HEAT EXCHANGER CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] This
application clains priority to U. S. Non-Provisional Patent Application No.
11/ 956, 1 802075997 ed " HEAT EXCHANGER', fil ed on Decenb@cTAB2008083459 whi ch
is herein incorporated by reference |n its entirety. BACKGROUND [0002] This
section is intended to introduce the rleader to various aspects of art that
may be related to various aspects of the present invention, which are
described and/or clainmed bel ow. This discussion is believed to be hel pf ul

in providing the reader with b E%)[\ﬂb tion to facilitate a better
under standi ng of the various a %B:?n;sent i nvention. Accordingly,
it should be understood that these statenents are to be read in this |ight,

and not as admi ssions of prior art. [0003] Conpressors often enploy a heat

exchangeCROS$ REFERENCETOcRELATEDARPIACATIONed fluid. As the fluid is
conpressed, the tenperature of the fluid typically rises. The tenperature

i ncrease odm\]vever This ﬁpﬂl@@tldlﬂélﬁﬁhé éhbﬁtytl@QﬁSSNdnT—Pfcﬁﬂ}W H1ent
effectlveness of the conpressor. Thus, to reduce the tenperature, the

conpr essAppliaaiion Ne 16/9%6, 130r entitied ‘HiALFXGHANGE By bieedr@feDech@@n] Certain

oar 1 cul b7 209 Ml Rrshe B R SERERRRLS RARES T sBEeR Gl . cool ea heat

exchangers. These devices renove heat froma higher tenperature fluid by
passi ng high tenperature fluid over a conduit carrying a | ower tenperature
i quid. BIMKGROUWNDool ant, however, can corrode the conduit, thereby

i npedi ng cool ed heat exchangers

| ter-
Ut and[%)g&e(r:?grg?é'S&?QF'O?|'§ﬁ5‘te’15§(‘f'i°dmr9ﬁjll‘§ﬁ JEaHeT 1 VArQys aanects

of art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0003] Compressors often employ a heat exchanger to lower the
temperature of a compressed fluid. As the fluid is compressed, the temperature
of the fluid typically rises. The temperature increase, however, is often
undesirable because it reduces the effectiveness of the compressor. Thus, to
reduce the temperature, the compressed fluid is often directed through a heat
exchanger.

[0004] Certain types of heat exchangers are expensive to maintain
because of corrosion. In particular, buildup from corrosion is known to affect
liquid-cooled heat exchangers. These devices remove heat from a higher
temperature fluid by passing high temperature fluid over a conduit carrying a
lower temperature liquid. The liquid coolant, however, can corrode the conduit,
thereby impeding the coolant’s flow. For example, some water-cooled heat
exchangers rust and deteriorate over time. Particularly susceptible to this
corrosion are water-in-shell designs, in which the hot compressed fluid flows



corrosion are water-in-shell designs, in which the hot conpressed fluid

fl owst hrough tubes that are inmmersed in water. The surrounding water is
typi cal | ywoizepase7i n a shell, thereby potentially expogcmgsténs/osired| and
exterior of the tubes to corrosion. This corrosion can precipitate

expensi ve mai nt enance procedures: in fone instances, the corroded part is
repl aced, re-machine, or cleaned chemcally. Each of these procedures
results j rio ti.me in ich the_ conpressar is not functioning and
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DRAW NGisB88&d |nT£‘§F1§II %Héréb&%teﬁt%ﬁ/‘e@%sm@%é%éll amath@sirages of the
present invention will become better understood when the follow ng detailed
descri pt iubgsite cceaalom tHhis epepeindcanrepipitacemsnsiMengamiendanags i n whi ch
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[ 0007] Fd:l@ané’d CBemidaly s Rehi MQhé@@Wc&Hed@Feﬂe%[mé fh preaoheﬂttm%mhanger

[ 0008] FIG is an expl oded view of the heat exchanger of FIG 2 ; [0009]
FIG 4 |‘Q’ 1y dh@@mmewrsae@t fupstioniag asvd adgsetd th ﬁqqfigoh@@!nt@%mmer of

FIG 2 ;. @ﬂ]e%]s i s anot her cl ose-up perspective view of the tubes in
t he heat ex nger of FI G 2, illustrating another way to connect the
tubes; [001 1] FIG 6 is a cross-section of the heat exchanger of FIG 2
installed in a conponent of the fluid-handling systemof FIG 1; [0012]

FIG 7 iBMEEQ@G&PV@NQENTHE BRAWNGSexanpl e of a heat exchanger and

[ 0013] ers ve view of athird e e eat exchanger .
beTA LeDU008ER pri EREX B abet 4 6 BRGNS A GEATNEGE SO T PSSRt {1 &
enbodi MeRtEn®dn WEo&EREE BbttbNYSMdrisfIddNvhén B following detailed description

is read with reference to the accompanying drawings in which like characters

represent like parts throughout the drawings, wherein:

[0006] FIG. 1 is a cross-section of an example of a fluid-handling system;
[0007] FIG. 2 is a perspective view of an example of a heat exchanger;
[0008] FIG. 3 is an exploded view of the heat exchanger of FIG. 2;
[0009] FIG. 4 is a close-up perspective view of tubes in the heat

exchanger of FIG. 2;

[0010] FIG. 5 is another close-up perspective view of the tubes in the heat
exchanger of FIG. 2, illustrating another way to connect the tubes;

[0011] FIG. 6 is a cross-section of the heat exchanger of FIG. 2 installed in

a component of the fluid-handling system of FIG. 1;

[0012] FIG. 7 is a perspective view of a second example of a heat
exchanger; and

[0013] FIG. 8 is a perspective view of a third example of a heat exchanger.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
[0014] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the



descri bed bel ow. These descri bed enbodi nents are only exenplary of

t hepresent invention. Additionally, in an effort to provide a concise
descri pt iwo 2069/07®3e exenpl ary enbodi nents, all featur e®CofUSamsAasi4aal

i npl enentation may not be described in the specification. It should be
appreciated that in the devel opnent of3 any such actual inplenentation, as
in any englneerlng or design project, numerous |nplenentat|on speC|f|c
deci si ons_rnus achj eve tEﬁ? devel opers ecific ?pgal s, such as
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that such a devel opiment effort m ght be conplex and tine consum ng, but

woul d nebedepefikeginibe spesificaen.ul sboulgkbe gppreciried grat in zhﬂlﬁl cat i on, and
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exchanger 14 that, in some enbodi ments, nmay alleviate sone of the problens

descr i bethecARypoPeraeshesiic @@éﬁaw@ramom@hm\mﬂbémstsm @atedfangt descri bi ng
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I ncl ude a source be conpriess on o conpr essed

fluid 18Moseavan] mehosldtbecap@@claaewttmtmtma db’&/eldpmemmmtmmghtmts t he
conpr essor y be a conpressor rranuf tured ersol | Rand of Davidson,
Nor t h Ca%m"@ %rt?rt'@ﬁr?g’ﬂét“ﬁ‘é“rgd%’ n%Yethﬁtfé guadﬁét '%HEQP“@WQ of

conpr ess ‘ASH (&=
corrpressgégg?’;ﬁgrlat%rgﬁyggﬁ%nu‘taﬁlel}rg%rfm'toﬁ%%?xaI &%1“”' h% kw%gé%%llt , and
t he 5CI | f this dihelo®ENTAC CV fani |y of conpressors (e.g., t he CVO, the Cv1
the CV1 A, and the CV2). [0016] In this enbodinment, in addition to the heat
exchangefooi4) the Et@rpr dlaswatetan exdmplesofanfluitiheindBdg sastetrps0r &am chamber

26, an inpelle a dovvnstream chanber 30, and an outlet 32. The
il lustr alﬂlggtratﬁpestys@n 10dae¢/pdasa compressor 12 having a heat exchanger 14 that

in some embodiments, may alleviate some of the problems described above.
The heat exchanger 14 is described below, after describing the other features of
the fluid-handling system 10. The system 10 may also include a source of fluid
to be compressed 16, a destination of compressed fluid 18, a coolant source 20,
and a motor 22. In some embodiments, the compressor may be a compressor
manufactured by Ingersoll Rand of Davidson, North Carolina (or some other
domestic or international facility), compressors such as, but not limited to, the
CENTAC Il family of compressors (e.g., the 1ACII, the 2CC, the 2ACII, the 2ClI,
the 3CII, and the 5CII) or the CENTAC CV family of compressors (e.g., the CVO0,
the CV1, the CV1A, and the CV2).

[0016] In this embodiment, in addition to the heat exchanger 14, the
compressor 12 includes an inlet 24, an upstream chamber 26, an impeller 28, a
downstream chamber 30, and an outlet 32. The illustrated inlet 24, upstream
chamber 26, impeller 28, downstream chamber 30, and heat exchanger 14 are
generally rotationally symmetric about a central axis 34 of the compressor 12.
The upstream chamber 26, in this embodiment, defines a generally right-circular
cylindrical volume that is generally concentric about the central axis 34, and the
downstream chamber 30 defines a generally annular volume that is generally



chanmber 26, inpeller 28, downstream chanber 30, and heat exchanger 14 are
generally rotationally symmetric about a central axis 34 of the conpressor
12. The wpetn@ztswhanber 26, in this enbodi nent, defi ne®Ca/usernsnsdssy
right-circular cylindrical volume that is generally concentric about the
central axis 34, and the downstream cHanber 30 defines a general |y annul ar
volunme that is generallyconcentric about the central axis 34 and is
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28 is configured to rotate about the central axis o conpress a fluid
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example, the source 16 may be the atmosphere, a pressure vessel, a reaction
vessel, a pipeline, or an outlet of another compressor. The fluid may be any of a
variety of types of fluids, including air and other process gasses, e.g., nitrogen or
methane. In some embodiments, the fluid may be characterized as factory air or
process air for driving one or more machines or processes in a manufacturing
line, e.g., a manufacturing line for making textiles, food, beverages, automobiles,
pharmaceuticals, chemicals, electronics, aerospace equipment, industrial gases,
petroleum products. Additionally, the fluid may be used for water treatment,
snow making, or power generation. Accordingly, the destination 18 may be a
pressure vessel, a reaction vessel, a pipeline, pneumatic devices, or an inlet of

another compressor.

[0018] In this embodiment, the coolant source 20 connects to the heat
exchanger 14 via a coolant inlet 40 and a coolant outlet 42. The coolant source
20 is configured to supply a cooling fluid, such as a liquid, to the heat exchanger
14. In some embodiments, the coolant source 20 supplies water, methanol,
ethylene glycol, propylene glycol, combinations thereof, or other coolants. The
temperature of the coolant entering the coolant inlet 40 may be substantially
below the temperature of the compressed fluid entering the heat exchanger 14.



pressure vessel, a reaction vessel, a pipeline, pneumatic devices, or an

I nl et of another conpressor. [0018] In this enbodi nent, the cool ant source
20 connecwe 2v@/a7h®7heat exchanger 14 via a cool ant i nl ePC2AIS2008/0834690! ant
outl et 42. The cool ant source 20 is configured to supply a cooling fluid,
such as a liquid, to the heat exchangé} 14 . In sonme enbodi nents, the

cool ant source 20 supplies water, nethanol, ethylene glycol, propylene
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The illustrated inpeller 28 a geared pinion connected indirectly to a notor
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fluid frowotdriie ceafigued6 detivempamasrisndtbly 700uhpl, rem)ves heat fromthe
fluid, renmoves noisture fromthe fluid, and then delivers the fluid to the

dest i nat jop20} 8. TOIrb@@ér@héHﬂ'tﬁe%%ﬂ#tﬁé@:ﬁ)r thecelvdisth filiievigorh thé Boereghl g he
inlet 24, and along the upstream chanber 26 to the inpeller 28. The fluid
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and conpresSe agal nat ser ter Teavin ser 36, the

fluid tuﬂfesflLB@fldwgmeamughttmmammwmiaama@m@GpstBéamtdharr&j@; 26eeehsi ng the
direction of fluid flow relative cgl fl ow t hrough the upstream

chanber '?féoe”?ﬁg%Jrﬂ?rféLﬁg@Hsﬁﬁ‘%f@aﬂm%@/&aqeﬁt theyEmpe/igr ifgdtveta, and the
heat exCchRroutward from the central axis 34, toward the diffuser 36. The fluid is then

slowed and compressed against the diffuser 36. After leaving the diffuser 36, the
fluid turns 90 degrees in the downstream chamber 30, thereby reversing the
direction of fluid flow relative to the fluid flow through the upstream chamber 26.
The compressed fluid flows into the heat exchanger 14, and the heat exchanger
14 removes heat energy from the compressed fluid by exchanging heat between
the compressed fluid and coolant from the coolant source 20, as described below
with reference to FIGS. 2-4. Next, the compressed, cooled fluid flows through
the moisture separator 38, which removes condensation that may have formed
as the fluid was cooled. After leaving the moisture separator 28, the compressed
fluid flows out through the outlet 32 to the destination 18.

[0021] FIGS. 2 and 3 illustrate details of the heat exchanger 14. FIG. 2
illustrates the heat exchanger 14 assembled, and FIG. 3 illustrates a partially
exploded view of the heat exchanger 14. In this embodiment, the heat
exchanger 14 includes a manifold 46, tube sets 48 and 50, headers 52 and 54,

gaskets 56 and 58, and a manifold cover 60.



14 renoves heat energy fromthe conpressed fluid by exchangi ng heat between
the conpressed fluid and cool ant fromthe coolant source 20, as described
bel ow wi tWoned%rsmce to FIGS. 2-4. Next, the conpressedpcCtask@d/ogiswdd fl ows
t hrough the noisture separator 38, whi ch removes condensation that may have
formed as the fluid was cool ed. After 8 eavi ng the noi sture separator 28,
the conpressed fluid flows out through the outlet 32 to the destination 18.

[0021] F ~-2 and,3 jllustra dtiI. thehe n 14. FIG 2
i |l ust rai@za he heff d@)‘?@ﬁ%&b&ﬁ@ @dedml ﬁ%ﬁ ?ll“? f€ates a
partial | Yos%Rt @Q@QOVH%\N:CSHIarﬁtWﬁJﬂé?QE 8%@'&3&9% 624 In thig etnlibo'ijn%@ﬁp%ém”t the
heat exchanger 14 includes a manifold 46, tube sets 48 and 50, headers 52

and 54, gafﬁaﬁzslsaamaﬁweﬁshamwdasrhlmmlrft@w Qfm@mnfcﬁ@lr[to@@z;ps@mpu cted by

FIG 3, e il | f e t t40 t he
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menber tial cdmrhdgisatihie withttRé icobladk wfl@trkl(f (&n@ th@tdbvmstﬂelaﬁi V@I@Fﬂev@zk e 66 and
a downstream vol unme 68. The upstream vol une direct fluid
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the manifold 46 incl udﬁs a plurality of holes that Ha e the downstream
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outlet 42, and t of the man 6. The nmni e nade
from al uﬂnemuularﬂtlalem@smescm@mm omltlebﬂa,eandatkmbxpﬂy aft thermaamifald¥é. The023] In
thi s enbodi the tube s ts 48 and 50 .i.ncl ud ur a ubes 76.
he i 1T oeenpRiie SRR A iRy St oA B ohRr bhiriale ong
curve atmgdende9 radii. Each of the tubes 76 in the tube sets 48 and 50 may
curve

[0023] In this embodiment, the tube sets 48 and 50 include a plurality of
tubes 76. The illustrated tubes 76 extend along a generally semicircular arc and
curve at varying radii. Each of the tubes 76 in the tube sets 48 and 50 may curve
around the central axis 34, so that the assembled heat exchanger 14 is generally
concentric about the central axis 34. The curvature of the tube sets 48 and 50
defines a central passage 77 of the heat exchanger 14. The tube sets 48 and 50
curve in opposite directions, forming generally opposing C-shapes, and are
generally symmetric. The tubes 76 may be made of copper, aluminum, or other
appropriate materials, and they may include a plurality of fins along their length,
as explained below with reference to FIG. 4. The interior of the tube set 48 is in
direct fluid communication with the downstream volume 68 of the manifold 46,
and the interior of the tube set 50 is in direct fluid communication with the
upstream volume 66 of the manifold 46. That is, the tube sets 48 and 50 connect

to opposite sides of the baffle 62.

[0024] The tube sets 48 and 50 are joined by the headers 52 and 54 and
the gasket 56. Each of these components 52, 56, and 54 has holes 78, 80, and
82 that are generally aligned with each other and the tube sets 48 and 50. In
some embodiments, the holes 78, 80, and 82 may be arranged in a hexagonal



around the central axis 34, so that the assenbl ed heat exchanger 14 is
generally concentric about the central axis 34. The curvature of the tube
sets 48 awm02@/d8997nes a central passage 77 of the heat pexalsargms34igl . The
tube sets 48 and 50 curve in opposite directions, form ng generally

opposi ng C-shapes, and are generally s7yrmetri c. The tubes 76 may be nade of
copper, alum num or other appropri ate materials, and they may include a

pIuraIit of fins n theiF1 ength, as exlalned bell wwth reference to
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tube set 50 is in direct conmuni cation wth the upstreamvol une 66 of
t he mani $olaee.48 thisieabadimenh genendllysfiat andgiefing Gmesalhhewroid yobsirsi t e si des
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hol es 78augtinumndr 8thel BpbraprRitg enrrenilsyadd trigasket 58 mag beahi@s frarfl t he
tube sets 48 and 50. In sone enbodi ments, the holes 78, 80, and 82 may be

ar r angedmetalasihedney Bod e Neepreng ok OHTGITs'ﬂ@tpr@W\'ﬁe matefidléy may be arranged
in a square lattice, with each of the rows and columms generally aligned.
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neoprene, or other appropriate materials. 5] The manifold cover 60 is
gener al | {6 §1 e betset HAe THeameniied coefs%bﬁgtfortrm@an iaNgteoBh Mt the hergebt her end

of the t E’?n urafp%nﬁwém é?)tto g@%glsrrent t he mani fold cover 60

|ncludesa holes nerally allgn with the tubes 76 in the
t ube set The ifal 60 f [i5 a0 anal e 84. wi,th the header 54
that my@%ﬁée fro i@%S?ﬂ%@ qgre DR B E R G280 chERLREERe 211y
flat andih@esigsabt theshagfolt @6c AARhRMEAbodiment, the gasket 58 includes an

aperture 86 that defines a generally cuboid volume. The gasket 58 may be made

from metal, silicone, polymer, or other appropriate materials.

[0027] When assembled, the heat exchanger 14 fits within a right-circular
cylindrical volume with a diameter 59. The diameter 59 may be selected with the
type of compressor 12 in mind. In various embodiments, the diameter 59 may be
between 12 and 30 inches, e.g., approximately 18 inches. In other embodiments,
though, the heat exchanger 14 may be configured to fit within volumes of a
different shape or size.

[0028] FIGS. 4 and 5 are close-up, cut-away, perspective views of the
manifold cover 60 and the tubes 76. As illustrated, each of the tubes 76 is
generally perpendicular to the surface of the manifold cover 60 near where the
tubes 76 are joined to the manifold cover 60. In the embodiment of FIG. 4, the
tubes 76 are joined to the manifold cover 60 by a joint 90 that may be welded or
soldered. Alternatively, or additionally, in the embodiment of FIG. 5, the tubes
are joined to the manifold cover 60 by a threaded coupling 92. The tubes 76 may
be similarly joined to the manifold 46 and the headers 52 and 54. The tubes 76



the sides of the manifold 46. In this enbodi nent, the gasket 58 includes an
aperture 86 that defines a generally cuboid volunme. The gasket 58 may be
made frorwoebelo75®7l i cone, pol yner, or other appropri at @CraSesisaBxs9 [ 0027]
When assenbl ed, the heat exchanger 14 fits within a right-circular
cylindrical volune with a dianeter 59.8 The dianeter 59 may be selected with
the type of conpressor 12 in mnd. In various enbodi nents, the dianeter 59
may be between 12 and proxinat?

0 inches, e.g. |y 18 {nches. th
erbod: meRlES kR ganerald Retae iRl byt SRR Bt WIPETEUPPE i hi n
vol unes 4§ afe ﬂiirﬁéc?fcﬁt’hb HEAIRSd U6 Sd the hEUURE 5BI4Adt 54 and 5 are cl ose-up,
cut -away, perspective views of the manifold cover 60 and the tubes 76. As
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of the | d cover near ere the tu are Jjoined to the manifold
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be simlarly joined to the manifold 46 and the headers 52 and 54. The tubes
76al so nagrhal vgetterl that iscggnatallcpepentisutdids éhe oemlsalenis 3head isher e t he
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fins 88 giffersManagedr theahs 88 rhay @é‘b@hi&eﬁﬂNﬁi%hii§ﬁoﬁt@§tﬂg%@€tﬂa‘t%§/h of the
tubes 76 and each define a generally annular volune 88 that is génerally

concent r plhepfeaiutendiseugsedrmereimaayin@s glserbe pdittechs 88 nay be characteri zed
by a normal vector 90 that is generally perpendicular to the central axis
34 and i D0$6her al | §FIG.dhigemcrass-sdeson whée Meat exchanper 14insialiatkinta, the fins

to supgest MpRAe e Ehui Pedy diadet it BEat B Bbel g oS SpBlidnb s ' et
the bonnet 94 includes a main air pipe 96 that separates the upstream chamber
26 from the downstream chamber 30. The main air pipe 96 may be made of
steel, stainless steel, bronze, brass, or other appropriate materials. As illustrated,
the heat exchanger 14 is disposed in the downstream chamber 30. The bonnet

94 may be made of cast iron, steel, or other appropriate materials.

[0031] In operation, the heat exchanger 14 removes thermal energy from
fluid flowing through the bonnet 94. Hot, compressed fluid flows into the bonnet
94, as illustrated by arrow 98. In some embodiments, the fluid is air at between
100 and 500 degrees Fahrenheit. The fluid flows between the fins 88 of the
tubes 76, and the fins 88 and the tubes 76 conduct heat away from the fluid. At
the same time, coolant flows through the tubes 76 to evacuate the heat removed
from the compressed fluid. The coolant may be water at between 50 and 150
degrees Fahrenheit, or some other temperature that is less than the temperature
of the fluid 100. The coolant flows in the coolant inlet 40, as indicated by arrow
100, and the baffle 62 generally blocks the coolant from flowing directly to the
coolant outlet 42. Instead, in this embodiment, the coolant flows through the
manifold cover 60 and into the tube set 50. While flowing through the tube set 50,
the coolant draws heat out of the tubes 76. When the coolant reaches the



[0030] FIG 6 is a cross-section of the heat exchanger 14 installed in a
conponent of the conpressor 12 referred to as a bonnet 94. In this
enbodi merwQ 20007809nnet 94 includes a main air pipe 96 tRaT/Gse@ansi4es t he
upstream chanber 26 fromthe downstream chanber 30. The main air pipe 96
may be nmade of steel, stainless steel 9 bronze, brass, or other appropriate
materials. As illustrated, the heat exchanger 14 is disposed in the

d t h 30...The b t 9 |,

ot her  appras o & RatSHYara ToBaes SPnobpeiad Pors e datiediamioer 14
renoves {Haeidiler St ghskeMshl Hhd thé AVLAS SN BAY SHtothe tirns&t 4 4Nekiot
conpressed fluid flows into the bonnet 94, as illustrated by arrow 98. In

some enbibdi catant flowsethfwgrdthestuae rsea 8 rac\iesTovesheah frosoils tépsels

Fins. oo anes Agvrisde BR e ibar Sk i e FRRIPDRS, APelcane
tine, COEPieacftiolérﬁtqmwdilﬁtQHQ&ob%tbub@M@ and anesoatsl s obireehgabagieoved from
the conpressed fluid. The cool ant nay be wat er at between 50 and 150

degr ees QGG SOUres 2@0#%3@'fnl¢eﬁmb@‘ﬁ'ﬁ@ﬁ’é$ dhe Cpﬁ@tnt sauIces2) ingludleshe
t t 0 N | et 40,
i ﬁgyg;?e%ﬁ@{/]gapé%\?v@g%ébggﬁ% ?ﬁcﬁggﬁﬁg%@%tvg%ner a llrpsyécg(socggﬂ thggoFant f rgrsn

f1 owi ng dimaespheye.t tn thesemmabedimenty, ltkee cddlant nelyesare-toolebiahdasbypcledent , t he
t hrough t he 60 and into the tube set 50. VWile

I fl fold
1(‘: logwlaztg P%@%ﬁugmmfaﬁ% NEQIB@& %Z%@bth&ﬁorﬂpnﬁﬁea@atd iKWs BRskiAg t ubes
76. V%enhéﬁmeemah Bty4 68 il tﬂﬂ gﬁ&gﬁhéﬁonhét dd, %‘Qﬁll&éﬁﬁé‘@g&tiﬁov@?g@sand

80, and 7 as t f|UId headér 54 sket 5
t he headand BRit trelcompeegsbe 1Rube set 48. Next, the coolant flows through the
tube set 48 and renoves heat fromits tubes 76 before fl ow ng back into the

downst r e032p! ume BBs@e tehebotimiehts, thelbeatrexthlahyger | henapobé aatiel kows out the
cool ant outlet 46 and, in some enbodlnents back to the coolant source 20.

I'n some BREHAINHBAR SONVARLIQNF ASRIONS o lRECEUSS the) EPQIGREISSePAREE TFRMMEN@xchanger
to exchapgsdient tREbYRSE 3R it edroastdithedoldi As a result, in some

embodiments, expensive operations to remove corrosion from the bonnet 94 may
be avoided. Further, in some embodiments, the heat exchanger 14 may be
relatively easy to clean. To clean the interior of the tube sets 48 and 50, the tube
set 50 may be separated from the tube set 48 by disconnecting the headers 52
and 54 and the manifold cover 60. The interior of the tubes 76 may then be
cleaned with a wire brush or chemicals. Alternatively, in some systems, the heat
exchanger 14 may be disposable, and when corroded, the heat exchanger 14
may be replaced with a new heat exchanger 14.

[0033] Several variants of the heat exchanger 14 are envisaged. The heat
exchanger 14 is referred to as a single-pass heat exchanger because coolant
passes only one time around the heat exchanger 14 before exiting. That s, in
the illustrated embodiment, the coolant does not flow through each tube set 48 or
50 multiple times. In other embodiments, though, the heat exchanger 14 may be
a multi-pass heat exchanger, and the coolant may flow through each tube set 48

and 50 multiple times before exiting.



at nosphere. In these enbodi nents, the coolant may be re-cool ed and recycl ed
back through the heat exchanger 14 . After the conpressed fluid flows past
t he heat wechemgs9714, it may flow through the bonnet 9#&CTams2é08lo8xi59 at ed by
arrow 104, and exit the conpressor 12. [0032] In sonme enbodi nents, the heat
exchanger 14 may be easier to maintai M0than conventional designs. Because
the coolant is separate fromthe bonnet 94, the bonnet 94 is not corroded

by the cgglagnt. As result, in sone enbodinments xpenpsi ve rations to
remove oI on’ 1T G RESEAITRG Sepskg g Riediel Ehands T4 Taee
embodi mem{;sirateBh i@ dkcRXdERNALrindihdBBY thBe set 41 6 \WakYa RR:Vol! 1.emn. To
clean the interior of the tube sets 48 and 50, the tube set 50 may be

separ at elhig empodineentubie kibe s€8 109 iglgsoeiaigcircuigr and is ninkrd 8t 6achhend 54 and

w th o wrectyERe afsturold 14y R fisutied Mt 718 uglRes ABRIB 6L & e
exchangedirdés xoylapetiftoage sediube &d 1eheTheribecstrd.16thgy begsineyedanger 14
may be replaced with a new heat exchanger 14 . [0033] Several variants of

t he heat MaRénlgiYewelting soldaiings fyeaded Reuplings, ex eHwh @oPrarriate jqiser red t o
as a singl e-pass heat exchanger because cool ant passes only one tine around
t he heat [%Eanger FiGa Shdtisiratesyd thirdgexamele of @ haai expeangerigtd. atlvd

1 pl conppbitferttfafis SRt b eped bR (At Al Wi Baler 12 mmy e

a mul ti - passsiteapbrientelangrapedthrifoRl 2@ ABtwitretheldtdr éMmbedherdacihet ube set
48 and 50 nmultiple tinmes before exiti n?.q[j.0034] FIG 7 illustrates a second
q di

exanpl e Yustiateednarifadd 21§dncladas a baifte {q digest caplant fergaugb ke iigeset114
i ncl ud t LRt R ' . the tub
ser 116 716, iRERMhoS 581 218 ey Baldifed i ik mainlley BRI BBRDGY'C | he®

mani f ol dthtd&ded beuplingesbtr athed appropiiakaljolrit. i ncl udes a baffle that directs
cool ant through the tube set 116. The tube set 116 nay be joined to the

[0036] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.



mani fol d by wel di ng, soldering, threaded couplings, or other appropriate
joints. [0035] FIG 8 illustrates a third exanple of a heat exchanger 2 14
. Thi s emvodoemantsodrncl udes a general |y U shaped tube setrCZ/ubB00anss3489
generally oppositely oriented U shaped manifold 2 18. As with the other
embodi nents, the illustrated manifol d1® 18 includes a baffle to direct

cool ant through the tube set 2 16, and the tube set 2 16 may be joined to
the mani fold by wel ding, soldering, threaded couplings, or other
appropriate joints. [0036] Wile the invention nmay be susceptible to

vari ous GhAlKIScati ons and alternative forns, specific enbodi ments have been

shown by way gf exanpl e in the drawi ngs and have been described in detail
her ei n.  Howeverheat £xehanfael A9 RIIS st ood that the invention is not intended

to be |t edabarifaf RBVROGHAIal ORISR obisCLaREM oGy the Tnvention is

to cover all noditication equi val ents, and alternatives falling wthin
the spirit andpiweliy abfiubdrewithigatioksluidly dehnaeigddy théendnifoldwheyeippended
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connect egohprddaer.meni fol d, wherein the plurality of tubes and the manifold
are configured to fit within a bonnet of a conpressor. 2. The heat
exchanger of claim1l1l, wherein the nmanifold conprises: a baffle; an upstream

vol ume oy one—g§) f .and i LT 4] ynication with the
cool ant ?'nl et Tﬁ%ﬂgagé)ééﬁggfgg%ﬁ{/@ﬂu%Jeh%é%'hatﬁgm%é'%slﬁ&iaéﬁlwg ‘e baffle and in
direct fluid goaffigication with the coolant outlet. 3. The heat exchanger
of claim1, wherein the manifold generally has the ,
an upstream volume on oné side of thé baffle and in direct fluid
communication with the coolant inlet; and
a downstream volume on another side of the baffle and in direct fluid

communication with the coolant outlet.

3. The heat exchanger of claim 1, wherein the manifold generally has the
shape of a right prism with a generally trapezoid base.

4. The heat exchanger of claim 1, wherein each tube among the plurality of
tubes has a longitudinal axis that is generally curved along a substantial portion
of its length.

5. The heat exchanger of claim 1, wherein each tube among the plurality of
tubes has a flow path that is generally curved in at least a sector of circle.

6. The heat exchanger of claim 1, wherein each tube among the plurality of
tubes is generally concentric about a main air pipe of the bonnet.

7. The heat exchanger of claim 1, wherein the plurality of tubes comprises:
a first tube set generally curved along a first C-shaped path and coupled
at one end to the manifold; and a second tube set generally curved along a



shape of a right prismwth a generally trapezoid base. 4 . The heat
exchanger of claim1l, wherein each tube anong the plurality of tubes has a
| ongi t udiwal2oexi7sosrhat is generally curved al ong a substPamitisadospsdsss on of
its length. 5. The heat exchanger of claim 1, wherein each tube anong the
plurality of tubes has a flow path thd€ is generally curved in at |east a
sector of circle. 6. The heat exchanger of claim1l, wherein each tube anong

the pluralit f tubes is neral |y concentric abou; in.air pipe of the
bonnt - eeorkCinoaPoE et AR Coup e st dhere e AT RN RS ubes
conpri segouled tHSAndtHBE ARG of BRNBYISAIUDE S8ty 8RR BhdBoflthe Sbcéng iared path
and coupled at one end to the manifold; and a second tube set generally

curved a$®lhg asecond C shaped path and coupled at one end to the nmanifold,
wherein a header couples the another end of the first tube set to another
end of the second tube set. 8 A nmethod conprising: receiving a gas at a

first prgssurg rhéthed@onsorgemgral |y cylindrical upstream passage;
conpressing the gas with an 1 npeller; flowi ng the conpressed gas through a
heat exchangefeCqidHbha A@SsiH %f'rgBWH@amtha@@,newib’rc‘éﬁ“ﬁd'ﬂ% UpsHeaBk changer
is di spogggs eound t he upstream passage, and wherein the heat exchanger
conpri se aaglrurality of tubes in which a coolant flows. 9. The nethod of
claim 8, wheresmpesssing thieegaswitiy ahbmpellem;al ity of tubes conprises a
plurality of fins that are generally parallel to a direction of flow of the
conpressed galOWREANgFOIMREe Q@Hﬁ%@éa.h%exwgﬁﬂww IB2ai m 8,

conpr i i geuh UM $alsBEE UWRERFFAS At &BNAHGE i8 SiddseaiodhgRsed upstream
of the heat exchanger.
upstream passage, and wherein the heat exchanger comprises a plurality of

tubes in which a coolant flows.

9. The method of claim 8, wherein each tube among the plurality of tubes
comprises a plurality of fins that are generally parallel to a direction of flow of the
compressed gas through the heat exchanger.

10.  The method of claim 8, comprising flowing the compressed gas through a
diffuser disposed upstream of the heat exchanger.

11.  The method of claim 8, comprising flowing the compressed gas through a
moisture separator disposed downstream from the heat exchanger.

12.  The method of claim 8, wherein the heat exchanger is configured to fit

within a generally annular volume defined by a bonnet and a main air pipe.
13.  The method of claim 8, wherein the coolant is water and the gas is air.
14.  The method of claim 8, comprising:

flowing coolant into an upstream volume of a manifold connected to the

plurality of tubes;



11. The method of claim@8, conprising flowing the conpressed gas through a
noi sture separator di sposed downstream fromthe heat exchanger. 12. The

met hod ofwol2aéam78997wher ei n t he heat exchanger is confi gecedse@sioBi4sni thin a
general ly annul ar vol une defined by a bonnet and a main air pipe. 13. The
met hod of claim8, wherein the cool ani3is water and the gas is air. 14 .
The met hod of claim8, corrpri sing: fl ovm' ng cool ant into an upstream vol une

of a mani fol d,conn ted ural of t s; fl he cool ant
through a fi r@qugﬁ@eggp WHH ﬁ@JF Eﬁe@'“ré?\&ﬁf ®he cool ant
through a heaﬂ’&&lnphﬁé c%@%?%réubﬁ% ﬁéafd%tr tﬁé’c%nﬁ%ts&ﬁeﬂw%ﬁ@@@eﬁ upg set of
the plurality of tubes; flow ng the coolant through the second tube set;

fl owi ng s¢eoNEdiubearset Oﬁtf‘@ pluthdiiinet b/l vol une of the manifol d; and flow ng

exchanger confiNLaE EORTBRolh it aecdid QoRERETL 1) of tabes that

extend al ong gowialhhhgeneraal into eUIARsstRIN vEIing BNtheahaAkold; ahdt he heat
exchanger; a manifold fluidly coupled to the tube set and conflgured to

coupl e to a clewiagtthe goetanhiroHgk etapkantqutleét | wherein the heat exchanger
has a central passage configured to fit around an air pipe of a conpressor.
16. The system of claim 15, conprising a header coupled to the tube set.

17. The s$yst eAnsybterh @omptiSingsherei n the header conprises a plurality of
hol es gener al I¥1 arranged in a hexagonal lattice. 18. The systemof claim15
conprising a @ ﬁﬁF @é@@”%&\?PH’@”&H‘Q nmpel | er and a bonnet, wherein the heat

exchanger and mai Ny gle B AbEsiNg BRRSEMty & thbes 'Pr?dl'é‘%&endlglonE*éepa?t}ﬁSt em of
claim 18 conpri sing
generally curved around a central axis of the heat exchanger;
a manifold fluidly coupled to the tube set and configured to couple
to a coolant inlet and a coolant outlet, wherein the heat exchanger has a central

passage configured to fit around an air pipe of a compressor.
16.  The system of claim 15, comprising a header coupled to the tube set.

17.  The system of claim 16, wherein the header comprises a plurality of holes

generally arranged in a hexagonal lattice.

18.  The system of claim 15 comprising a compressor having an impeller and a
bonnet, wherein the heat exchanger and main air pipe are disposed in the bonnet.

19.  The system of claim 18 comprising:

a fluid source fluidly coupled to an inlet of the compressor, wherein the
inlet is fluidly coupled to the main air pipe;

a motor mechanically coupled via a shaft to the impeller; and

a fluid destination fluidly coupled to a downstream side of the heat

exchanger.



a fluid source fluidly coupled to an inlet of the conpressor, wherein the
inlet is fluidly coupled to the main air pipe; a notor nechanically coupled
via a shavo 2@/a7b®7i npel l er; and a fluid destination fl ecalus2asopised to a
downstream si de of the heat exchanger.20. The system of claim 19, wherein
the fluid source, the fluid destinatidh, or both are another conpressor. 2
1. The systemof claim15, wherein the tube set and the manifold

bstantjal | ' i be. t tral iS. 22, \ . clai m 15,
anerein S + e SYRrgRl dam 15, BRI i llufisotice, YE AERAEBlnfs FLi g,
removi ngp@thiaatarXsdraddesreEs@m a bonnet of a conpressor; separating a first

tube set fromthe heat exchanger; and cleaning an interior of the first
tube set. 24. The method of claim 23, conprising separating a second tube

S R TR R e e I

exchangegutgtantisalyceliadicribgltied candalaaxgol ant outl et .
22.  The system of claim 15, wherein the tube set generally has a U shape.

23. A method, comprising:
removing a heat exchanger from a bonnet of a compressor;
separating a first tube set from the heat exchanger; and
cleaning an interior of the first tube set.

24.  The method of claim 23, comprising separating a second tube set from a
header coupled to the first tube set.

25.  The method of claim 23, wherein removing the heat exchanger comprises
decoupling the heat exchanger from a coolant inlet and a coolant outlet.



