemsiha patomidrdlatiicab khe spaded 18 @idshares 2d4f rom t he

cylinder 216. Spacing the blocker 76 relative to the cylinder 216 reduces
fricticudre soapeEesydieehl ppaatssobkeblocker79pxionds eysumigemntiols. The space

is mnim L1 ek f ' fily Wi 1 | e,
| ubri caat%l)%ﬁld% é@%%ﬁeg@?ﬁ%&%lghmﬁgg \?\%@r%% %gttor?éb%{i%% 25&73‘/03%%%% cyl i nder
216.5 Thtid throunghathie eactfdnl post 240ewhknstadiatly abghead widlathetshetsorapet24f. t he expander

assenbly 210, [0Q79 n, on npl e,. the bl.ocker 76 is caonfigured to

o ppor tHERE adbhrhnats heLBErE mdor Rst el ye Srgod piBaAb B assembl y 232
for t he,guRaNAess @ $RMBhY RiPirAEh[RO8RE o MNP0 1BAuD OVG-iA sHWARE! €
expander assenbly 210a incorporating a bl oCcker 76a that controls flow of

t he wortlogkgr 76 i g postiomheelatoieko thy suh@erbpert 240 batpermie fodcef tha wedsng 240a. The
bl ockerﬂzgguci rclgg]1r3nc erteontioq,léy surrounds a cylinder 216a. A portion of the.
bl ocker W QUL Pe U BT} " 78 "As can be appreci ated, the suction port
240 is in 25 an open position when the suction port 240a is radially

aligned with the slot 78. 8%0,081] Figure 12B shows_ an exanpl e expander
assenbl PO28lobherspmple Blopkes Tkds arrehapghandgadialy seacedadistance ddipm Hicough a

suctio 240 : ' kLt QL e r s er assenbly

2100, 30 2 R By A B e O AR o7 Thg

Fi gur e chaithet Betoichethedtacke! 6 expthedglindes 2@ abTYie Riddd id molimibed tsliotii on port

protr usllegknagg(())f t )g[v%]r lnnggﬂlgig.d &naclnll exfagn% e,?ubsrl%g’;[iér? 1% a%ﬁé& toztﬁg gfea-‘gggve%rlimt hon port
15  the blocker 76 and the cylinder 216. The lubrication fills the distance d to seal this area

of the expander assembly 210.

[0079] In one example, the blocker 76 is cbnﬁ‘gured to support the expander assembly
210 and thus serves as a bearing assembly 232 for the expander assembly 210.
20 ‘ . |
[0080] Figure 12A shows an example expander assembly élOa incorporating a blocker
76a that controls flow of the working fluid to the working chamber through the suction
port 240&. The blocker 76a circumferentially surrounds a Cylinder 216a. A portion of
the blocker 76a establishes a slot 78. As can be appreciated, the suction port 240a is in
25  an open position when the suction port 240a 1s radially aligned with the slot 78.

[0081] Figure 12B shows an example expander assembly 210b having a blocker 76b
configured to control flow through a suction port 240b estéblished within a rotor 214b
of the expander assembly 210b. H

30 ' _
[0082] Réferring to Figure 12¢, another example blocker 76¢ is configured to control
flow through an axially extended suction port 240c established in a cylinder 216¢ of



5 protrusion 80 is configured to contact, or alnobst contact, a bl ocker 76d.
The suction port 240d is in a position that restricts flow of the working
fluid i ntwoaowawiizag chanber of the expander assenbly 2P0a/Sehern/006va4 suction
port protrusion 80 is axially aligned with the blocker 76d. The suction
port protrusion 80 effectively extends the axial |ength of the suction port
240. Utilizing the suction port protrusion 80 reduces frictional |osses 10

associated with co e t.he bl ocker 76d and the cylinder 16 in one
St el Pt RN U8

exanpl €. y€t- anot her exanpl e expander assenbly 210e
incorporating a suction port protrusion 80e. In this exanple, the suction
port protrusion 80e includes an _axially directed partion 82 configured to
cont act[0883)| Fsdraing 1o E1ayre hdd anpther eyanpileerpandes asgayely 2R Belidsy to Fi gures

14-17, . - : )0 i Lt 84 and
R e g e e AR B
chanberpr3ddsiaf 84 heosfigardes cagse )y aymB8¢t@onthbie a Whrckemtpdf | Thelswwtiomuni cat'es
away fromthe.delivery conduit. 84 thr h a .condujt opening 90. /A second
openi g BERY 1  LB QLR BT BATETEAE L R PP e e

del i ver ¥ c08H4hder8dsemiBlf 2094 WREL the3dbt A pdrifrofuRBR80s A&SI8MMIgHed10 i ncl udes
a tunnel 92 configured to communicate the working fluid fromthe conduit

openi ngwv@dthefbledker . Thersypctiurphyt progysiew 8@ eHewttviebnexiends tisuaxiglilenath t he

cylinder, 316. .The [ .part, 340.del ivers t.he rkingefL.ui he
e ki natanisrt S 90:0RB 8k ot ERt B EnttR P B et b st o
del jover 3s6@aedhvith @4ntast Sudivieradbl ®ldcRer Hdeind@hd Hginder ki Mcprielat@ipldhen t he

second opening 88 is radially outside an outer wall 339 of the cylinder
316. As the expander assenbly 310 operates, the delivery conduit 84 noves

bet ween iti ' o hal i,de the
R e G R i

i nsi de $usdo0pdreprotasionBVL. Iienetanepls eoondtioppait peptBBionBlemsiladestane out er
wal | 339, i'lde wal |l 320 of _the cylinder. 316 bl ocks the working fluid from
enteri n@“i‘lg’e(ﬁ?é?@rﬂ?r%% Repfiggred t?fo?t@@??ﬁloéﬁr ?ﬁﬁ?@&g iaﬁ%cil\é@?il%“ea first end
haviyng the slider assenbly 86 and a second end coupled with, or adjacent
to, a rotor 314 such that the arm94 rotates with the rotor 314 about an
axi s al [0§RERefietringtofogures bhdl, axéxempRiexphndan @sseotbdy 3 Blutilizehe del i very
conduit ,84 noves radially..relati t he.cyl. nd 316 .as_Lhe .cylinder 316
r ot at es® lé@é'nciopa'(’:]é??)?n%arsgfi?fﬁSVénvlﬁ%%?ﬁ%cm%Poglo .therﬁ’gﬂ?%ﬁ‘éﬁt vements
nmove t h@oS@eOsintReBINET 63 ehgin@%ﬁﬁss&hslgfzim_s tThp &drking Mluadebrhfanizeeond
position. [0088] The slider assenbly 86 slidably receives an end of the

del i ver gwasofiowithe dalivieny eendoifriduirongh o sendit oneRTIE Wt NerEcorsheBRE 85F t he
SeL e LSRR OHRR-IR PRS00 o b Eotagd asneblaglo.
shown i p1dofgtie expanderTdseerdillyi 3dOriyclodm ditinineB 2 configurad © @aenumicse thieon in
E: gﬂ,r- ::W%;%u;lé itl{nlflvf;% I}Peeco%%{lilt Y)Sér%/ing 861 g‘y tlhte dglll}velriiclorl;]duaitn84ot%eansuggosr|1 It)clnff) nin
340 within the cylinder 316. The suction port 340 delivers the working fluid to the
working chamber 344.
25
[0086]- The second opening 88 of the example delivery conduit 84 is only able to
receive the working fluid when the second opening 88 is rédially outside an outer wall
339 of the cylinder 316. As the expander assembly 510 op;erates, the delivery conduit
84 moves between a position where the second opening 88 is radially outside the outer
30  wall 339 and a position wherte the second opening 88 is radially inside the outer wall
339. When the second opening 88 is inside the outer wall 339, a side wall 320 of the
cylinder 316 blocks the working fluid from entering the segond opening 88.



[0090] Ot her types of the delivery conduit 84 are used in other exanples,
such as a solid rod, a ball, a cone, a plate, a spring plate, etc. [0091]
Ref erri ngwoeoHige3es 18-21, an exanpl e expander assenbl pCEBEG20n0bedes a
gui de 20 nenber 95 that establishes a track 96. The exanpl e gui de nenber 95
is stationary relative to a cylinder;s#416 of the expander assenbly 410 as
the cylinder. 416 rotates. The axi al distance between the track 96 and a

rotati | S.426 - i . i [ erentiall 25[ 0092]
A suct | 0 (et ) 98 iRt G ¥ BN e MRS BRI AN 056" The
cap 98 tampkidacidd of adjardnbeo, wabioe 3P4 aich tH&Ghe dine 94 tthteOWithahy®tddi4al so

i ncludes a spri.n _468.,@?5 end of the spring 468 is attached tq the valve
pl at e 48Ut ahaxip pliaied willhgrasatiqngbaxds 33l the gotps3 Iy t thadsdivew @niyié to t he
suct i on Lt e A40: |4 ' ] port 440
S sl By e A L it e BPRER e R R SHBLIRE Bl6s s
at t ac hectlafive hgthscotond ] 4. WwEhalradial provemssis spovetthe secdl opening 88 between
2011/09&%%&;CTL &2010/.000044, 15., rotational axis 426 to a position that

bl ocks tPPSIHSP R PorseER RS9 mor ki ng chanber 444 of the expander 410.
[ 0094] The suction valve 446 noves with the cylinder 416 as the cylinder
416 rotates. 5 The suction val ve 446 noves through the track 96 of the

gui de n¥BE) Thsslifigr assgmbly §Gedisiably rpenivésen eofl of e debiveryicondwt 84 ke cyl i nder
416. Figure 21(] hows e expander 410..4in.a.positi.0 re the guide
renber SLoBElR o AR et b R B AR B an open

posid i ofperdticustehd{pahdersibauntbly Beo.sucti on val ve 446 in a fully open
position. In Figure 21(iii) the suction valve 446 travels through a
radially inward 10 tapered portion of the guide nenber 95, which allows the

spring @%9)} §e19&gc}]£;c\%gé%t%g‘ﬁg 6&@&0&%&%3&%@?&%@@3‘3oaar&%h%% nPOSI tion.

"Figure V) ctron va ina fully closed position

wher e t Figugpul 7d e Thee dlerer@ Boridwitrdtis oppdssaigpdshtnfio Fignref 1 i(tieiv3pTheg 468 on

t he sucti.on vaIve.%ﬁG..lS[OOQS%.Ln qggfher zxa l e, a magnet is used to
mani pul SEECPhPIEBY Bt 1o BfoncREOser ioiieysydlid¥senbl y 446 rather than the
gui g menber 95. [0096] Al though various enbodi ments have been di scl osed, a
wor ker of ordinary skill in this art woul d recognize that certain

nmodi f i cEH0PBLOthen ppgs obihe delivéry wondit Ycapaset inZghariskemplesamuch ena For t hat

reason, e 5ol 4,109,212 Shouldhe giudied to deterrine the

[0091] Referring to Figures 18-21, an example expander assembly 410 includes a guide
20  member 95 that establishes a track 96. The example guide member 95 is stationary

relative to a cylinder 416 of the expander assembly 410 as the cylinder 416 rotates. The

axial disfance between the track 96 and a rotational axis 426 of the cylinder 416 varies

circumferentially.

25  [0092] ‘A suction valve 446 includes a cap 98 attached to a valve plate 466. The cap 98
is Spaced from the valve plate 466. The suction valve 446 also includes a spring 468.
One end of the spring 468 is attached to the valve plate 466. An opposite end of the
spring 468 is attached relative to the suctioﬁpcirt 446 at the cylinder 416. The geometry
of the suction port 440 is similar to the exaﬁple suction port 40 of Figure 9. The spring |

30 468 is attached using screws, welding processes, etc.

[0093] The spring 468 is biased to pull the valve plate 466 radially inward toward the



true scope and content of this invention. 25 16 CLAIMS W claim 1. A
revol vi ng vane expander conprising: 5a cylinder; a rotor housed within
t he cyl i mderotiessabl i sh a wor ki ng chanber between t hePcyiSGadi@rnoead t he
rotor, the rotor being eccentrically nounted relative to the cylinder; and
a vane secured to one of the cylindgs or the rotor, the vane slidably
receivable 10within a slot established in the other of the cylinder or the

rotor, E)tragon aXthgg.&(l) guPSI Itlﬁla{ i)féCkg ﬁ(t)\%t Igr%’ gl%l Fdn% W(()) 1r¥ga§1aﬁ%)l } nder and

the rof van or C wherein
at | easiy4@fiehedxphuider ADO.OF or the cyli nder IS confl gur ed to rotate a shaft
to provide power when a fluid is 15expanded wi thin the working chanber. 3.
The revol ving vane expander of claim1, wherei n the rotor has a rotor

| ongi t ydhdal iy i s
LorSh | 40P RS A BN 80ty IR AaaR i detyd Bk ol
revel viTig suatien mhzra«tmﬁemoﬁfs thtoaghntiady tramﬂte%e)fnhet bede nieorbef 95 titngng gtonpri ses a

t haf t th t i L.udi | . i th
(i schar et pBPTion o a8 APt apt A DBy b et secsriir 410 Sast one
di schargg JRe#ibn wherethe Eiide bRYM ¥ 0B BYRE €0 &ﬁ%@é\%‘dm@% Heuttidh viMpgr ei n the

operative connection conprises a first portion of a discharge port
ext endi4d@ taxh apétryposgicar iNigure 81(ihehows e swhadn valendiingelblin@ppor t i on

orL e Rt 2L Bob 5B S g RO L 70 vare
10 tapered portlon of the guide member 95, which allows the spring 468 to begin to move
the sucti(j)_n valve 446 to a closed position. ‘Figure 21(iv) shows the suction valve 446 in
a fully closed position where the guide member 95 is not 6pposing the force of the
spring 468 on the suction valve 446.

15 [0095] In another example, a magnet is used to manipulate the position of the suction

valve aésémbly 446 rather than the guide member 95.

[0096] Although various embodiments have been disclosed, a worker of ordinary skill
in this art would recognize that certain modifications would come within the scope of
20 this invention. For that reason, the following claims should be studied to determine the

true séope and content of this invention.

25



30cylinder conprises a side wall and a pair of opposed end plates all of
which are configured to rotate with the rotor. WO

2011/ 099986RI/B®B3610/ 000044 17. 7. The revol vi ng vanePeXpsenaiono@i4 any one
of the preceding clains, including a suction valve that controls flow of an
expandabl e gas through the suction pgrt. 8. The revolving vane expander of
any one of the preceding clains, wherein the 5cylinder conprises at |east
one suct. ort configured to communicate fluid that is expanded in the
morkingﬁéﬂﬁﬁger. 9. The revol ving vane expander of any one of the preceding
cl ai ms,wehrigi n the vane is rigidly connected to either the rotor or the
cylinder. 10 10. The revol ving vane. expander of any one of the preceding

cl aims, wherein the working chanmber conprises a suction chanber and a

dlscharg qp&; |g§ ol ving vane expander of claim 10, :
mhereln ?ﬂ%b§§ Y ufe§%%%%f%e lﬁ¥east 150ne suction port configured to
comsuni cat e afdylihdert 0 t he suction chanber 12 The revol ving vane expander

of claim10 or claim.11, erein.the v arate rkln chamber
"hto the suctPER heHeeirBIhin e SHade o e ﬁa%%&ala?%e& evol vi ng

vane expapgghifind@ie BRg, @k rgtaﬁb&ﬁge&%h&&aﬁ& f Fiited WHIBH & 13 tfe Ejrlﬁﬁie{;ont act is
formed betiveen the rotor an internal surface of the cylinder. = 14. The

revol vi ng audne expander of any one of the preceding clains, wherein the
rotor establishes the, slot der is confi dtaor tate when a
Wor ki ng- 1 i ong SRt iy DRBE BRI BB S e o hg
vang expar#edin @fsicdBitalitBe®in thbotHer 6£ 81 HEnddrr e rovdtetheivand & figutddnder
establishes the slot and the rotor is configured to rotate when a wor ki ng

fluidis éx baha@auwl m@@e@@pﬁa}ﬁh%wlmﬁaw@rthe ggor.

2. The revolving vane expander of claim 1 or claim 2, wherein at least one of the rotor
or the cylinder is configured to rotate a shaft to provide power when a fluid is

15 expanded within the working chamber. = -

3. The revolving vane expander of claim 1, wherein the rotor has a rotor longitudinal
axis and the cylinder has a cylinder longitudinal axis parallel to and spaced from the
rotor longitudinal axis. ’

20-

4. The revolving vane expander of claim 3, wherein the rotor further comprises a rotor

shaft co-axial with the rotor longitudinal axis, there being a discharge port in the

rotor shaft operatively connected to the at least one discharge pott.

25 5. The revolving vane expander of claim 4, wherein the operative connection-comprises
a first portion of a discharge port extending axially relative to the rotor shaft, and a

second portion extending radially relative to the rotor shaft.

6. The revolving vane expander of any one of the preceding claims, wherein the
30 cylinder comprises a side wall and a pair of opposed end plates all of which are

configured to rotate with the rotor.



16. A revolving vane expander conprising: a cylinder establishing a suction
port; - 18 a rotor housed within the cylinder to establish a working
chanber bEOwer9P938 rotor and the cylinder, the di schar @eT{S6r01000004 gur ed
to comunicate fluid to the worki ng chanber; at |east one val ve assenbly
noveabl e between a first position ang a second 5position, the first
position permtting nore fluid to flow through the suction port to the

wor ki n anber .than the second position; an a van ecured.to one of
the oy it TABroGTvibf Tone PR aE R SR of e nedipg ol ARG GREH TS, of

est abl i shediviethith@nbRETovObf dnhkpeddablaesk tiouiithelsatdn pdrhe vane confi gured
to link rotational novenent of the cylinder and the rotor. 10 17. The

revol vi ng vane expander of claim 16, wherein the valve conprises a spring

t hat bi val ﬁ% ' [ LE0n. 1. 18 1T vol vi ng vane
expandé?ﬁgér%ﬁ§Y%gf%ﬁeg erg%ﬁ&t %ngﬁé%gggﬁ%@ggggmééag? 8gg%ing 15ext endi ng
al orsg a spylinderaxhprisbait 1est @ar aktial pdro carfibus@bioadniniativae fleidttkatlis ne of the
suction port. 9. The revolvi ng vane expander of claim 16, wherein the

val ve conﬁ?P@E@%énSFﬁF@*&ﬁﬁmém@ﬁ?ing, the plate spaced fromthe cylinder
when the valve is in the first position, the 20plate contacting the
cylinder when the valve is in the second position. 20. The revol ving vane
expandet. Tak revadiimg ¥ape wkrendérvftahpopt af be poeppdingetaims fwisséibltlee vaneds 25 21.
The revol vi ng vane expander of claim19 .or. claim 20, wherein the spring is
in a neut rd" 588?1’9‘?03?1({)%% eﬁtﬁgr‘%P%?rg&l?gylgﬁlgﬁ'ed fromthe cylinder. 22. The
revgl vi ng vane expander of claim 16, wherein the val ve conprises a spring

and a plate that is hinged to the cylinder. 30 ) )
10. The revolving vane expander of any one of the preceding claims, wherein the

working chamber comprises a suction chamber and a discharge chamber.

11. The revolving vane expander of claim 10, wherein the cylinder comprises at least

15 one suction port configured to communicate fluid to the suction chamber.

12. The revolving vane expander of claim 10 or claim 11, wherein the vane separates

the working chamber into the suction chamber and the discharge chamber.

20 13. The revolving vane expander of any one of the preceding claims, wherein a line

contact is formed between the rotor and an internal surface of the cylinder.

14. The revolving vane expander of any one of the preceding claims, wherein the rotor
establishes the slot and the cylinder is confi gured to rotate when a working fluid is

25 expanded in the expansion chamber.

15. The revolving vane expander of any one of the preceding claims, wherein the
cylinder establishes the slot and the rotor is conﬁgured to rotate when a working
fluid is expanded in the expansion chamber.

30
16. A'revolving vane expander comprising:

a cylinder establishing a suction port;



23. A revolving vane expander conprising:. a cylinder rotatable about an
axis; 19 a rotor configured to be housed within a cylinder such that a
wor ki ng cowerbewospssest abl i shed between the rotor and theCEsiGod®no4s he
wor ki ng chanmber operative to receive a conpressed fluid that is

comuni cated.to the working chanber ighrough a suction port; 5a vane secured
to one of the cylinder or the rotor, the vane slidably receivable within a

sl ot establ iasr Fol(%rﬁgﬁ?eg Wg}tfﬁmﬁ{ cﬁfndgtht% eg%{aiiﬁf%gm%?‘% E}?daénﬁb%gﬁém{ehﬁ' Gevane

configured to i-onal “movenen erotor; and a

bl ocker, wberendthealyiihdagthieligschyrgt pae condyesd tdhenstaticas flnat o thet ween a
first position relative to the bl ocker and a second position relative to
the bl ockeVorkingehempes 10position permitting nore conpressed fluid to flow

through t heﬁ?‘l‘&l@i&féﬁ%é asE&n%l?‘?néf%ﬁﬁl%'BQﬂﬁé%ﬁ%t eﬁd&ﬁi&nt ﬁa%ﬁédi’xl'gd posi tion.

24. The revolving vane expandéer of claim 23, rein the bl ocker is a
st atd onar ypdsitiookihe fird"poBion Peenitengahvierftpid anBoetpangetheshctodrepari ®3 or cl ai m

24, wherein the blocker is radially -outboard the cylinder. 26." The
revolvingtgﬁﬁ@%QQ%QWHﬁﬁﬂg%ma 9S$WBXB?MEWbi 23 to 24, wherein the bl ocker

i s 20ar c- shapeshe sddured REoALMThY EPHA¥PHENE ¥R U8 vaRib sBIMbIPRReREbIC! @i B 23 to
26, wherein the cylinder establishes the suction port. 25 28. The revol ving

vane exparidigiringfslasicaiahiisiied in thel atletir 9§ the olisdéron thovotorpthgtvens padiguresdy
est abl i shes .a, port.ion of the tign port,..the suction port protrusion ‘
configuredpg@kég%%%%ﬁl?9¥§q§'Bi e??§hn£&' 1@3 1:é)ls‘revolving vane expander of
cl aign 28, wherein the suction port protrusion 30extends in a direction
perpendicul ar to the rotatiognal_ axis of the cylinder. .

17. The revolving vane expander of claim 16, wherein the valve comprises a spring that

biases the valve toward the first position.

18. The revolving vane expander of claim 17, wherein the valve comprises a coil spring
15 extending along a spring axis that is parallel to and spaced from a centerline of the

suction port.

19. The revolving vane expander of claim 16, wherein the valve comprises a plate and a
spring, the plate spaced from the cylinder when the valve is in the first position, the

20 piate contacting the cylinder when the valve is in the second position.

20. The revolving vane expander of claim 19, wherein the plate comprises a flexible

reed.

25 21.The révolvfng vane expander of claim 19 or claim 20, wherein the spring isin a

neutral position when the plate is spaced from the cylinder.

22. The revolving vane expander of claim 16, wherein the valve comprises a spring and
a plate that is hinged to the cylinder.
30
23. A revolving vane expander comprising:

a cylinder rotatable about an axis;



30. A revolving vane expander conprising: 20 a cylinder rotatable about an
axi s; a rotor housed within the cylinder to establish a working chanber
bet ween tWwe 2oatme93and the radially inner surface of thePcyiSGaawropothe
wor ki ng chanber operative to receive and expand a working fluid; 5a vane
secured to one of the cylinder or thg rotor, the vane slidably receivable
within a slot established in the other of the-cylinder or the rotor, the

vane configured to Link at i onal .nmovenent, of cyl i nder ,and the rotor;
and a del | vew?og&ﬂaﬁ%‘%fe%ﬁ% a%%%‘%f_“'%“@v%}h? Pt %&X}‘Bﬁattah‘%"r&&g@ﬁﬁg?ﬁ §id, the
delivery cgnBliHedbawideg the fARMUHNIIthOBRMIBY theNREikeid\cHagital bidativaor Ot or noves
the conduit 10opening between a first position and a second position, the

first positefdye bermpressed dluphihat isfcopmunigstad taghe warkdng ehambsnthrovghugh t he
condui t tgﬁgﬁ&gﬁnfecond position. 31. The revolving vane expander of claim
30, including sl’ider that rotates with the rotor, the slider coupled to

t he del i ver ya canededured © onmewd thdeylimdach the aped) thegyahb bikdabeerectivgblei r st
position and .t he second. position. 32. The revolving vane expander of claim
30 or clai¥ ,a%,s?téﬁﬂfhﬁﬁél LiSRE P_?ﬂwyﬁa@ffrqréhecr@%m Bervae eontignrae
relative tghReodliddlemARAht $Be BYiirdicPind AL 8hAMLQF the rotor. 20 33. The
revol vi ng vane expander of any one of clains 30 'to 32, including an arm
havi ng a fi rablodeed, wihteia rotatiop theesytindertmeoes itist suetidn poupercben @ fastshaft to

nove the armwt he, shafi,. the .second end. coupl.ed t e sljder. 34.
Ther evol JIoT b aral s aRaelcl Sy SR g oG Bt 5ot G bBSBedt ¢ ne

del iivery Ride Wetm AERVES of Aebndbrbdsed LAt YR W Dird¥® tBY bididg hoRso e cyl i nder
rotates. 35. The revolving vane expander of any one of clains 30 to 34,
wherein t h@omgmet@ma}qsemmsgmond opening radially further froma
rotational axis of the rotor than the second opening, wherein the delivery
conduit is configured to comruni cate 30working:fluid through the bl ocker
from t he4.dhedesdlviop emdgkpanddrie chirt Q0 gdwh@en thg blocker is a stationary

blocker.
15 A
25. The revolving vane expander of claim 23 or claim 24, wherein the blocker is
radially outboard the cylinder. |
26. The revolving vane expander of any one of claims 23 to 24, wherein the blocker is
20 arc-shaped.

27. The revolving vane expander of any one of claims 23 to 26, wherein the cylinder

establishes the suction port.
25  28. The revolving vane expander of claim 27, including a suction port protrusion that
establishes a portion of the suction port, the suction port protrusion configured to

contact the blocker.

29. The revolving vane expander of claim 28, wherein the suction port protrusion

30 extends in a direction perpendicular to the rotational axis of the cylinder.

30. A revolving vane expander comprising;: -



when the conduit opening is radially outside an outer wall of the cylinder.
01 36. The revol ving vane expander of claim 30, wherein the cylinder has a
tunnel cowbizgureeb3so conmuni cate the working fluid fromPCSGeor®odnts openi ng
to the expansion chanmber. 5 37. A revol ving vane expander conprising: a
cylinder establishing a suction portg a rotor housed within the cylinder
to establish a working chanber between the rotor and the cylinder, the
suction port co&nfd'fgurtetd Itg% cotm'runi.(;ate fluid through the cylinder to the
wor ki ng chanB&V RO EwiaRl AN AH T o one of the cylinder or the rotor, the

vane sl i dabl Y rt8ERbuSBO G thBicklidd t@EstasiisBhl WwekBg dhBmbBer bl thef t he-
cylinder or.the rotor, the vane configured to link rotational novenent of

the cyl i naeter anfhthe medialbt ioper sirkage oEthgcybindary thaivosape charebaeparalive i r st
position . ! .first position permtting nore fluid to
flow thr oSgﬂe%ﬁg%gggg?%ﬁ%p‘%&r’@%ﬁ‘pﬁe wor ki ng 15chanber than the second
posistion, thevamd sceurdseohd yf thieastaddrondietrotdraths eagelidablyirecedvgblend a

gui de nmenber establishing %raok havi ng_a_varied axi al distance fromthe
r ot at i onalWighin & siot estpiisacd infge pther gethegyiinde o5 Giegriprsthe yams sonfigaesdyed

within th oiihﬁ?&aﬁ&lam\é%ﬁlgﬁoY@ﬁk%’ﬁ%ﬁﬁéPMtﬁeP&BN"%ﬁ&‘ the first position and

the second position as the 20cy er rotates. 38. The revol ving vane
expander of eldaliver8 fondatitearsinged trecondiol Sowsd dmbivgrkaniwid sths dalisgyi ng t hat

bi ases the val.ve assenbly.toward the first. position. 25 39. The revol ving.
Vane. expartGETHiLEnEHEs s SPOTnE: Whga WEPERTF I Tees SSslb) v conpr | ges
a cpp and @eﬁhgb@swéeﬁa ahoRRdntan@RedcdRidiRition, MRt esitibs pekhiderenber and
the plate positioned radially inside the guide nenber when the val ve
assenbl y imoreof Biomeerking: fiid tq Aewtthepagl the conduit than the second position.

31. The revolving vane expander of claim 30, including a slider that rotates with the
rotor, the slider coupled to the delivery conduit to move the conduit opening

15 between the first position and the second ﬁosition.

32. The revolving vane expander of claim 30 or claim 31, wherein the delivery conduit

is configured to slide relative to the slider about the axis of rotation of the rotor.

20 33. The revolving vane expander of any one of claims 30 to 32, including an arm having
a first end and a second end, the first end coupled to a shaft to move the arm with

the shaft, the second end coupled to the slider.

34. The revolving vane expander of any one of claims 30 to 33, wherein the delivery

25 conduit moves radially relative to the cylinder as the cylinder rotates.

35. Thé revolving vane expander of any one of claims 30 to 34, wherein the delivery
conduit has a second opening radially further from a rotational axis of the rotor than
the second opening, wherein the delivery conduit is configured to communicate

30 Wi.)rking fluid through the blocker from the conduit opening to the second opening

when the conduit opening is radially outside an outer wall of the cylinder.
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36. The revolving vane expander of claim 30, wherein the cylinder has a tunnel

configured to communicate the working fluid from the conduit opening to the

expansion chamber.

37. A revolving vane expander comprising:

a cylinder establishing a suction port;

a rotor housed within the cylinder to establish a working chamber between the
rotor and the cylinder, the suction port configured to communicate fluid through the
cylinder td the working chamber;

-a vane secured to one of the cylinder or the rotor, the vane slidably receivable
within a slot established in the other of the cylinder or the rotor, the vane configured
to link rotational movement of the cylinder and the rotor;

- a valve assembly moveable betweeﬁ a first position and a second position, the
first position permitting more fluid to flow through the suction port to the working
chamber than the second position, the valve assembly biased toward the second
position; and a |

a guide member establishing a track having a varied axial distance from the
rotational axis of the cylinder, the valve assembly slidably received within the track
to move the valve assembly between the ﬁfst position and the second position as the

cylinder rotates.

38. The revolving vane expander of claim 37, wherein the valve assembly comprises a

spring that biases the valve assembly toward the first position.

39. Therevolving vane expander of claim 37 or claim 38, wherein the valve assembly
comprises a cap and a plate, the cap positioned radially outside the guide member

and the plate positioned radially inside the guide member when the valve assembly

is received within the track.



