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TI TLE: METHOD AND APPARATUS FOR FORM NG A HEAT
EXCHANGER BACKGROUND OF THE | NVENTION Field OF The

wo pesntisosr This invention rel ates general |y top&iEES2004/042074
exchangers and a nethod for manufacturing a heat
exchanger, and nore specifically relates to an
i nternal heat exchanger for a free piston, Stirling
cycl e machine. Description O The Related Art Many
machi nes require the transfer of heat fromone nmass to
anot her such as transfer between a mass within the
machi ne to a mass external of the machine. Free piston
Stirling engines, heat punps and cool ers comonly
require heat transfer both fromoutside its
hernetically seal ed pressure vessel, through the
pressure vessel wall to the working gas at one
| ocation within the pressure vessel to provide a heat
acceptor system and heat transfer fromthe gas within
the machi ne at another | ocation through the pressure

vessel wall to a S,.SU as a olant outS|de the
pressureTU@§§@ﬂE?g%ibﬁﬁﬁﬁgﬁg§§U¥E' 0K @3&@@*5
order to inprove the g AT¢&NEXNAER rate of heat

transfer, heat exchangers are commonly enpl oyed both
interiorly and exteriorly of the Stirling machine's

pressure vessel [ ' r exchanges

heat with the d%?é?ﬁ%&gigbﬁﬁF?ﬁﬁgﬂf@ﬁﬂﬁ@gg interior

and conducts the heat to or fromthe pressure vesse

wall. An exterior heat exchanger exchanges heat with
kaﬂoﬁTh%hﬁ@@Umbat source or a cool ant, such as anbi ent

a|r I n 0 h eat

o 85, By Bt AR SATAD' 06k PRSI Vi bliod o
maﬂuf@&ﬁriﬁéda theatd ux dhiangat] smdsmeﬂa Iseaﬁﬁctaﬂlanﬁa‘lz&es itéh @ internal heat

tirling engine . heater . Patent 4,429,732 to
excgﬁ%ff% adfé%tlttaesgtgp%@%maaav which is sinilar to a

heat exchanger but stores heat and alternately

transfers heat to and frontthe wor ki ng gas and the

373,634 t

thr gh th re;enera
a

ar t e
L1 SR GG TRLTS BF SeSEF g RN PG M f@fegher such as
traﬂb@s’%ﬂae@%ﬁ AMEAE within the machine to a mass external of the machine. Free piston

Stirling engines, heat pumps and coolers commonly require heat transfer both from
outside its hermetically sealed pressure vessel, through the pressure vessel wall to the
working gas at one location within the pressure vessel to provide a heat acceptor system
and heat transfer from the gas within the machine at another location through the pressure
vessel wall to a mass, such as a coolant, outside the pressure vessel to form a heat rejecter
system. In order to improve the efficiency and rate of heat transfer, heat exchangers are
commonly employed both interiorly and exteriorly of the Stirling machine’s pressure
vessel. An interior heat exchanger exchanges heat with the working gas in the machine’s
interior and conducts the heat to or from the pressure vessel wall. An exterior heat
exchanger exchanges heat with an exterior heat source or a coolant, such as ambient air or
a circulating coolant and conducts the heat to or from the pressure vessel wall. U.S. Patent

Nos. 4,052,854 to du Pré discusses heat transfer in a Stirling engine or heater.
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havi ng strai ght, open-ended passages wi th channels or
orifices drilled into the sides of the structure
worasayense to the strai ght passages.. |n the PCT/W82004/042074
art, the larger Stirling marhines usually resort to
i nternal heat exchangers which are constructed of
several parallel tubes conductively connected to the
pressure vessel wall in order to increase the
t hrough-wal | heat transfer surface area. However, such
tubul ar heat exchangers require nunmerous braze joints
foryat tpaght ag2bh82 iy tmschg dd3&ivR!d regdiirstol, A% EiEHh MY Lmﬁrar to a
of joints also greatly iIncreases the probab|I|ty of
heaf exdhanger et stoss hefit dndadtzgrtedn tranifers Henlctoemd donn e working gas

and tgﬁmabszgl ? tlr%gcérgaa 8r|o|?1s§{h]e‘3%ir oy g'glgﬁﬁgﬁu%mglg%eyﬁ& U.S.
Patéit am‘iseeme@ Li\i;o\ﬁohllﬂ{bugh S1o0@r a StirlilemREIRRSE WhewY @Skdt eRéhanger
t he nmachi ne. en a nonolithic head is used, it is

havingnswsrehbropenicpded paskress withrehppneds orrifiden datedinig diesides of the
Stru%{utrf?{}aljlsgertsg ?0 {hI%r gﬁiﬁ%‘%{%g fins, to the head of the

ssure ve exchangers have gas fl ow

betmeem pﬁéxalahelth@lla’gas Stivilvgy enachines wsidlbr mésbyt tos internal heat
extremely sensitive ci ng because the

o.the plate sp S
EXCHNEETS WV BiRh 28] %onsgruﬁa?% brgve gﬁfﬂf Igl WE%S %@@ctb‘feﬁj Yyeqpnected to the
pregﬁlﬂewegggelt Ranfin eﬂv?é%lcfréagmmmggl LRA 1A Rehstet §urface area.

there [imted. The folded fins are fabricated from
Howewhestchdfibwlat bedt akclapgehe dequitconuméroip bezé ucmatsvxﬁot lattaching the

BB S B RSB B SN Fgropi of

fallblre%bﬁQebhfeali:i‘g%%d%&ﬂﬁﬁ’digﬁe&lfe%smﬁlﬁi&h@m to the
head of the pressure vessel. Additionally, folded fins

ar eSmaliergitirtinginiaghiaesicompiosly kse henanelitiin geadepnistuetiasy where
hea§t1§ Rﬂah%ng@%gfoﬂgﬁ {5 V\;aﬂeégc tg% %!ﬁgl“e'é%l NS ngﬁgc)ﬁme When a

annea Si zi ng. ese abrlcat Ion

mofdlihie had@li?s sed, tihie mommriﬁa:tice td beize o int@haltfiimet eﬁlﬁface often in
exchanger. |In addition to folded fins, radial fin

the ferpeolioldsddmsntorthe hfadef th%?r@ssalr%é%?ﬁeleﬁeﬁlah@aé fﬂxchangers have gas
flow h)%fv%eﬁ O[?a rallel pl a?esagvlfep% A6l lﬁﬁﬂ)l‘%ﬁ?tly ﬁtr%el&@%nsﬁwe to the plate
nto e

I nvent i rovi an | rove nor e cl ent
spatlagsbeeaqsemlm mk%/ﬂmrraltfeaslpmp@dtldmhto theoduha @€ rgap between the fins.
Mags ﬁow llljrloaélll ﬁle corners is therefore limited. The folded fins are fabricated from a
sheet of material folded into multiple fins with passages between the fins. This process
requires multiple steps of bending and forming, in addition to brazing the sheet
components for connection to the head of the pressure vessel. Additionally, folded fins
are not generally available in the spacing required by Stirling machines so they often
require secondary annealing and resizing. Each of these fabrication steps adds further
expense to the cost of the heat exchanger.

In addition to folded fins, radial fins have also been machined into a heat
exchanger.
Therefore, it is an object and feature of the invention to provide an improved,

more efficient and less expensively manufactured heat exchanger particularly for a

Stirling machine.
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Stirling machi ne. Anot her object and feature of the

invention is to provide a nmethod for form ng a heat
wexmhamnges at noderate cost that allows for efPCTUSID4/042074

heat transfer. BRI EF SUMWWARY OF THE | NVENTI ON The

apparatus of the invention is a heat exchanger that is

an annul ar ring forned of a heat conductive solid

mass. The annular ring has a central axis and axially

opposite faces, with a plurality of |inear passages

formed through the ring and the opposite faces, for

F1 oM Gtherol Eﬁ'aﬂdtfgétﬁfé%f thOFRATSARES ABeal aé}ﬁéﬁ&r & forming a

heat energ etween the so mass and the fluid

heap eschagges abhmedgnatef cestatbhtyalloavs £b1f efficient hidattransifs. and have

a circular cross section. Furthernore, the passages

are preferably arranged in a plurality of

ci rcunf erent i FRIFFNMIARSIGF PHEORSERAYEON €ach set

having a plurality of radially spaced passages. The

met Redlafparatwakd g aventian iex bpatrrgehangontbel ise aonlr pigg formed
of a H%aa{égﬁjcliuclilvé nlg(%/?lﬁssa T%gl Illt’cli gﬁeg}l% 8g£] 9 %%ﬂth&é\?ﬁ(lﬁ ana ax1a|lillly OppOSItC

fac@pPoi 4 plufzanymf hﬂﬂﬁ‘ pbmgesdfohhhd ﬂg‘o@glpihbl ridlgl atnyl th¢ opposite faces,
assages t.hrough t he annul ar ring and t hrough t he

forébmg @élwlséb@uglsﬁreapasmwﬁrmem et eoetgRpgtWeRES solid
n-[i'_l'ﬁe W?@eﬁk €S :Lré e?erﬁlﬂg ?é*a‘?l\é/l ! ték@%i@ﬁlﬁf ﬁé:\}'eeagmrcular

nbodi rent esent inve IS an
croﬁsn setiged, Fortbermasectheopasbages eane gfrefergbdy tarmngeaf in hee plurality of

._enmpodi t of Fig. taken su i.ally al he.
cirqun@entiamaedséls of prass. FiEhorer fpute el BRte! tiialy spaced
pas®geq Stirling nachine illustrating the positioning of

ﬁ%odlnents of Figure 1. In describing the preferred
errblibﬁ metioddpr makingrakaat xahangsnicomprises formngrant angulan ring of a

soh]glore ?ﬁg\’\ésué: ¥ osei% Cf Ealafnnh m nolll Qf%’g %Vlclels raﬁg%xrls? %{% thg\(fjlélg axially

oppobitd fAdes, ardvehighidllike a| plﬁia’h@d of PadshgesSpesiighi e tadhilaf @ing and
selected and it is to be understood that each specific

thrqughths prposdefces- | techni cal equival ents, which operate
in a

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Fig. 1 is a top view of the preferred embodiment of the present invention.

Fig. 2 is an enlarged, cross-sectional view of a portion of the embodiment of Fig.
1 taken substantially along the line 2-2 of Fig. 1.

Fig. 3 1s a cross-sectional view of a Stirling machine illustrating the positioning of
embodiments of Figure 1.

In describing the preferred embodiment of the invention, which is illustrated in the
drawings, specific terminology will be resorted to for the sake of clarity. However, it is
not intended that the invention be limited to the specific term so selected and it is to be
understood that each specific term includes all technical equivalents, which operate in a

similar manner to accomplish a similar purpose.
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simlar manner to acconplish a simlar

pur pose. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
w@e@saersesl enbodi nent of the present inventi onPCEUS2004/042074

illustrated in Fig. 1. The 4 nvention is a heat

exchanger 5 for transferring heat energy between the

interior of a Stirling cycle machine and the exterior

of the machi ne. The heat exchanger 5 is forned froma

heat conductive solid mass, such as copper or

alum num into an annular ring having a central axis 7

and axi al | yyrappe s pEseResTONOF HIE INVENTSN | S a

solid in the sense that it is not constructed by

c oriftecprefagyredogetiddemert qf] the préseyt wherftroants iHwsivated malffig. 1. The
. nbers put rather begins an integral .solid piece.
i EFIOte o P SXRIEET AP BT TRl SOE B Rt g Tatrior of a
Stirlifg BPele kicaite hnti Be ExtBGorbofanel niddRine P IOSiHeet £3688eP 5a8dormed

11°to permit flow of a fluid through the passages 8

from rag heat anesflegtivefsolig anassnichyasheaPRe AT hipyss irde @nt pgular ring
fluj ' t Q.

ok A0 BRELSRIRRIREUAT o T AP SPAES: £ Bfifin e

senfaitat & i€inoC dbtructed sy sombtting @gethbt &pluralitgdofi frarfre gad/or wall

1 and 2. The passages .8 are arranged_.in a. plurality of .
membgre v &HBR Peas aS @ae@agrshfglcﬁpleg%% i, Aol Bt tincar
pas%%é# By foghl@a fﬁkfoh%he e drds ahd mesc&%%% PRSSAYRS 18 10 permit flow

era each t of “passages I ncludes two

of & fuid tatdlgtlétUe passsgayed a@l sernsdergeicheal engygy betrdienlthomashend the
ﬂ.ring, with four being illustrated in Figs 1 and 2.
Ylowever, other quantities and configurations of

PasHABe prefttdenbodffedNe PhRasRl 6t parafis] 8 thelttmbraPaki®F of the
the size of the heat exchanger, the size of the hol es

annular sing ongh hpeha eiFalaresgss sectons dllystrgtoddm Eigscl and 3¢ The passages

8 a%?ﬁ%%%figlrﬁsé rgﬁgalﬂgac%fh(éifcglﬁ%r%éﬁaclﬁggﬁa%f .rsléét(;fg]?as%aE? I8r r?SCh set

rmn assages can incl ude
haviXlg & gstidalig. oDeddidliyngpacad phssagesc ®npPiesdisidy, byach set of passages 8
. traditional netal form ng techni ques, which include |
inclydey WP Rurmdisacd Bpsrgsid arprgedplongp radiaket fhe ring, with four

beix?éagfm&ﬁ fﬁafgrsni ngd (EDMowdie, B i;ﬂgﬁtitﬁzspé fggxfkﬁéﬂations of

ve a circu cross section an I ndrica
pasydzes carabalfigdtand ek satectarcasr alfmceompf thetstre qiitled beat exchanger, the

sizerrgft tli]l(e) (]ioﬁefs tgggc%fn%ﬁllsg 't del_slg\é\g}ll%{d ﬂ(\),\()hv% arta(r:]t%rigt?csssa%g %he glf!s?red heat
transfer characteristics.

The method for forming the passages 8 can include drilling or casting. Drilling
can be accomplished by traditional metal forming techniques, which include drilling
using a rotating drill bit or electric discharge machining (EDM). The passages 8
preferably have a circular cross section and cylindrical walls when manufactured in
accordance with the preferred method of manufacture. However, when the passages are
cast or machined, a variety of shapes are available, for example, the passages can be cast
with cross sections that are square, rectangular, oval, or radial slots.

Preferably, the solid heat conductive mass is a single piece, unitary solid mass or
block that is formed into an annular ring. Alternatively however, the annular ring can be
formed in discrete, separate segments each of which are a solid mass or block. For

example, the ring can consist of two 180 degree half ring segments, four 90-degree
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cast or machined, a variety of shapes are avail abl e,

for exanple, the passages can be cast with cross
waeabiiorses t hat are square, rectangul ar, oval, peT/USEH0O&N42074

slots. Preferably, the solid heat conductive nass is a

single piece, unitary solid nmass or block that is

formed into an annular ring. Alternatively however,

the annular ring can be formed in discrete, separate

segnents each of which are a solid mass or bl ock. For

exanpl e, the ring can consist of two 180 degree hal f
seghleR of SEENESred QYdmelld: @ﬁ&ﬁrﬁﬁﬁ’eﬁ'g réfege[ 1y HdfesGfot €68 %f such

segnents. The annul ar ring prefer 0€s not consi st
mulbiplescrpipanght payise betofopomegrthe pagtog), suctiucompmmnhgartslmes inatydepart

of .such co ent art fromt .
BRI Dha ARLT o ATRIENE Forlki i yiot | TESFs o althongh it is
preRECESHA! the @th%@imy Endl8ss ot @bRipIsl Fok laszlém}me ethe iridg cAf extend,

entirely endless or conplete. For exanp the ring

for ganmele: @iy, 3P6T SERAATA EIrclerieviBaG: 3PoaREmEntclor aRethér structure
extend?r}alﬁl ;Bg]iaﬂfblggo ?tggﬂﬂ]tﬂge]_ﬁmgqg r%%graﬁgré{fﬁh ebl?txt eagl ﬁlde some

I1tS axi's nerally ann

depbﬂﬁremaﬁfom nedriadely seirorlal ewalid, Uheladingotibpefhgat | of other pl’O_] ecting
circular walls, including tabs, flngers or other
strugHiEese OF PH‘go‘gﬁr%‘E’E’ @F ECOVEY ok changgle s The fing's putey conipus perferably

con@&ﬁms'tﬁe contbur’ dftfle Ent@ﬂx'ére»('alf em&%fre&agé @e}r?@al&f 2CQHIRE WBachine

he contour of the interior e pressure
for opmezhng_)tﬂleanw goningivkkoimeagor amd mmwfmabl}rigazddetp ttigelt wall.

co uctl e conn i on r ef er abl zed t.o t hat
S brlSrorBbedimeR, A e BriBn S f Sigcfag ah Internal
heaP@iJHaﬁg@r%f Ymprev i@t f8e Blitdn ISEFNR cm@ha@?ﬁﬁa aR&refringOo Fig. 3,
improving a free piston, Stirling cycle nmachine.

the Retring intaghine 19 bos 3 disphasersi? re¢ipkpeatalelai ined pUestiag Vassel 13 that
con?z%ﬁ%) J:l %?o? 1n% ésg el?l{epﬂzg %%Sta&lcﬁar{g{érs lfp 5&? ?ﬁ et%g conductlve

con terna exc

conlfet oMl (ASpRESIre Ivestshlermlr ltlfyln@@l’tdtgcﬁdavbetmeﬁ &iétlntM1bhaﬁd1©(tenor
essure vessel 13 for transporting heat between

of tFﬁP@FW? vessgl eldteyarppnngiar rpgs, dr@sﬂgﬁ peat\pEehanger #ﬁ%@lga}@razed
to t@@az 1 1 »Hlf‘ hfegﬁlré b@ssglqgt f&?ﬁ%ﬂg?ﬁn éité?lflal 'ﬁ'e& ac%epi%r. 16 and

tot ternal wall ressure vesse
an 1ﬁnaemalfrejecztbﬂ 18 aramquntedrwnﬁhn ﬁ&atresaumamsm 116 and an
|nt r nal ecter .18 are mount essure .
A b g aR i e i el sirthek oA SIS ring that
fonﬁ§ Eﬂaolﬁi@efrﬁdl hoad éxcﬁkﬁg‘eﬁ%t&fhefahﬁ‘c H ls?srterﬁ I(the Lip?é‘it hda@ EXEhanger
the internal heat exchanger of t e heat acce

in asypgetung [k thay Phistrated an Fgg( Shaarybe formed into a frusto conical or dome-

shaped contour in order to matingly engage a similarly contoured interior upper wall of
the head of the pressure vessel 13. The entire annular ring also can be made in a similar
shape and it is not necessary that the opposite faces be parallel. However, the passages
will still extend between opposite faces of the annular ring. For example, if the annular
ring is made in a frusto-conical shape, the passages may not be parallel to the central axis,
but may be aligned obliquely to the axis, such as lying along an imaginary conical
surface.

In accordance with the well know operating principles of the Stirling cycle
machine, the working gas, typically helium, within the Stirling cycle machine 10 is

shuttled between region A and region B during operation. The present invention aids in
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in a machine like that illustrated in Fig. 3) can be
formed into a frusto-conical or donmeshaped contour in
woeasn21508 mat i ngly engage a simlarly contour ePiCT/US2004/042074
interior upper wall of the ¢chead of the pressure vessel
13. The entire annular ring also can be made in a
simlar shape and it is not necessary that the
opposite faces be parallel. However, the passages w ||
still extend between opposite faces of the annul ar
ring. For exanple, if the annular ring is nmade in a
the ftfaﬂﬁ’ﬁp of (B@étcélergc}h BSect e RAPGAYSEs TRY éﬁ@ﬁnt%ap ?\;rc@%ﬂo?llé and
to e central &axis, but may be aligned obliquely to
rejectee 1§>«ilmngscuwratm thngnaa:ﬂlmg An wWorkigi rgms \is dsplaced through the

surfac rdance t he we kn operatin
PSRBT B10p TR Pisf TSR o o) SRt KRS e Sl &2s 1o
the ms off YIRd g@lségés lsedridudlio i doRdictbd erSligH fhleNBc&HEH ghd rejecter heat
machi ne 10 is shuttled between region A and region

exchangersgl Qﬁ@@rlét ifbﬁ hearigaergy ésalsn candyetad thoaugh s prassure vessel 13.
tr aﬂ§f erreferre d%{ﬂe%t %{g@gﬁ%ﬁﬂn%}[ lont Eel d&eg o bé a(gvantageous

t he er na agce rejec

oved ﬁ%ﬁﬁidr&ﬁ Igdat ta;hﬂaan@e@h fore vaﬁ@tw@frﬂeastbgs gf&l$hdu‘$ghdh§ pifiriz@dy of the
t hrough the passages 8 of the preferred enbodi pent,
heah gansi@re offgn sQ Mpartay dhat dhe ?%teé hegtiexphangsr uetered guen if it is

mot¥hense, Hb‘f'lcgt?%?@ﬁz?ﬁeaq e%ﬂn 1519 ak rﬁﬁﬁg%ﬁﬁgxe?gés%gl.gﬂventmn

the accept or rejecter exchangers 16 a
is bthevelddeds expersywe b@aladesoodmmohmtpewbrtchnmﬂ@d mhdlimngszqulipment is

vessel ..13. . Th referr enbo ese
very S ptTsiEnt & B FEYEHE ABUDE DR BRs VBeTirg: because the
holé¥ dr@HriBéd thdiah LN YGRS rhérid, tlﬂélférﬁ’élﬁm@fmétﬂ%ﬁr@ﬂﬁes a thermal
Al t hough the efficiency of the heat transfer is often

cond@ctmnmﬁh with at maximupe cioes sestom éxrtheeketnaneféan begween the pressure

vesPel%n {h%%gal %?@heﬁolés is nore expensive, fabrication of
exchanger 1h accordance with the present

| nv,emﬁougn das ﬂbﬁll th@ugH ah@ hisat@xpiRidgbivie sOBfies tH@@tﬁtmg between
nmput er controll ed nachlnlq? equi pnent, i.s very
the évrailﬁ ef tistrassegeh and thanplatcesag oy thapedreyhndr¢ah [Péssﬁgﬁsé§ sensitive

to ‘E% ldlﬁegﬁ%f[g the %Q@aggsaﬁ? ‘foaﬁ%%e%r emal géﬂa}rqlsc? @@B&MP wAll have a

rovi des
diameteh apm'akinmﬂyl ustideothe pgaphinna lchmaantmnal rp;umlket q»i:cse heatt exrahanger

fo t conducti on.between .th ressur Vess b'
Thetgforep IR TSR e Vi CESPRN GG £ M bGP ROl rbeRge to the
g
entinE ihte@if RANDShirfA SERR by RIS pAi8ageRaBh MBaxRRIMEE Meat transfer
between those walls and the gas. Furthermore, any heat radiated from the cylindrical
passage walls will be radiated to another portion of the cylindrical wall instead of being
radiated to another structural component within the machine.
While certain preferred embodiments of the present invention have been disclosed
in detail, it is to be understood that various modifications may be adopted without

departing from the spirit of the invention or scope of the following claims.
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the walls of the passages, and therefore gas flow
t hrough cylindrical passages is sensitive to the
wolc@sersos of t he passages, the passages of thePCT/US2004/042074
preferred enbodinent will have a di aneter
approximately twice the gap in a conventional parallel
pl at e heat exchanger. Therefore, flow resistance wll
be inmproved and the gas will be equally exposed to the
entire, interior wall surface of the cylindrica
passages for maxi m zing heat transfer between those
wal | s and the gas. Furthernore, any heat radiated from
the cylindrical passage walls will be radiated to
anot her portion of the cyCLA@¥MScal wall instead of
bei ng radi ated to another structural conponent wthin
the machine. While certain preferred enbodi nents of
1. A BRH¥ag8 LRk YaRE! KBhAIRYE tREABHEH S6mpPRGHg N detail,
It 1s to be understood that 'various nodifications may
be @)dpnadgvant drowdar dépgaef arigat comduchee spiid inpasef thehamnular ring

Lnvention or scope of .the faollow ng clains. CLAIMS 1. A
R AL R T e el el e et hod
conpy i &ilngg a Fl_)lrili@y rofNshsedgeiivlgti thé Agn@hr @inBeaid through the
conductive solid mass, the annular ring having a
oppegite fag¢s. axi s and having axially opposite faces; and
(b) drilling a plurality of passages through the
annul ar ring and through the opposite faces. 2. A
2. Aeidiiost]l innacacclanatawtk claithhl, ovheraim the pdserges are dvélled parallel to the
.p%§£é%gs are drilled parallel to the axis of the ring.
ax150l tAC fBEHod i n accordance with claim2, wherein the
passages are drilled with a plurality of
circunferentially spaced sets of passages, each set
3. Aorthddsinragecadpicgrvthi ¢lginp?, wheteial thy passagesdrgpdsBedyesh aplurality

A nethod.i d ith clai .. _\Wher. .
of iy renunl SREGLEAT BE Ptk onlciel caladb ety FRETSF B paiany
spaded pdiaples.0f the ring. 5. A heat exchanger conpri sing:

an annul ar ring forned of a heat conductive solid

mass, the annular ring having a central axis and

4. ﬁﬁeﬂloldyinoagg&ﬁﬁc% v&iﬁfaﬁi’m E,h\ghérkﬁgeagﬁgétr&gnﬁrises at least four aligned

passages drilled along a radial of the ring.

5. A heat exchanger comprising: an annular ring formed of a heat conductive solid mass,
the annular ring having a central axis and axially opposite faces, the ring having a
plurality of passages through the ring and the opposite faces, for flow of a fluid through

the passages and transfer of heat energy between the mass and the fluid.

6. A heat exchanger in accordance with claim 5, wherein the passages are linear and

parallel to the axis and have a circular cross section.
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plurality of passages through the ring and the
opposite faces, for flow of a fluid through the
w@assagesss and transfer of heat energy between POEURESS042074
and the fluid. 6. A heat exthanger in accordance wth
claimb5, wherein the passages are |inear and parall el
to the axis and have a circular cross section.7. A
heat exchanger in accordance with claim®6, wherein the
passages are arranged in a plurality of
circunferentially spaced sets of passages, each set
ri sy o L. iql :
T e S P R P e A A Braed i
pluraighofS@tcuadeentizibsspated sas df passages) epobdepasspyesg a plurality of
.aﬁran gg anQ% a radial of the ring. 9. An inproved,
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reci procatable in a pressure vessel that contains a
wor ki ng gas and havi ng heat exchangers in thermally
8. A berd es thangercioriceardanvietwith pleimp /e wherem ¢asbsel cdngprises at least two

. transporting heat betwee e interior and exterior of
ahgpﬁcgp?f 203 W%‘@gsaioég,a \\%ﬁlgr%%tﬁe {'f& i nprovenent is a heat
exchanger conprising: an annular ring formed of a heat
conductive solid mass, the annular ring _having a )
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section. 11. A machine in accordance wth clai m 10,

axisvmek aiiallyt rpopiss Bage sharing having gadurahtysofingampassages tthrough the

. circunferentially.spaced. sets of SS S, each se
ring T SPRGS et &Y 1Y O Vo uiea ) RORER B psfedy 3R ranster of
healéherdy Fa&BénBe nths@&eDMhd 3RERinYighd) cl ai m 11, wherein

each set conprises at |east two aligned passages

arranged along a radial of the ring. 13. A machine in
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and have a circular cross seption.

11. A machine in accordance with claim 10, wherein the passages are arranged in a
plurality of circumferentially spaced sets of passages, each set comprising a plurality of

radially spaced passages.

12. A machine in accordance with claim 11, wherein each set comprises at least two

aligned passages arranged along a radial of the ring.

13. A machine in accordance with claim 12, wherein the annular ring is brazed to the

internal wall of the pressure vessel.



