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particul ar| YOO8 heat exchanger for transferring heat M’\’I@'gﬂz‘g fluid on
the inside of a wall and a fluid at a different pressure on the outside of
the wall, and a nethod of constructing such a heat exchanger. 10 2.
Description O The Related Art Heat exchangers transfer heat energy from
one fluid to another. A common heat exchanger is an autonobile radiator,
in which heat is transferred 15 froma warmwater solution in the radiator
to the cooler air_ Heat is renoved by passing the fluid, which can be a
liquid or gas, through a thin-walled passage and directing air over the
out side of the WD 01/18473 PCT/US00/21201 2 thin-walled passage. Gas

nol ecules in the air inpinge upon the walls of the passage, renoving heat
during contact. In free piston Stirling cycle machines, there 5 is a need
to transfer heat froma gas on one side of
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1, Field Of The Invention

This invention relates generally to heat
5 exchangers, and more particularly to a heat
exchanger for transferring heat between a fluid on
the inside of a wall and a fluid at a different
pressure on the outside of the wall, and a method of
constructing such a heat exchanger.
10
2. Description Of The Related Art

Heat exchangers transfer heat energy from one
fluid to another. A common heat exchanger is an
automobile radiator, in which heat is transferred

15 from a warm water solution in the radiator to the
cooler air. Heat is removed by passing the £fluid,
which can be a liquid or gas, through a thin-walled

passage and directing air over the outside of the



a hernetically sealed housing to a fluid, such as environnental air, on
the other. In free piston Stirling cycle cryocoolers in particular, a
working Qaspinsdish as helium within the housing is 10 gqiReensad. t hereby
raising its tenperature. Heat 1is renoved fromthe conpression region of
the housing as part of the process of absorbing heat in one region of the
housing and rejecting it at another. 15 This heat punping process requires
the fl ow of heat energy through the Qousing wal | . However, the nost
common housing wall material, stainleSs steel, 1is not a particularly good
thermal conductpin-wA118aUsdda@ayel.| t 88tk >18BEeed hisRN&¥nd 051 ansfer heat 20
nore rapidly cannot support. the pressure within the housing. Heat transfer
i n conventi onalm@rigd upgn hhe walimcifi bhe passagei, Statbwiyngaheachi ng t hin,
highly thermally conductive fins to the inside and outside 25 of the
housi ng to profdidh&RPtefansfer. The internal fins have high surface area
upon whi ch the vwwfg ng. gasigééhiéhﬂi §nna%hifg | I iﬂﬁ es, er91/18473
PCT/ USOQ' 21 201 3 transfer I'ng theat ene gyy?o RN TATES heat ener gy
flows thyough jhe hauai f@ Mahkrbp DR ¢e8hes gdd BR Sk t1@e04E si de of the
housi ng. Fl uid cool ant,

a hermetically sealed housing to a fluid, such as

environmental aixr, on the other. In free piston
Stirling cycle cryocoolers in particular, a working
gas, such as helium, within the housing is

10 compressed, thereby raising its temperature. Heat
is removed from the compression region of the
housing as part of the process of absorbing heat in
one region of the housing and rejecting it at
another.

15 This heat pumping process requires the flow of
heat energy through the housing wall. However, the
most common housing wall material, stainless steel,
is not a particularly good thermal conductor. A
housing wall that is made thinner to transfer heat

20. more rapidly cannot support the pressure within the
housing.

Heat transfer in conventional Stirling cycle
machines is assisted by attaching thin, highly
thermally conductive fins to the inside and outside

25 of the housing to promote heat transfer. The
internal fins have high surface area upon which the

working gas within the machine impinges,



such as anmbient air, passes over the outer fins, 5 renoving heat. Fins are
conventionally attached by one of two nethods. In one nethod, fins are
brazed or soldered to theinterior and exterior surfac housi n

In the sech8°HB¥ﬁ%d, the housing is 10 separated into ﬁﬁ%ﬁ%%% |%ns by :
cutting along a plane intersecting the housing. A fin structure is

i nter posed between the two housing sections and brazed or soldered into

pl ace. Two di sadvantages to soldering or brazing fins 15 to the housing
are the high cost and the tendency brazing and sol dering have to nodify

h | Turgi cal i f both ' d InS.
the et urol eaboprenerty 65 0f DLl tbs boustag andephe pligs.

D sadvant ages o erposing a fin's het ude

met al | urgi cal efheehy, rRMsARErbih RESSHBRS ity wall1l @akshedbgoidr poor
soldering or brazing. Therefore, the need exists for an effective heat

exchanger, and #imetémwdcHeopbuftpide rf the Ianeing.onFliist icoblagt cycl e nachi ne
in particular, and 25 opposing sides of walls in general. WO 01/18473
PCT/ US00/ 21201 s#chf RSBREREERUMMERY RFESEEE VRVERRPORUERE fi8ntion is a

heat exchenger E%%oviﬁEQ§£E(ring heat energy from one side of a housing

Fins are conventionally attached by one of two
methods. In one method, fins are brazed or soldered
to the interior and exterior surfaces of the
housing. In the second method, the housing is

10 separated into two sections by cutting along a plane
intersecting the housing. A fin structure is
interposed between the two housing sections and
brazed or soldered into place.

Two disadvantages to soldering or brazing fins

15 to the housing are the high cost and the tendency
brazing and soldering have to modify the
metallurgical properties of both the housing and the
fins. Disadvantages of interposing a fin structure
include the high costs and metallurgical effects,

20 and the possibility of leaks due to poor soldering
or brazing.

Therefore, the need exists for an effective
heat exchanger, and a method for forming the same,
on a Stirling cycle machine in particular, and

25 opposing sides of walls in general.



wall to the opposite side. The invention also 5 contenplates a nethod of
constructing the heat exchanger. In the preferred enbodi nent, the housing

wal | is tRgopRisgisng of a free piston Stirling cycle nepditisezBICch as a
cryocool er. The apparatus includes an inner ring that seats 10 against the

I nner surface of the housing. An outer ring seats against an outer surface
of the housing. The rings are positioned coaxially and aligned

| ongi tudinally on opposite sides of the housing wall, formng a thernal
energy conduction path from15 ring to ring. The rings al so support the

housing wall under theg)sBress suMirydopyThREeINVENISONE W thin the housing.
Heat transfer neans, preferably thin, highly thermally conductive fins,
are mounted to the Theo opysatagnsi des of theatr| neg:ghamgem nfer fins pronote

conducti on of heat rking gas within,the _hoysing to the inner
ring. The heat® T%nsc‘{?ﬁd”&f??h]aev? §H & r?&ﬁthé es?h BSB89t he outer
ring. The hea‘;,anfs] gge@_hgo%gqet% tdEe oubpr fi %n@ﬂ%ﬁt HeQo,25 renoved by
gas circul ating through gaps between t outer fins is gas is
envi ronment al edrMtenmplabes enbadthedt ofontemgdAictdngbuthecotkdral t ernati vely
be WO 01/18473 PCT/US00/21201 5 a fluid cool ant.
exchanger. In the preferred embodiment, the housing
wall is the housing of a free piston Stirling cycle
machine, such as a cryocooler.
The apparatus includes an inner ring that seats
10 against the inner surface of the housing. An outer
ring seats against an outeflsurface of the housing.
The rings are positioned coaxially and aligned
longitudinally on opposite sides of the housing
wall, forming a thermal energy conduction path from
15 ring to ring. The rings also support the housing
wall under the stress created by the pressure within
the housing.
Heat transfer means, preferably thin, highly
thermally conductive iins, are mounted to the
20 opposing sides of the rings. The inner fins promote
conduction of heat from the working gas within the
housing to the inner ring. The heat is conducted
through the housing sidewall to the outer ring. The
heat is then conducted to the outer fins and then
25 removed by gas circulating through gaps between the

outer fins. This gas is environmental air in the

embodiment contemplated, but could alternatively be



A-nmethod of form ng the apparatus conprises seating the inner ring against
the interior surface of the housing and then displacing it |ongitudinally

5 to a predegtermpned | ongitudinal position. The outer r i ted
agai nst the%t 4&%r surface of the housing and displacgggv%ﬁﬁﬁﬁﬁdinally

to the predeterm ned |ongitudinal position, preferably aligned with the
inner ring on the opposite side of 10 the sidewall. The relative
tenperatures of the rings can also be changed if desired. The heat
exchanger constructed has an interferénce fit between the abutting
surfaces of th rf'lfr&ga apgh dfre housing sidewall, thereby 15 preventing

rel ati ve novenent of the rings and the housing sidewall. Furthernore, the

hi gh-contact area bat weRRobhefr ifdgmiagdthbeappaisatiss Pésnprdgesan excel | ent
path for thermal energy conduction. There 1is no weakening of the

met al | urgi cal prepdingeshofin@rt hndagsiingt dike tiotevidersurgace brazi ng, and
in fact the heat_ exchanger strengtheps the housin There _is no need to

re-seal the housSh§PeiRRFIPE K thE™ ‘?’rﬁpé'taﬁbﬁgtlitoﬁgmi‘a‘ds’f’ra&&}'ure. 25 (g)
o e PO ST SRR 1 s TP IR e 1 @ o100

ring is seated against the exterior surface of the

housing and displaced longitudinally to the

predetermined longitudinal position, preferably

aligned with the inner ring on the opposite side of

10 the sidewall. The relative temperatures of the

rings can also be changed if desired.

The heat exchanger constructed has an

interference fit between the abutting surfaces of

the 1rings and the housing sidewall, thereby

15 preventing relative movement of the rings and the

housing sidewall. Furﬁhermore, the high-contact

area between the rings and the housing provides an

excellent path for thermal energy conduction. There

is no weakening of the metallurgical properties of

20 the housing due to soldering or brazing, and in fact

the heat exchanger strengthens the housing. There

is no need to re-seal the housing sidewall due to

interposition of a structure.

25 {g) BRIEF DESCRIPTION OF THE SEVERAL VIEWS
OF THE DRAWINGS

Fig. 1 is a side view in section illustrating



the preferred enbodi nent of the present invention on the preferred free
piston Stirling cycle cooler. Fig. 2is a side viewin section of a
schemat i cyblol4sig ation of the preferred heat exchanger pchubtotize 1 S a side
view in sectionillustrating the preferred heat exchanger and the rel evant
portion of the free piston Stirling cycle cryocooler of Fig. 1. Fig. 4 1is
an end view in partial section along 10 the line 4-4 of Fig. 3. Fig. 5is
a magnified side viewin section illustrating the preferred heat exchanger
and the relevant portion of the free piston Stirling cycle cryocool er of

Fig. 1. 15 Figfe Sréfildrladéfosiithetice¥s th ?EE&&:&D inkkhtsbs @&n ng al ternative
heat transfer neans. |In describing the preferred enbodi nent of the

i nventi on whi ¢hei préefémtsid fred pistdre stiabingscyclspeofier.term nol ogy wil |
be resorted to for the 20 sake of clarity. However, it is not intended that
the invention be | Figt &ipc tHidesPéey it seeE#eP IF aserlemaidcand it is to be

Whi hoper at 6 WAVRCEF TP intRer b AeSo RN F R d S84 1) o pur pose. For
exanpl eg the word gppnegtied DigigbeyiBwSiAN st ilheiel Gserf @l en used. They
are not Ilimted to direct connection but include connection

the preferred heat exchanger and the relevant

portion of the free piston Stirling cycle cryocooler

of Fig. 1.

Fig. 4 is an end view in partial section along
10 the line 4-4 of Fig. 3.

Fig. 5 is a magnified side view in section
illustrating the preferred heat exchanger and the
relevant portion of the free piston Sﬁirling cycle
cryocooler of Fig. 1.

15 Figs. 6 and 7 are end views in section
illustrating alternative heat transfer means.

In describing the preferred embodiment of the
invention which is illustrated in the drawings,
specific terminology will be resorted to for the

20 sake of clarity. However, it is not intended that
the invention be limited to the specific terms 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

25 similar purpose. For example, the word connected or
terms similar thereto are often used. They are not

limited to direct connection but include connection



WO 01/ 18473 PCT/ US00121201 7 through other el ements where such connection

is recognized as being equivalent by those skilled in
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The heat exchanger
invention MWPWHBEAR in Fig. 1 in a free piston Stirling EGEUSNIENY ocoo0l er
as wll becone apparent to one of ordinary skil

the invention can be used on any wall

12. However,

fromthe 10 description bel ow,

the art. 5 (h)
10 of the present

in the art

t hrough whi ch heat nust be transferred, such as pipes, vessels and ot her

structures. The cryocool er

a cylindrical

12 has a piston 14 that is slidably nounted in
passage defined b 15 the sidewall 18. A displacer 16 is

sl i dabl y mount edthypughc thedr | ekgmepiss aiergefsusdd egpnegsisnddwal | 19. The

piston 14 is driyvi
nmount ed. The anntf
changi ng, alterngtd ngtragnetic field is generated,

and therefore the linked piston 14, in a reciprocating notion.
gas, such as helium that is contained within the cryocooler 12 is

conpressed in

25 the conpression space 20 during a part of the

reci procati on cycl e db) t PRTARLEDORESIRIRTHONQY THE INVENTION
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The heat exchangexr 10 of the present invention
is shown in PFig. 1 in a free piston Stirling cycle
cryocooler 12. However, as will become apparent to
one of ordinary skill in the art £from the
description below, the invention can be used on any
wall through which heat must be transferred, such as
pipes, vessels and other structures.

The cryocooler 12 has a piston 14 that is
slidably mounted in a cylindrical passage defined by
the sidewall 18. A displacer 16 is slidably mounted
'in a cylindrical passage defined by the sidewall 19.
The piston 14 is drivingly linked to an annular ring
22 to which magnets are mounted. The annular ring
22 1is disposed within a gap in which a time-
changing, alternating magnetic field is generated,
driving the ring 22, and therefore the linked piston
14, in a reciprocating motion.

A working gas, such as helium, that is
contained within the cryocooler 12 is compressed in
the compression space 20 during a part of the
reciprocation cycle of the piston 14, thereby

raising the working gas temperature in the

Sy <5200 S aaTateRs o FeshapRi HNhi e g 11 e 20

driving the ring 22,

A wor ki ng



rai sing the working gas tenperature in the WO 01/18473 PCT/ USOQ 21201 8
conpressi on space 20. The heated worki ng gas passes over the internal

conponent heat exchanger 10 follow ng tHe arr gguksudisough
aperturesaqgﬁ?%pfthe housi ng 13. Sone of the heat that is absorbed 5 by the

I nternal conponents fromthe working gas is conducted to the external
conponents of the heat exchanger 10. Heat is renoved by anmbient air
passi ng over the external conponents of the heat exchanger 10. 10 The
cryocool er 12 punps heat according t& a known t her nodynam ¢ cycle fromthe

col d end. 26 whererebBfoNRbkEARHASTRENAASA OrkNify gggg;fa@és%son space 20

where the working gas is conpressed. The cold end the cryocool er 12

can thereby cesler the ibtextaiplcempgaseisisobxylpehent evobmmgs and | i quefy
the oxygen, electronic devices, superconductors and any other device
requi ri ng crydfefodloving thea RryowR) 15 ¢ ehprudh dpesturere bt efferred heat

exchanger 10, descri bed O-brj efly_apove and shown in nore detail in Figs
3, 4 and 5, i en%ﬁﬁ?éla? th °W§r§£r9$%§?%% f}agf 1fh3bs%¥k§/eo&cjool er 24 to
remove geat engr gyiof RPN WbbREnt §3Brdd) tHE wePRPAGSSAPNSPace in that
region. The cryocooler 12 has a sidewall 42 that is

conducted to the external components of the heat
exchanger 10. Heat is removed by ambient air
passing over the external components of the heat
exchanger 10.
10 The cryocooler 12 pumps heat according to a
known thermodynamic cycle from the cold end 26 where
the working gas expands, to the compression space 20
where the working gas is compressed. The cold end
26 of the cryococoler 12 can thereby cool, for
15 example, gaseous oxygen to condense and liquefy the
oxygen, electronic devices, superconductors and any
other device requiring cryogenic (less than 150K)
temperatures.
The preferred heat exchanger 10, described
20 briefly above and shown in more detail in Figs 3, 4
and 5, is mounted at the warmer region 24 of the
cryocooler 24 to remove heat energy from the working
gas in the compression space in that region.
The cryocooler 12 has a sidewall 42 that is
25 hermetically sealed to form a housing, only a
portion of which is shown in Figs. 3, 4 and 5. The

sidewall 42 has an interior surface 46 and an



25 hernetically sealed to forma housing,

only a portion of which is shown

in Figs. 3, 4 and S. The sidewall 42 has an interior surface 46 and an WD
01/ 18473 - PCT/US00/ 21201 9 exterior surface 48. The sidewall very thin

(appr oxi nmat &1
dianmeter is |arge,

because heat trans

i nner ring 32 |q

outwardly facing surface

M8 ),

and .around the conpression spacEC?W?mﬁgﬁglng

increasing the stress in the sidewall 42 nuch nore-
than an anmobunt 5 proportional to the increase in dianmeter. The heat
exchanger supports this sidewall 42 where support is nopst needed. Next to
t he heat exchanger thicker sidewalls @an be used as shown in Fig. 2,

fer

is.n a substantial _concern. 10 The heat exchanger
10 i ncl udes two SH&FRIC%I gﬁﬁg ; ﬁg ?5

P PRG3R ahd XRFBUEBFRring 34.

Ebk%téaé,efoeéamny CORP &hroufB8Nth &I ScieREi8n F adi al 1y

The

that, when positioned as shown in the heat 15

exchanger regi omspdte Ebaﬂﬁm@gﬁgnaiEMAMErlﬂééﬁh@& shefeaoAngbthé t he sidewal |

42. The heat exchan

ger

region 31 is the region of the housing sidewall

at which the i nrﬁéPfelsPngn@%%@Hélblﬁ?eﬁmchngow ‘éh@ app@ReBdEtin their
Bosltl n, sh own 1? H&gfhlnner ring 32
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neans
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has a radPal |y PYREPEH
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exchanger supports this sidewall 42 where support is
most needed. Next to the heat exchanger thicker
sidewalls can be used as shown in Fig. 2, because
heat transfer is not a substantial concern.

The heat exchanger 10 includes two main
elements: an inner ring 32 and an outer ring 34.
The imner ring 32 is a thick, preferably copper
annulus having a radially outwardly facing surface
36 that, when positioned as sghown in the heat
exchanger region 31, seats against the interior
surface 46 of the sidewall 42. The heat exchanger
region 31 is the region of the housing sidewall 42
at which the inner ring 32 and the outer ring 34 are
mounted in their preferred operable position shown
in Figs 3 and 5.

The inner ring 32 has a radially inwardly
facing surface 35 to which a heat transfer wmeans
mounts. A heat transfer means is defined, for the
purpose of the present invention, as a structure
that facilitates the transfer of heat from a fluid
to one of the rings or to one of the rings from a

fluid. The preferred heat transfer means is a



mounts. A heat transfer neans is defined, for the purpose of the present -

i nvention

as a structure 25 that facilitates the transfer

of heat froma

fluid towﬁggsg the rings or to one of the rings fro ?E,i]%domﬂl The

preferred

of radially extending fins 37 shown in

ransfer neans is a WO 01/18473 PCT/ USO

transfer.means include a thermally conductive tube, such as
nounted to the surface of the ring, nounted 5 within. the
which a fluid, such as water or another liquid or a gas, flows to transfer
heat energy tg;@faifiQM d1erddi1yPeiRne3ngf £3H6N 37alshekRatihves are shown
6 and 7. Another .alternative heat transfer neans includes a heat
Suchrag. 4. vexltdrangévei kest diransferamesns condodkel we material. The
fins 37 are preferably made froma thin copper strip that is pleated into
a plurality ofhepamll SANANCESVREYDLT oi FRFY 28 AcEIRPE I 4es

d . The i I '
The. i nner ri niouateh €y (el SRR o) kb BT B e

in Figs.
10 si nk,

y “brazi-ng or “sol deri ng.

01 10 plurality
Fig. 4. Alternative heat

a copper tube,
ring, through

at 15 opposite
surface 35 of
e fins 37

could be integighiy thet RensNNehrbhdld WRiOY hOrpThRd, enriaag and fins of
one piece of material, or by 20 formng a larger ring and cutting away

mat eri al
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to

water or another liquid or a gas, flows to transfer
heat energy to or from the ring. Examples of such
alternatives are shown in Figs. 6 and 7. Another
alternative heat transfer means includes a heat
sink, such as_a very large piece of thermally
conductive material.

The fins 37 are preferably made from a thin
copper strip that is pleated into a plurality of
panels with corners joining adjacent. panels at
opposite edges. The inner corners are mounted to
the inwardly facing surface 35 of the inner ring 32
by brazing or soldering. Alternatively, the fins 37
could be integral with the inner ring 32 by forming
the ring and fins of one piece of material, or by

forming a larger ring and cutting away material to

leave the ring and the fins.

Referring again to Fig. 5, the outer ring 34 is
a thick, preferably copper annulus having a radially
inwardly facing surface 38 that, when positiongg in
the heat exchanger region 31, seats against the
exterior surface 48 of the sidewall 42. The outer

ring 34 has a radially outwardly facing surface 33



| eave the ring and the fins. Referring again to Fig. 5, the outer

Is a thick, preferably copper annulus having a radially

surface 38 that, when positioned in 25 the heat exchanger i
FCyysapi

agai nst th&OUMBER| or surface 48 of the sidewal |l 42. Th
a radially outwardly facing surface 39 WD 01/18473 PCT/ U500/ 21201 11 to
which a plurality of radially extending fins 47 attach as shown in Fig. 4.
The fins 47 are preferably substantially simlar in structure to the fins
37 formed on the inner ring 32, and fdhction as 5 the preferred heat

transfer means nounted to the . oquter ri 4. The fins 47 arg | arger than

the fins 37. 1%t cgcﬁeﬂ%f??;%ﬁﬂ ﬁgtfgéggﬁibexEFﬁglﬁﬁ PRE 47 gring 32

and the outer ring 34 a5e g8un i'ﬁriﬁ{%. 1Q to bgingidisspiacedeal ong their
e

axes to their final positions in the

I nher

I nwardly facing

ring 34
31, seats ;
ing 34 has:

at exchanger region 31. The rings

32 and 34 are fpfeferpdiyidubBedntsaiiowtimbidein dedturgupeecashenbl ed with the

fins attached to the rings, and are subsequently forced into the

15

posi ti ons showtins pRafnmmed Phcthendaper Biggd3d2i Angdi SRR 86 the left in
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outer ring 34. The fins 47 are largexr than the fins
37.

In the schematic illustration of Fig. 2, the
inner ring 32 and the outer ring 34 are shown prior
to being displaced along their axes to their final
positions in the heat exchanger region 31. The
rings 32 and 34 are first positioned as shown after
being pre-assembled with the fins attached to the
rings, and are subsequently forced into the
positions shown in phantom.

The inner ring 32 is displaced to the left in
Fig. 2 to the position shown in phantom, and the
outer ring 34 is displaced to the right in Fig. 2 to
the position shown in phantom. The order of ring
displacement to the heat exchanger region 31 is not
critical. It is critiecal, however, that the rings
clampingly engage the sidewall 42 in a gap between
them to provide a suitable thermal conduction path
from the inner ring 32 to the outer ring 34. Such
a clamping engagement is assured when the rings and
sidewall have the dimensions described below. The

dimensions described ensure a tight interference fit



t he position shown in phantom The order of
heat exchanger region 31 is not critical. It is critical, however,

ring 20 di splacenent to the

t hat

the ringswo@hadipd N9l y engage the sidewall 42 in a gap ReiReRIzezhemto
provide a suitable thermal conduction path fromthe inner ring 32 to the .

outer ring 34. Such 25 a cl anpi ng engagenent
si dewal | have the di nensi ons described bel ow. The

ensure a tight interference fit WO 0lf 18473 PCT/ USO0L21201 12 that

I s assured when the rings and
di mensi ons descri bed

provides thermal conduction between the abutting surfaces of the sidewal |
42 and the ripast 33ravdasd. dRemRl S candubtesenCeatifecdPPrie mately 0.504

mm 5 in the dianmeter of the outwardly facing surface 36

32 and t he i nakndting ssirfpcesr bicbhe 3Bidswatlie 40uanrd theigridgs Thi s

difference forns an

t he si dewal |

The difference in gap

annular gap with a thickness of 0.252 nmif the
32 and 34 are3ﬁlaﬁﬁd9%ne inside the other. 10 The preferred thickness of

of the inner ring

rings
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ness an

NESsS” necessitates

def or magi on ofint RBei ADSfetdN®f Bhe bhowHHISF falcRbg3duri{tle Jedewal | 42 or a
15 conbi nation of sone or all structures to position the structures as
shown in Fig. of. théennemerimgB2 and the inwardly facing surface
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38 of the outer ring 34. This difference forms an
annular gap with a thickness of 0.252 mm if the
rings 32 and 34 are placed one inside the other.
The preferred thickness of the sidewall 42, which is
positioned in that gap, is approximately 0.3 mm.

The difference in gap thickness and sidewall 42
thickness necessitates deformation of the inner ring
32, the outer ring 34, the sidewall 42 or a
combination of some or all structures to position
the structures as shown in Fig. 5. The inner and
outer rings are preferably made of a ‘copper alloy
and the sidewall is made of stainless steel. Because
copper alloys are generally more prone to
deformation than stainless steel, the deformation
occurs primarily in the rings 32 and 34, and most
primarily in expansion of the inner diameter of the
outer ring 34. Alternatively, the rings 32 and 34
can be heated, cooled or a combination to create a
temperature difference to form a gap closer to or
larger than 0.3 nm.

During operation the inner ring 32 is



outer rings are preferably made of a 'copper alloy and the sidewall is
made of stainless steel. Because copper alloys are generally nore prone to
20 def ormat | on stainless steel, the deformation oc lLaarily in
the rings 3 éﬂégg , and nost primarily in expansion of #ﬁgﬂﬁ%%@? di anet er
of the outer ring 34. Alternatively, the rings 32 and 34 can be heated,
cooled or a conbination to create a 25 tenperature difference to forma gap
closer to or larger than 0.3 nmm During operation the inner ring 32 is WO
01/ 1$473 PCT/ USQ0/ 21201 13 nmmintai nedt®t a hi gher tenperature than the
outer ring 34, which. S . Lnner. t p t han t he
aln%aﬁ§€\% r? t%gﬁ%{%@ te;"gggaé&eb?/cht%ﬁe%ﬂg olRLE

outer ring 34. 'S 0 . expansi on I'nner ring 32 agai nst
the 5 mechani calyingwandl yhoéK ecdi@dst eheeifhet NG RPR! thl REpasd ensures a

cl anpi ng engagenent of the sidewall 42 wunder all contenplated conditions-
and supports themorsi dbmal thelduigai nstg tIe olfhwar diywakid edeadayas
conpressi on forces agai nst. the housing. 10 The stainless steel wall 42 has

the ability to SXBAPELARt PX heFhehap@ Br t hérgapddetd®éRSthethengs 32 and
34. Therefore, there can he | at.i .y | .00S it b epn;Qpe ring and
t he mall'g surfgfg.anﬁﬁﬁkagrgr%f ?ﬁgggg¥dtogc§ﬁ% Fé?‘g%%ghgfﬁgen t he

34 ensures a clamping engagement of the sidewall 42

under all contemplated conditions and supports the
sidewall 42 against the outwardly directed gas
compression forces against the housing.

10 The stainless steel wall 42 has the ability to
conform to the shape of the gap between the rings 32
and 34. Therefore, there can be a relatively loose
fit between one ring and the wall’s surface.
However, because of the smaller gap between the

15 facing surfaces of the rings, placing the second
ring in place will cause the wall to conform
essentially completely to the shape of the gap.
This creates a substantial amount of ring to wall
and wall to ring contact, providing excellent

20 thermal conduction.

The sidewall 42 shown in Fig. 5 can be the
preferred thickness of 0.3 mm because it is
supported by the rings 32 and 34. The pressure in
the compression space 20 increases cyclically during

25 operation of the cooler, creating significant stress
in the sidewall 42 surrounding the compression space

20. This stress could rupture a sidewall of the



15 facing surfaces of the rings, placing the second ring in place wll
cause the wall to conform essentially conpletely to the shape of the gap.

Thi s creaigroiasgybstantial amount of ring to wall and pegjdsedrAazdi N9
contact, providing excellent 20 thermal conduction. The sidewal |l 42 shown,

in Fig. 5 can be the preferred thickness of 0.3 nm because it is

supported by the rings 32 and 34. The pressure in the conpression space 20
i ncreases cyclically during 25 operafj on of the cooler, creating
significant stress in the sidewall 42 surrounding the conpression space

20. This strepsefendeall thitkhess i¥ dewrtte Glot BapPErOdd 184 ¢8ePCT/ US00/ 21201
14 preferred thickness if i-t were not supported by the outer ring 34. If

the sidewal | 22tewer &ipgide34-substfanthal [sidewpéker42 owenppamadet he stress, it

woul d not be as, effective at. .conducting heat out of 5 the conpression space
20. Therefore,suli’ﬁ%antﬂﬁr%yngik}l(??fefif tt%eg‘f?ﬁ’cﬁftsi HRSiaPErEss supfort ed by the

heat exchangeyodfs AV bdess e fiesic 3R 8¢ baAlANRR 106 nLaPi St Rer mal conduction
and strength. zs t he cryocgoler 15 ut?fiéﬁng tﬁegpre efﬁgﬁgglo heat

exchanger opethées cohipaésstorpungsded rognl he criedegdde?6 thet he war ner
region 24 by conpression and expansion of the working gas. The heat nust
be combination of the thin sidewall 42 supported by the
heat exchanger 10 provides a desirable balance of
rapid thermal conduction and strength.
As the cryocooler 12 utilizing the preferred
10 heat exchanger operates, heat is pumped from the
cold end 26 to the warmer region 24 by compression
and expansion of the working gas. The heat must be
transferred away from the working gas within the
compression space 20 of the cryocooler through the
15 heat exchanger to the environment. The fins 37 are
positioned in the flow path of the working gas which
is directed against the fins 37 by passing through
apertures 17 formed all around the housing 13 just
to the left of the leftward end of the sidewall 18
20 shown in Fig. 1. When the warmer working gas in the
cryocooler 12 flows through the gaps between the
fins 37 shown in Fig. 4, the gas transfers heat to
the fins 37 via convection, in which heated gas
molecules impinge upon the f£insg 37, conducting heat
25 to the fins during the brief moment of contact. The

working gas passes through the fins 37, into a

regenerator within the displacer 16 and toward the



transferred away fromthe working gas wwthin the conpression space 20 of
the cryocool er through the 15 heat exchanger to the environnent. The fins
37 are positli in the flow path of the working gas ' ' i rected
agai nst theb%*ﬂgggﬁ by passing through apertures 17 fo?ﬁ%@ggvkﬁgfound t he
housing 13 just to the left of the leftward end of the sidewall 18 20
shown in Fig. 1. Wien the warner working gas in the cryocooler 12 flows

t hrough the gaps between the fins 37 shown in Fig. 4, the gas transfers
heat to the fins 37 via convection, i which heated gas nol ecul es i npi nge
upon the fins 37, go00cld QbebEafr 23phAgkNe fins during the brief nonent of
contact. The mnrklng gas passes thrgugﬁ the fins 37, into a regenerator
within the displacerrdd ansht ovadhanber\W0101/ ¥843 PLT/ UpeOd211201 15 cold
end 26 where it expands. The heat exchanger 10 forns a thermal conduction
pat h t hat fl ows codduetidn "parlomthhd flower n®downbid 137 fingmt hehext ernal fins
47. The heat 5 i.s cqggyc,ed fromthe fins 37 tQ the cogler, inner ring 32.
Fromthe inner rPRETRS t 37 'Rt BenpBbePak fdre Vit cd8PePe dewal | 22

toward thg stillg ggﬁ&ﬁcte%t ont £RE Béns Fs'&'aééyhegg% 1by ggpducted to the

cool est part of "th eat exchanger, the fins 47. f nospheric gas
mol ecul es i npi ngiAg 3PONFidee theN$ndler ring 32, heat flows through

the even cooler sidewall 22 toward the still cooler

outer ring 34. Finally, heat is conducted to the

coolest part of the heat exchanger, the fins 47.

10 Atmospheric gas molecules impinging upon the fins 47

remove heat energy via convection, preferably to the

atmosphere. The heat exchanger could,

alternatively, be used to transfer heat energy into

a Stirling cycle cryocooier, for example at the

15 cooler end 26. Of course, the heat exchanger of the

present invention could also be used on Stirling

cycle engines, coolers and other non-Stirling cycle
machines.

Alternative heat transfer means are shown in

20 Fig. 6 and 7. The outer ring 134 and the inmer ring

132 of the heat exchanger 110 of Fig. 6 form an

interference fit with the sidewall 142 as in the

preferred embodiment. The outer ring 134 has a

fluid tube 140 that is mounted to the radially

25 outwardly facing surface of the outer ring 134 by

conventional mounting, such as soldering. The filuid

tube 142 is mounted to the radially inwardly facing



remove heat energy via convection, preferably to the atnosphere. The heat:
exchanger could, alternatively, be used to transfer heat energy into a
Stirling wyeleRryocooler, for exanple at the 15 cool epcfishosfres O course,
t he heat exchanger of the present invention could also be used on Stirling
cycl e engi nes, coolers and other non-Stirling cycle machines. Alternative
heat transfer neans are shown in 20 Fig. 6 and 7. The outer ring 134 and
the inner ring 132 of the heat exc?ﬁnger 110 of Fig. 6 forman
interference fit with the sidewall 2 as in the preferred enbodi nent. The
outer ring 13dmsed of | WHé t Bheed4Qibgat1is Bopund&t dneiblgiradially 25
outwardly facing surface of the outer ring 134 by conventional nounting,
such as sol dendurrinpheshthyias saldering.is nounted to the radially inwardly
facing WO 01/18473 PCTIUSQ0121201 16 surface of the inner ring 132 by
convent i onal nnuﬂ?@nﬁaué chiRR 47 FERPRGETTHREFY Fiod th§h&i®d2 transfers

{ranst ers heat 4 The H ard Tt et she G0 R PiEalompd” M0 Y 0

al ternativel yordifsfledsMBda8stpAERQIERuidM ihivhe! RRbEl 18, aghén the heat
exchanger 210 shown in Fig. 7 in which the rings 232 and 234 form an
tubes could, alternatively, be formed as passages

within the rings, as in the heat e#changer 210 shown
in Fig. 7 in which the rings 232 and 234 form an
interference fit with the sidewall 252. The fluid
10 passages 240 and 242 are formed within the rings 234
and 232, respectively, and fluid flows therethrough
to transfer heat from the fluid to a ring or to the
fluid from a ring.
While certain preferred embodiments of the
15 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.



interference fit with the sidewall 252. The fluid 10 passages 240 and 242
are formed within the rings 234 and 232, respectively, and fluid fl ows

t her et hr ough ransfer heat fromthe fluid to a ring fluid
fr.oma ringywﬁh? certain preferred enbodi nents of the ? pgégéht

i nvention have been disclosed in detail, it is to be understood that
various nodifications may be adopted wi thout departing fromthe spirit of
the invention or scope of-the following clains. - - ----------- ----- WO

01/ 18473 PCT/USOXx 11201 17 CLAIMS 1.17A heat exchanger nmounted to a wal |
having an interior surface and an exterior surface, the heat exchanger
conprising: (a) an annular, outer ring having a radially 5 outwardly
facing surface, the outer ring also having a radially inwardly facing
surface seated firmy against the exterior surface of the housing wall;
(b) a first heat transfer nmeans connected to the outer ring; 10 (c) an
annul ar, inner ring having a radially inwardly facing surface, the inner
ring also having a radially outwardly facing surface seated firmy
against the interior surface of the housing wall,

CLAIMS

1. A heat exchanger mounted to a wall having an
interior surface and an exterior surface, the heat
exchanger comprising:
{(a) an annular, outer ring having a radially
5 outwardly facing surface, the outer ring alsc having
a radially inwardly facing surface seated firmly
against the exterior surface of the housing wall;
{(b) a first heat transfer means connected to
the outer ring;
10 (c) an amular, inner ring having a radially
inwardly facing surface, the inner ring also having
a radially outwardly facing surface seated firmly
against the interior surface of the housing wall,
wherein the inner ring is aligned coaxially with the
15 outer ring at a predetermined heat exchanger region
of the wall; and
{(d) a second heat transfer means connected to

the inner ring.

0y gy



wherein the inner ring is aligned coaxially with the 15 outer ring at a
predeterm ned heat exchanger region of the wall; and (d) a second heat

transfer Wweanmeponnected to the inner ring. s ,~ VO Opetpdotizon
PCT/ USOQ 21201 18 2. A heat exchanger in accordance with claim1l, wherein

the wall is a housing for a free piston Stirling cycle machine. 5 3. A
heat exchanger in accordance with claiml1, wherein the first heat transfer
means is a plurality of radially exgending fins mounted to the radially
outwardly facing surface of the outér ring. 10 4. A heat exchanger in

accordance wigh claaiHgat, exehghgéd imeasasdaccbeatithr ansiwrireans is a
plurality of radially extending fins nounted to the radially inwardly

faci ng surf acthegfeimhdhenmally iimy.a 1BoBsing hEert axEhamgpistenaccordance with
claim1, wherein.the fi{st hegt transfer neans is a plurality of radially
outwardly extEridiigdr FRS #%to the radially outwardly facing surface
of the outer ring, and the second heat transfer neans is a plurality of 20
radially inwardly extending fins nounted to. the radially inwardly facing

surface of the i npemeatN@xchlngdy himt acocmEer wilhaetaidange with claim1,
wherein the first heat transfer means is a plurality
of radially extending fins mounted to the radially

outwardly facing surface of the outer ring.

10 4, A heat exchanger in accordance with claim 1,
wherein the second heat transfer mweans is a
plurality of radially extending fins mounted to the

radially inwardly facing surface of the inmer ring.

i5 5. A heat exchanger in accordance with claim 1,
wherein the first heat transfer means is a plurality
of radially outwardly extending fins mounted to the
radially outwardly facing surfape of the outer ring,
and the second heat transfer means is a plurality of

20 radially .inwardly extending fins mounted to the

radially inwardly facing surface of the inner ring.

6. A heat exchanger in accordance with claim 1,
wherein the first heat transfer means is a fluid

25 tube mounted to the outer ring.

—
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wherein the first heat transfer neans is a fluid 25 tube nounted to the
outer ring.. huh 11121111 112112111121111 11 M S WD 01118473 PCT/ USOCQx 21201
19 7. A heat ex hanger in accordance with claim1, wher H}%é@fl econd heat
transfer medM¥¥ 51 uid tube mounted to the inner ring. heat
exchanger in accordance with claim1, wherein the first heat transfer
nmeans is a fluid passage fornmed in the outer ring. 9. A heat exchanger in
accordance with claim11, 10 wherein the second heat transfer neans is a
fluid passage formed in the inner rind. 10 A heat exchanger in accordance

wth claiml1, ;;\her%r}leaQee&l gg{‘%e a{nta{ ]t[m%nre‘gns |§laiflwd 15 tube

nmounted to the outer ring, secon neané is afluid

tube mounted t oy fdiesinnee sébaﬂd Hdat Mﬁ@ff.eﬁxs&@me{suﬂ #aae dance with
claiml, 20 wherein the inner ring and the outer ring are netal. 12. A

heat exchanger tubeceontedce> wikehivher nrikdl. wherein the nmetal is copper.
25 13. A nethod of form ng a heat exchanger at a predeterm ned heat
exchanger region on a wall having

5 8. A heat exchanger in accordance with c¢laim 1,
wherein the first heat transfer means is a f£luid

passage formed in the outer ring.

9. A heat exchanger in accordance with claim 1,
10 wherein the second heat transfer means is a fluid

passage formed in the inner ring.

10. A heat exchanger in accordance with claim 1,
wherein the first heat transfer means is a fluid
15 tube mounted to the outer ring, and the second heat
transfer means is a fluid tube mounted to the inner

ring.

11. A heat exchanger in accordance with claim 1,

20 wherein the inner ring and the outer ring are metal.

12. A heat exchanger in accordance with claim 11,

wherein the metal is copper.
25 13. A method of forming a heat exchanger at a

predetermined heat exchanger region on a wall having

an interior surface and an exterior surface, the

.
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an interior surface and an exterior surface, the WO 01/18473 PCT/US00121201
20 nmethod conprising: (a) aligning a radially inwardly facing surface of

an annul ayyooaées ring coaxially with the exterior surdcgasoesdizéihe wal |,
the outer ring having 5 a connected heat transfer neans; (b) displacing

the outer ring along its axis wuntil the radially inwardly facing surface
seats against the exterior surface of the wall at the predeterm ned heat
exchanger region; 10 (c) aligning a{]oadi ally outwardly facing surface of
an annular, inner ring coaxially with the. interior surface of the wall,

t he i nner ringetitod npmpxisingiect ed heat transfer nmeans; and (d) displacing
the inner ring along its axis 15 until the radially outvvardly facing
surface seats agaf®ist alpgningerfor radidbice oinwandlyal Ifagtinghe

predet er mi ned_heat exchanger on .and on the  opposit de of the wall
as the outer PYHCT RéraB "E:‘FLQ%D HHSF Fé?%l‘fﬂaﬁfdagﬁ % EB8t ween t he

radial |y 20 oukmasly o42¢h88 SHthaChalP] éﬂeefheefrriﬂgﬂslg%ﬁﬁ the radially

inwardly facing surface of the outer ring imaccordance with
cl aim 183, whesetsnnddred heet trdigfies tleamdaced in a first direction, 25 and
the outer ring is displaced in a second,
(b) displacing the outer ring along its axis
until the radially inwardly facing surface seats
against the exterior surface of the wall at the
predetermined heat exchanger region;
10 (¢) aligning a radially outwardly facing
surface of an annular, inner :ing coaxially with the
interior surface of the wall, the inner ring having
a connected heat transfer means; and
(d) displacing the inner ring along its axis
15 until the radially outwardly facing surface seats
against the interior surface of the wall at the
predetermined heat exchanger region and on the
opposite side of the wall as the ocuter ring, thereby
clampingly retaining the wall between the radially

20 outwardly facing surface of the inner ring and the

radially inwardly facing surface of the outer ring.

14. A method in accordance with claim 13, wherein
the inner ring is displaced in a first direction,
25 and the outer ring is displaced in a second,

opposite direction.
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opposite direction. IIIL//0101T  ~111/100E MIE/~~1T1T/1 WO 01/18473
PCT/ USOO 21201 21 15. A nmethod in accordance with claim 13, further

conpri sing g‘;&ﬁhuw a tenperature difference between th@cﬁn&ﬂﬁlm

21
15. A method in accordance with claim 13, further
comprising creating a temperature difference between

the rings.




