HEAT Pl PE SYSTEM HAVI NG COVWON VAPCR RAI L CROSS REFERENCE TO RELATED

APPLI CATI ON [ 00011 This application clains priority to U S

appl i cat iwo 2bie$103@8/ 247, 707 and 13/ 247,714, each of whi ebTwsgoiRiokrads

Sept ember 28, 2011, and U.S. provisional application No. 61/436,076 filed
January 25, 2011, the entire contents of which are each hereby incorporated
by reference. FIELD OF | NVENTI ON [ 00021 The present invention rel ates
general Iy to passiygTERE $YSPEMHAORINGTOMMORPVA PR tR&l‘L arly to heat

pi pes, which are closed | oop systems using the high heat of

evapor ati on/ condensati on associated with a phase changing working fluid to

ef ficient ﬁm which require no or only

snmal | eneb&dﬁrsﬂlgﬁ ﬁhsD AP[%@@@ at pipes are closed | oop heat
exchanger s thatobehy OfhiapplRscorcdaRagprivtitdoOsKifidichlisti Ho.0 absorb heat by
evaporation and rel ease heat by condensation. A l'iquid worki n%fl uid (e.g.,

wat er, Fr é3a47.897 embl3/24kY 14, gaqkmfovhlzlewass ﬁleﬁt&?pm{)?&ﬁ@ﬁlmﬁ &n of a heat
pi pe usin t o the
condenserglboélr?S na?gpi%%c?ﬁio(eqﬂﬁe‘ /%%%507%&%1842 I |2s5 ggﬁld\é%g I{&lré V\%na{és:g%ng heat
into the emichrase@itherdblydndotiparaedensefdrdnte.t he condenser is returned to the
evaporator (e.g., by gravity, capillary action, punp, etc.) where it is
evapor at ed again In use the working fluid is continuously vaporized in the
evapor at ogyC Eﬂngheat pi pe and continuously condensed in the
condenser port| on of t he heat pipe such that heat is absorbed fromthe

envi ronnent by [DRe2@vafiwrpatwent 1ntzer&mfrehatee(gem@alﬂ§h‘e mssidensetranderd t hen

rel eased int.o the environ t he condenser. This process coqgls the
envi r onmetViSHRG FRF H@“lfﬁﬂ&tfb 5 Bivon e HEglose HOPSHIF PR ANERES

sur roundi H%hthlégt cﬁ‘%@ﬁ’ﬁd?%n/cdﬂﬁ@ﬁsaﬂbrpﬁﬁo&%d %‘th‘%?‘ Ha@@@llla)ﬁﬁﬁﬂc fdz&rkr% LhAd
transferring | arge anounts of heat and can operate with only a I|mted
di f f er ence® detwentraméertlagpematiots of hodt anthevheahapouiat wr oranmdy soaldemsgy

portions Pf he system Heat pipes also require no noving parts and
typical | ynrpB uire little or no maintenance.

BACKGROUND

[0003] Heat pipes are closed loop heat exchangers that rely on a phase
change of a working fluid to absorb heat by evaporation and release heat by
condensation. A liquid working fluid (e.g., water, Freon, or the like) is vaporized in
the evaporator portion of a heat pipe using heat absorbed from the environment. The
vapor flows into the condenser portion of the heat pipe where it is condensed,
releasing heat into the environment. Liquid condensed in the condenser is returned to
the evaporator (e.g., by gravity, capillary action, pump, etc.) where it is evaporated
again. In use the working fluid is continuously vaporized in the evaporator portion of
the heat pipe and continuously condensed in the condenser portion of the heat pipe
such that heat is absorbed from the environment by the evaporator, transferred to the
condenser, and then released into the environment by the condenser. This process
cools the environment surrounding the evaporator and heats the environment
surrounding the condenser. Heat pipes can be extremely efficient at transferring large
amounts of heat and can operate with only a limited difference between the
temperatures of the evaporator and condenser portions of the system. Heat pipes also

require no moving parts and typically require little or no maintenance.



[ 00041 One practical application for heat pipes is in

de-hum dification systens that pre-cool air in the inlet streamof a

cool i ng cwDI20(2¢108009 i n t he HVAC system for a conmerci al POT/USe&i2aeari$ al

buil ding) and re-heat the outlet air streamfromthe cooling coil. The heat

pi pe can be configqured.to extend from ope side of the coaling.coil to its
opposi te side §808ﬂé T afﬁ%]rci‘til%‘rﬁf begt e &s @%rh%d@g%lloq nl et stream

and the condens@ht ROChIOR: inhOMIdtREARBOS LoAiny @8 (BL., ihdedPPALCNg coil in
the cooling coil outlet stream For exanple, heat pipes can wap around the

si des andswtenoiara dolrandroipl af residentwmb bliildigg)cwidire-boatttheowlcapostiean figor t i on of
the heat pipe i.s in e.inlet stream and e condenser pgrti.gn of the heat
ipe 1o i MeifalBidho B prdaie Bratatbfiigt M taRRdE She CBRELRE The' cool t ng
coi |l al | owsolinBeonaelts Bepdsak kidt Qo aRUvapdi@toRbbrtiod iﬁin&h@@écflin%%ﬂ'iﬂlei ower
tenperature wthout using nuch if any additional energy. The overly cool ed
out put ai ptrent ehthe eeIACNERE PeYiINi ingn &hsi apppsita fidnofitbapealingyrotlie theondenser
portion o ootl&% cgﬁ%h%l Y} PRadY B STt leahgaqrsﬁ %%tcgtmv}(a C(%&Iu%(ftﬁggﬁr & Over
cooling the aFr I'n thi's nmahner I ncrease FRe™antdnt ol morsture condensed
from t he avdr thé topamttascdoting tevso thircoai@itatbnporaonbf thg hestifipe khn shedalbi nat i on
of heat pipe and cooling coil provides a |ow cost, |ow naintenance

dehuni di f P YKl thy sprdepser portion qfghghayt Bipg iHBAhe putisd streaam Fae-€00lH used to
recover heat,: MOV ¥ [ : HVAC system
during col aT\}\I/te?{agf}ﬁeer. I&%r&ggg%qng%la %g?g%lﬁ‘%e&)élgﬁ%g&e?tlﬂén%&? ed in the duct
syst em of signifidvAy loyst ementtkevitheat upnpmuel tfengsddinboaltenergadllod ni ng duct s,
one of which is Pel qlcg used to haust r mer. .stﬁal eh@alg1 frltl)mt e building
and the. oPKEM FRIGHEHIAE Sirsd o BersoeUne col B iNopnhsdied by the SOMFREE si de the

bui I di ng beribRSr MAfeaBypl §MentRAL cdh Rfab oW MperRRNSOvdrSoSARS Eed by
evaporation of the working fluid in the part of the heat pipe exposed to

t he exhausir irathas maenes irereases the ambentad ehoistnicatond¢nsed froothd enmsticdmons of t he
working flyd in th art..of t. heat .pipe exposed to the.inlet stream
Thus. " heatt o Pl 4R 3ohiiPer 4L Tl Ruhfn S O30S ' BPibeihus | 6 ng i s
used to ppRviRah l6WeogoRW milih&haRdedechwidificai@aRgstb@ss energy is required by
the heater of the HVAC systemto heat the fresh air to a confortable

tenperature. THEORBAt Hhappies san Peo brewicd tercaveriigeithetiwowddothichyisebe | i s
oper atingi.: her j f en 0 tivel.y. warm
inlet ai rlotsgm\r%gpans:é@gﬁyﬁlc%gﬁ%s%}}gfeg{ é%ﬂ%éotl d g’??tLgrUsﬁ:OI}]%&Pﬁzé’%ehg%ﬁ 6 epes to
recapt ur ecdielsd inftalded inhike daot Ry xhaf st HVAC oy demsatirdicaapige eeeadiititoe cool ness
fromthe cool exhaust in warm weather reduces the |oad on the heater and

cool i ng cBYe adipigi BefNGMeY Righ PeRfing wgd 3 cxhrastprasper stale air fremhss]  vari ous
I nproveneyt s i i r g be

doscr i bed t np®aldiEe Pl r Rhich 1F et PR B oo RO P P GBS7T one
aspect of buihbng tvibatH\okCisgsteamhdedt fpinpthe Wi dxdatst i queturerttbyudes a plurality

of conduits. Each ndui t . has .an evapor at.or, secti on extending | aterall
Pt o tEipoBiGn oL erkined yid B PRG T LB Tear bt SheSLEEn Fehaudh on
ext endi Ngah Pl lsBdrted th HRNB0B! HEGANDyRAARRGL ST thO R oHESP AL M €h it, and a

I
liquid return section. The liquid'return section for éach conduit is
connect edthedicatrpevapsedtoshe sdessiroam athug, s that wauldwalicrivissrbetlosé td i r st open

end and cgnnect ed he,..condenser sect.ion at . ositi.qn _away fromthe
Second opdh Gy PreRFUEBISIER nt et Rtef dfleCaR i PR iest it o
comuni cakh@py WrkduideyanR®h&sr JftiiicOMYAC Lstdn @Uticdt thetftekmais@schi on for flow
of liquid condensed in the condenser section to the evaporator section. The
liquid refeprabletempcrafratl he dgaitpiniear bpdesignadsodihenitheeootingsptl e 11 qui d
i o @ SRl ARG b 1€ (SRR fom HE AR R B R o8 T e
second opaihatartscool steRaihafst sial dsipg thedleht pip&fto camngtird Beas rovagho fmdirgar oduced

in the evaporator sections can flow fromthe first open ends through the
conmon vaporRupdRCceY weathst epg resayricospisns kamdhareal s5Raust BWHE! t hr ough t he
conduits. - ' [ ' transfer
system ad%vﬁ?%%r ﬁ‘e[c%l?&tg %ﬂl@‘?&é?@?ﬁg@ﬁ%ﬁtﬁﬁ dbéeago\}\%lg(r%loil%@ﬁa{d}l ?%réggrtﬁég(ﬁ%tsedi n a
ventil ati byntleyldVA&M. The system conprising a heat pipe. The heat pipe has a
plurality of conduits. Each conduit includes an evaporator section
extending laterally froma first open end of the respective conduit, a
condenser section extending laterally froma second open end of the
respective conduit, and a liquid returpn section. The liquid return section
for each conduit is connected to the aporator section at a position away
fromthe first open end and connected to the condenser section at a
position away fromthe second open end so the evaporator and condenser

. o o - o o o .



common vapor manifold to the second open ends wi thout flow ng through the
condui ts. [ 0009] Anot her aspect of the invention is a heat transfer
syst em adapterk/fae09t r ansferri ng heat between two di ffer eotr/usoc2o212m8 a
ventilation system The systemincludes a heat pipe. The heat pipe has

first and secon s of .conduits. Each_ set. of conduits includes a
plurality of céﬁaﬁgﬁ toélﬁ&FPH@VB@?%%thﬁé’élﬁr%‘ﬁg‘gaté’ﬂtfséff‘al&ﬁ‘&} adeendal |y
from one %@Bgﬁéscrlﬂ_&?m(m@gé{hﬂ&i Rhcliftonltelsiy. set are in generally

side-by-side relation with the conduits of the second set and spaced

| aterally fromthe condui ts of the second set. The heat pipe a first vapor
rranifoldg riAz{fgaleg at one end of the conduits of the first set,

anot her | Q’@Y’ opposite end of the conduits of the second set, and a
vapor passage gsbenqﬂ r@n&e@bwwt@nﬁvéﬂﬁoﬁhmHeangﬁ@unh@@éaw@e%dhﬁuewae | egs of
the first manifold. The vapor passage of the first vapor nmanifold extends
bet ween t hlrglity of capduits diah goryitshag fn gvigidtessesbon apiordieglatoralbifrerat ween t he

ori, o USSR Eo e ERFGAAL ot SR PURRSLY SBntneRl i condrt

any condukkecoatl opai éh(f(bﬂtﬁé reap@ttlseemltsaid @ﬁq@dtﬂ@hﬁ@cn&hahbaqmdpl pe has a
second vapor manifold conprising a Iee% at one end of the conduits of the
second sefcturgmgetiparfor %@hzspn@ﬁtw%@c{ R iy ORPYIRIT et et 3 Pofitiehe fir st
set, and Bjcation wth
the | egs gvyfﬁg&stgggﬁ%gﬁalﬁﬁﬁﬁg.c% %%v&é%gllrﬁe %d%gg%%ggéop I%&p econd vapor

mani f ol d ewxbtefids tbe‘seweeahopdsreetfdi soghe evapostaramnd cemdemsmsecimmchne irsflsid vapor can

fl ow between t he ends. f t he uits of.the first set apposi te
bnas of -t REMEBRGEITEN R ophruBaaRt LRI st Aes BB ol E@ﬂ ni f ol d

wi thout f E&Y&eﬁ&dtlﬂ 'ﬁfé‘&lﬂdé’r&%r SRS the 8¥a éy%?dt& deb i, T%@‘ﬁqﬁﬁ%ﬂ%% slioRf

condui ts. 10] O her objects and features will in part be apparent
and in paef atricashomlcqmdtnt iredigtinea froer the BRIEFCDESCRIATPGNOORT $HERCDRAW NGS
[0011] FIG

. erspective of on a heat pipe; [0012]
Fre b 1 st TR dBH MBRRk frhal po A o PR mRy efulititen B Sin L0 H o
si de el evaid @Acriifind bhawb&athe FirR@nWiéddna opeH éﬂc@ra)feﬁchaofcs@mgﬂmﬁh@r&ken away to
show a phase changi ng working fluid; [0014] FIG is aleft side

el evat i onciduithao Fenrs pogecodi ip HicaevBpYTRIos Seqions casoieiv fonhihe sy oaeRy to show
the phas ee&ﬂatﬂ@ugg tﬁ’gocroﬁln[{'cgl Jlelpldlr gfamfold to the second open ends without flowing

through the conduits.

[0008] Another aspect of the invention is a heat transfer system adapted
for transferring heat between two different ducts in a ventilation system. The system
comprising a heat pipe. The heat pipe has a plurality of conduits. Each conduit
includes an evaporator section extending laterally from a first open end of the
respective conduit, a condenser section extending laterally from a second open end of
the respective conduit, and a liquid return section. The liquid return section for each
conduit is connected to the evaporator section at a position away from the first open
end and connected to the condenser section at a position away from the second open
end so the evaporator and condenser section are in fluid communication with one
another through the liquid return section for flow of liquid condensed in the condenser
section to the evaporator section. The liquid return section of at least one conduit is
distinct from the liquid return section of another of the conduits. The heat pipe
includes a common vapor manifold in fluid communication with and extending
between the first and second open ends of each of said plurality of conduits so vapors

produced in the evaporator sections can flow from the first open ends through the



[0015] FIG 5 is atop plan view of the heat pipe in conbination with a
cooling coil; [0016] FIG 6 is perspective of one enbodi nent a heat
pi pe nestwo 20i2toBi9anot her heat pi pe; [ 0017] FI GPCT/US3012/0pR2AS pECt i Ve
of a heat pipe having a common vapor manifold configured to wap around the

side of a cooling coil;. 0018] FlI 8.is erspective of a heat

pi pe havi ﬁﬁn@%agmﬁra%m@é%m taﬁéécaﬂai Og?ihﬁ’gﬁ%ﬂlogta@?‘p’&ﬁéﬁeb}ﬂ? ﬁ@ur ed to doubl e
back on tphsiwglves; [0019] FIG 9 is a perspective of another enbodi ment of
a heat pipe; [0020] FIG 10 is a perspective of a systemincluding a
plurality of hd&@pOpi pesnother aspect pOIBR ifveRti@h iskihcastranspesypentadymedf t he

oy Sttt O R e Do THOSBRG' S, 12

duct syst giRlks @Reddpfffe. TUS h&MTpipe has first and second sets of conduits. Each set of
conduits includes a plurality of conduits extending between open ends and spaced
vertically from one another. The conduits of the first set are in generally side-by-side
relation with the conduits of the second set and spaced laterally from the conduits of
the second set. The heat pipe a first vapor manifold comprising a leg at one end of the
conduits of the first set, another leg at an opposite end of the conduits of the second
set, and a vapor passage extending between and in fluid communication with the legs
of the first manifold. The vapor passage of the first vapor manifold extends between
the first and second sets of conduits so vapor can flow between the ends of the
conduits of the first set and the opposite ends of the conduits of the second set through
the first vapor manifold without flowing through any conduits of said first and second
set of conduits. The heat pipe has a second vapor manifold comprising a leg at one
end of the conduits of the second set, another leg at an opposite end of the conduits of
the first set, and a vapor passage extending between and in fluid communication with
the legs of the second manifold. The vapor passage of the second vapor manifold
extends between the first and second sets of conduits so vapor can flow between the
ends of the conduits of the first set and the opposite ends of the conduits of the second
set through the second vapor manifold without flowing through any conduits of said
first and second set of conduits.

[0010] Other objects and features will in part be apparent and in part

pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is aperspective of one embodiment of a heat pipe;
[0012] FIG. 2 is front elevation of the heat pipe;
[0013] FIG. 3 is aright side elevation of the heat pipe with a portion of a
conduit broken away to show a phase changing working fluid;
[0014] FIG. 4 is a left side elevation of the heat pipe with a portion of a

conduit broken away to show the phase changing working fluid;



[0023] FIG 13 is a perspective of another enbodi nent of a heat pipe; [0024
] FIG 14 is a top plan view of a set of heat pipes including the heat pipe
i Il ustratwo 20re/168@9 13; [0025] FIG 14A is a topPprars2vmzeo2o$

anot her enbodi nent of set of heat pipes including the heat pipe illustrated

in Fig. 13; an 0026] | FI 15 is. a schematic illustrating a system
havi ng t he set ?BPlﬁéatFIh' 8é%l foR Ig?lb‘.’le"l’f ihshicat Pigg 17 ePPRBAARY - st em on an
HVAC syst gfBling coil; [ 0027] Corresponding reference characters indicate
correspondi ng parts throughout the drawi ngs. DETAI LED DESCRI PTI ON

[0028] Referrihi§oLél]Filgs. 6 is Erspeaeveoiodiombotlinoént a heetgtippngecd wigner al | y
desi gnat ed %gl, includes a plurality of conduits 103 contai ning a worKking
fluid (e.&@f %&Fgw?p%reon or another refrigerant), sone of which exists as
a vapor V and soo®7¢f Ml ¢hs @gé@e%ﬁa@oﬁahéawipé Having$ doblrbst vapoed in Figs. 3
and 4. Each of the conduits 103 includes an evaporator section 105

ext endi ngmaatfeldgon{icyred n wrrpowernddhel sidopf aroelhg @dndui t and a condenser
section 109 ex [Wals) ter . . . condui t.
Zach of he condtPl 4Bt it Pl AReh e bRl E L e pliO, o G o
liquid L eshemidsedr bsttibhecandigdedse dosige backonlBS8mbelvéshe evaporat or secti on
105. [ 002 9] As illustrated in the drawings, the liquid return
section 113 fol0Qa@h ddFddilt? pespgctive phinothes gmbadinkdt alapeit Atsi section 105
at a position r it he . Lpon. For
Sxaml o the | oaEd!r angr a0 LoRF ROy Shush e YRR AL BLSF T
evapor at opipsecti on 105 at an end of the evaporator section opposite the
open end 107. The_.liqui turn section. 113 is so connected.to the
obndenser sect 1012308 HE- A bthrnoatuay it soite ALNGpER o 10i or 1 ne
condenser fggetlirfe- 9., at an end of the condenser section opposite the

open end 111 of the condenser section) so the evaporator section 105 and
condenser sectil6f281 dd6h12ormihema03ilasteating the sistbne ofbngsi 0aanidon with one

anot her thr.o he respective.liguid.return section. The liquid return
secti on 1T%nggﬁﬁbnﬁgﬁngéﬂﬁmE8ﬁﬁﬁﬁﬁb%5§y$§nﬂistinct fromthe liquid return
section of anofbep3¢f HiGE1% 'r@;&cti&esofidnbu&té@b@dimehmfﬂmrrﬁibe; each
conduit 103 has its own liquid return section 113, nmeaning the |iquid

return secti on[PBR4éadHGe bt topipdandview ioh e setiof igatirmeesiingjudige thethgeh secti ons
of all the. gt tSa. [ 00 3 0] The evaporator sections 105,
condenserngégﬁéﬁgagggkig%ﬁ liquid return sections 113 are each suitably
substanti al |y goo0abghtFiSet4A ans topfpliheicwaspacthevenisaitshttof 383 hahtt hough

this is not required to practice the invention. The sections 105, 109, 113
can be coﬁﬁ@%ﬁﬁgmﬁ$ﬂéﬁ caf pyterlpstipésdig Fag-dg: egr ee el bow connector or ot her

sui table conneghghe THaGeeH {chorhfe R ird| QR ARLEHe Wt dpgeeli Ng
singl e segnent of pipe to produce the various sSections 105, 109, 113 of the
condui t. Tpipes avidpoldinetallskntthodsct spSenfontandd € AQdwystes:. 103 suitably have a
hori zontal ori §B§§HOQ3 At | east g gort'on of.tge condenser. section 109 for
each conduit 1 at-UHSE? to] 'egc;krérracﬁeﬁa}ﬁ RS CRTTERPRRSIBE PBTS ¢ he

evapor at ofh§§hbliORe 40RviREs. t he respective conduit 103. For exanple, as
illustrated in Fig. 2, the open end 111 of the condenser section 109 is
suitably at an el evati on above the el evation of the open end 107 of the
evaporat o i ch of the conduits 103. The condenser sections
109 are iE%ﬁ?ﬁ%gﬂﬁgégégbghFﬁgm1ﬂuﬂr open ends 111 so gravity assists flow
of liquid L condeng¢d Rdferring t6 BRIMENSesnss@tiddancit@tamdatpise, lgbfthigy ret urn

section 113. The liquid return sections 113 can suitably have an
ori ent at i B¢pignatadi d dingbdeama plurslitn af eduits Hekernrinige ervakgerbod foet he

evapor at o i . N BUNVESY 7 i ~cthe liquid

return seg??%ﬂ%%§Q§”%§§m§t gégﬁgﬁgpﬁé(ﬁg&ﬁggﬁﬁgggg%ﬁﬁ%ﬁéfa%ﬁﬁgkéggree of

i ncli nat i omidhrexésmyasaef liduie Lyayillosteatg@bintEg0B ahbd. Eqohdifithe ddhduits 1Gi t abl y

relatively i about 1 percent sl p%). Mor eover, conduits that do
ol Thim

light (e.qg.,
not have %fﬂdgf» BipevaRPEeti seHion e xtngiis 1a £ 8PSTRAGNEO7 o the
conduit and a condenser section 109 extending laterally from another open end 111 of
the conduit. Each of the conduits also includes a liquid return section 113 for flow of

liquid L condensed in the condenser section 109 to the evaporator section 105.



[ 0031] Al though the enbodinment illustrated in the drawi ngs has a
configuration in which gravity drives or assists flow of condensed |iquid L
t hrough twie 2heat3@ppe 101 to the evaporator sections 10BCTas2@ens2ds | i quid
can be returned to the evaporator portion of a heat pipe w thout any
gravity a55|stan nd/ or, aga raV|t sing. various int al w cking
features and/ ot ﬁ%ﬁi ‘&Sn%]\‘zhsf%t %‘P Qraéf‘ﬂ?gsl’ [ﬂj& qg‘qu@rﬁﬁ?Ctthﬁég‘fr e&\é\fbar ting
from the sGRRG 198 if EGnkA¥E RS the I3vap01rat01r secliQPPH at'%cspds oH%Wa?‘tﬁ%% iR Figs. 1-5,
the conduits 103 are suitably generally U shaped ‘and have a substantially
hori zont abpemanérﬂthtqf thre. eviaporptar séatiohalror exheplti fhiediqentreturn sedtiondd 3 én bet ween
t he hi ghest rt of the conduit 103 ,_.at opepjngs 111 in t.he

1 ust P B RtsaRrad P GRS Pt dioneed fir B SR REMESRanrol BefSs

evapor at oppsRft tie fp&@%ndllﬂd'/ Ahedquidvetu@P stkiea s 13 &7lsd Sonhibdté@R) the NO nmor e t han
about 10 percent of the overall length of the conduit, neaning the conduit
has a s ubgqrmtlseamﬂondw Abmpeditie 3wt Hemske opanend dAdof ths cpogensete ar r anged
so they a ced v rd I in Fig. 1.
For exanp%%ngﬁﬁagcgﬁ’ 5 3(%§§ﬂ%ﬁ¥§U Sﬁéﬁﬁegééme%ﬁéig{fépgﬁe on top of
t he ot her c@mehiwyece@ﬁhsmvevmratdm&n@xanOihrﬁift@medlséowcpdsm of cashen vi ewed
fromthe top, .as_illustrated in Fig. 5. The conduits 103 may lie dlrectly
on top of COKWitdNS keI fhHd Pmnwaﬁa%@n with 0@% ﬁ%ﬂﬂl?f thigugh ﬂ@dﬁ%p&ettWWM t he
bottom of , forCPRAH Nt fadip n. In the
|Ilustrate nE&é)nen? hﬁ%&%&eFQC(ﬂg U|ts 1%§Ba?% ?%%%%%%lbﬁn spaced
relation ﬁbmﬂlohqulanetmhesecamdof anmsdlee)of emcbondmtﬂ Aahllhystrb‘etiy\ﬁeeaxa:rﬂqﬂe condui ts.

Referring t Fig” t one set of élns 121.|s onnecte t.o e evaporator
secti ons 458 RARLOLERAAG HHd v 3esian Loemanape ﬂw IgpicbRetTat from t he
e”V'rO””Eanoﬁﬁﬁﬁﬁﬁﬁc&ﬁ%uQ§dmhﬂﬁﬁ%%ﬁhb%qﬁﬁﬂ@ﬁﬁﬁ@%ﬁbﬁs&hﬁhﬁ@%ﬁﬁﬂser sections

109 of the conduit to facilitate rel ease of heat to the environnent. The
fins 121, carBitare suitably |arge thin netal plates that extend continuously

e eers or 1 n0ushT N uRdtabh sy 1 G0 en S gt RET R b " e "

entire | epgid seétidnbe 1 BYRRALALEfabSLibbasal B Kerapihet sccObACHRE r@psdivens 109.
Only sone of the fins 121, 123 are shown in Fig. 1 to show the conduits

better. TRenduitgQpdalthengh Hissao! wayirad ® ppesics tssinsentioal The sactiensof03% i ns t o
linmt h | t

1L el N3TSLEbe RARUEER of B MBNIEL DL L ool L6 Lol 15 sect | ons
so the evajtbii@nnsee! Toesorkis aOEcqnﬂs lalsb badshnad yrtendinde sifgla space 131

for receiving a épollng coil 135 and t he condenser sections are
f

posi t i onedFedHNt laﬁﬁsblérpfi%cesthﬁ@ar&uStSﬁ%w@ﬁé% 10Pnl i ¢f thecondyd. ‘et pi pe 101
I's i11]ust E@%%f’at&&e&%ﬂ%‘l'@%%% Whlfesd 030l thi) h Ah&%nﬁa‘%ﬂéﬂw B AtC00l I ng
systent). e cooling coll IS conventio except t %eat pi pes
101 and nkest ayartideoftds condeeskr section! 109tfoataehl CDlTIﬂlIﬂte]t(Bilk at ahhdewatiski | | ed in

the art 0 e t.he oling coil 135 | i tably. part

Convont i oY BB elioRpERS eyabeoretoHbbeh e iR i BEM I R ect i ons
105 of t hgohgaph, %ﬂﬁ@&m@@hd Fi%tlz\/tﬁé ¥ Jnoé'n@[' an o@&ﬁeaabnaéns@m@%m@mssectl ons
di sposed in the path of air inconing ?o t he evaporator of the cooling

syst em f opuifgbly-a@olciavgtien aboyethoy @evaﬁloapf theeepemend he7 efthpovapomator The
condenser s cti the col l ectivel,y for array of
condenser 5% 8?ﬂ§ﬂgném§b%g%ﬁc?$ gogfﬁwcgp mﬁSV%@ﬁ?%%ﬁ?6¥eFﬁgh%ﬂaporator of
the cool i Bgwsysiderarh efeid peheadd ng s@\/g%ﬁxh%r SoRIsFdwab T liduad B coRd@esdinur e t hat

n

is suitable for the occupants of a buil cool ed by the cooling system
[0034] Thihecondiseisseeam @W@r%ihliethamdyem&ﬁc pn d &3 ke 1e8hy sepdieRdwW t ubi ng.
For exanp r than 1
ncht uby g HOPLEO0LE i SRk LR BcR Ao ¥ BHE G B B0 BT by o
| arger t ha®|9 b/ tRe bmplorattmtﬁeatgomri@s cﬂlrthe iluseaed embe&nimt iedevef the liguidg no
| arger than 3/8 [{nch_tubin ustrﬁﬁed in Fi g e _.evapar at or

e paf’

secti ons &qﬁ@néﬁﬁw@éAééﬁgeeﬁug%léﬁﬂarb@ﬂz@y aF erthfanbe Pwe lulwéwntl% one
anot her apd, émg%grl§ds%98Fth%%9£@§{1®fls 1@&&}%‘1‘&&@@&%11?“@% L% baf,ti east about

2 feet, nore suitably at |east ut 4 eet still tably in the
range of abroertt skbpep Mdyeoner 1@®nfleitt thatadvdna thavd anyorlepesuie wathinythe brdade r ange of
about 6 to abo t. The length Li of the liquid return sections 113 of
t he condu?%@eogl?d?$§@P9'about equal to the distance DI. The evaporator and
condenser sections 105, 109 are suitably about equal in |length. Each of the
evapor at or and condenser sections 105, 109 has a length L2 suitably in the
range of about 25 to about 150 inches,” nore suitably in the range of about
50 to about 125 inches, and still nore suitably in the range of about 75 to
about 100 inches, with each of the fore90|ng Iengths belng SU|tabIe mhen

o I r oA ~ "



[0 0 3 6] The heat pipe 101 al so has a comon vapor manifold 151 in fluid
comuni cation with the open ends 107, 111 of each of said plurality of

condui t s WO20mr3@at endi ng bet ween the open ends of thePcons$edR22e08 vapor s
V produced in the evaporator sections 105 can flow fromthe open ends 107

of the evaporatqr ctjons 105 through the co vapor nifold to open
ends 111 of t nd083RerisBroueh drs i diden v%ﬁ?feﬁ@ﬁﬁ%ﬁ%@h_ the
condui ts. c&iﬁfg%%h?%ntiﬂ%zh\@pﬁﬁvi& Ges LRI B bPBoRAGANRAII Bagbians 109

wi thout flowing through the conduit, there is nuch less resistance to flow
of |i qui dtherheat nihe 1 ¢btedbaseposat scotmmnst1fS 1 dvadensap binaidaan be cttinmnd tal05

because cqunterfl.ow of. vapo nd ligquid L in the conduits 103.i reatl
educed ofaviRaY atiof A e fine vl ot kb B a0 dorgghi Pt erent
confi gur agiene uwjng RhRoush BteRia0 deckeEOREt s dnb®r MO kh®n tohhodd dkilsddr at ed, the
common vapor manifold 151 is an inverted U shaped conduit having a

gener al | yinhe pghtithophgenegingrfrora gheiwgpe of the vealions upri ght condenser | eg

155, and a gen hor i tal. r ) ; nnect i t egs to
one anothergsoﬁpgégyaﬁgg?%QQF%#Eﬁﬁgﬁéﬁﬁﬁ%ﬁ |gH&§;Qﬁ£8E§ﬁ%%ggIggﬁergugh t he
vapor passagapcdiiiel lewvapgaubdtattiallg odizehtdRdichfados dn@eniealar,| tkgditebenae e

suitably substantially straight (egg., vertical) sections of tubing. The
vapor pas 8agjevation beiyvegn &hy Helsshrirhal tha cpgdudt 103 (gigt aberanings 144 1 thsi ng havi ng
t he sane dj : I . e por passage
of the i FATSEEmBSaRREY (Rlthe Bipu iAo fid ARER & 85 ol RaR AR

conf i gur af 0Dasl/ara thiexogehninge 107 tiksuntabhyendomoadthsc afpeit 30 ptiventiaflent i on. The

vapor passage, 157 c be connected to the.legs 153, 155 of. t he vapor
mani fol o S b tp e caou oo MR G BT oS e 3
connect i ngrERAH. TRE BbARAL Y03 8reirREb& & tﬁ%ear‘%fs?%dlég'v?gicﬁﬂﬁ i/ KRNt into an

inverted U-shape to formthe common vapor manii 1 wthin the scope of
t he i nvenanasher, as illustrat¢d)i@d7g. ITher exapiphg thoeondhis t&harosuivabhostackedi f ol d 151

sui tably has di anet er at .is larger .than the di ter qf. the conduits
105, “as” i ARG FhebBRotisD e MefRhct BRG ErisB Thir-d hdiahau: 1 s 303
can be mad@ch FRWME fon theho®las AhBtrhfee in ERPPETh doRidhigs VI3 they Libgiré@Rnon vapor
mani fold 151 is made fromlarger dianmeter 5/ 8 inch or 0.5 inch copper

t ubi ng, respwafiopelapotheioinehefop afleac eprrdst is Ereandashvith|thwbeffaamobf t he vapor

mani f ol d scri t he same or

smal | er t%%%h§ﬂ§n%$%§§ﬁ@ghgﬁgﬁgF&Q%gﬁﬂg?gg&gﬁgﬁﬁgggﬁh§6§B§Athin t he scope

of the i nuabbddigrent, hbweseraths condiflie 88 ard-ctaheddnpphiced scldttdd fastd of@ni f ol d 151

are not requjred to have a%%rq?rticular cross sectional shape within the
VegHC

broad scop!Bir aAdins fYiend lly betweery igp ggndutiel gpainedn s 1omoret phe
evapor at o, § ¢£f fsgeﬁn&% t? @l?enex’a@&g}#r REHYERES 8 @E chiditt 293 & fatcnﬁatﬁam fold
151. The open ends 111 of the condenser sections 109 open into the
condenser absegptibhofdtattfiven terinfobwimdB1Andthett deeof fihukt3riatedheerrodileent , t he

evapor ator | 153 of mon, vapaor .mani fol d 1 extends.to a position
Chapor 2t b borkehsar acay 1Y e AT TR HeilTRRut ReR qiage SN U SN meaor { he
evapor at ofrh§ 664 'mnazi@ﬁe suﬁ%lggﬁ‘(%_gﬂﬁﬁfrneHP?la@&thit%&%naQQnt%&ﬂohﬁ?} y extends a

di stance HL (Fig. 3) above t i ghest of the open ends 107 of the
evapor at obctygen thereondws. 10Biskelwihgethe chedutis nteeleadded i the $ink.ehesktstdie conmon

vapor mani.fo extends. to si.tion that .is higher.in.elevation than

! hehi gnebp® b trd o §hR e kO REFE sHETebARL e3P REn 6l 1505 “The vapor
passage lovapeaidiaetisonsd0sRad eyaRas@kedtions J0d ThilptorddofiheVimbilon @gove t he

hi ghest of the open ends 107 of the evaporator sections 105 and connects to
t he condefsshovadn Figs ! 4o show diesopdyivibctdiovidet waidvichhe sectiops { hbatspen ends
111 of th i.QnS - . ikl ustrated
embodi ment S SRS it SEEl BT i e RV RE MARnA Rl tDuld ' OF' e
gener al | yrduphisz@ivnaland éreduivirend@3. An opening 137 (Fig. 1) for receiving

the cooling coil 135 as it slides relative to the heat pipe 101.into the
space 131 is fdPRBA]pethrdisat Ripe 19 bysutaply ca Egué?f’dsolfﬁﬁéYaPPF?éor\f“&ﬁ%‘?nSpassage
157 of theoyaRGsitBRid S she diidist d Hod | fiUiof rdBRildY SRENERBT 1338rigf s\t he
conduits 103, ?%g’connnn &%por naﬁﬁ?old fSECis g%%taﬁl% substgﬁgiglly free
of fins tand thaicondematr sectams fasr pdsetoned nn theeopipesite e thd dpaandnthhe 5,

envi ronnment .except . at. the evaporator and condenser s i ons 105, 109.

00307 iy TR Bo A gl esried g om SgRON it MOBIRE it b3 MEEBAt i ng coi | and
is cooled. Meanwhile, the evaporator sections 105 of the heat pipe 101 are
exposed to the relatively warmair flqyﬁng into the cooling coil 135,
represented in Fig. 5 by arrows A Heat fromthe warminlet air is absorbed
by the fins 121 and evaporator sections 105. This process cools the air
before it reaches the cooling coil 135. The absorbed heat causes |iquid

o v o o o o, o o o o o, - " o o A~ s o o



wi t hout the heat pipe 101. Moreover, the heat pipe dehumdifies the air
with little or no additional energy consunption. [0 0O 4 1] Because
t he conmowiovapa3wani f ol d 151 al | ows vapors evapor at ed POTIUS@012W23208 at Or
sections to flow to the condenser sections through the vapor nanifold,
there is |ess resistance to flow liquid L through the conduits 103 to
the evapor@PBpe §>é%?m§_2§helwhaaa0@ fas b q%gwré@galr%gﬁ_ dariBe hEg oD vapor V
to the copdens@mobBSlLeRBedlA11RaRASE defaill TRodeakalel Ve RRSEHFE Oof counter

fl owing vapor and liquid in any section of the heat pipe 101. This

i ncr easesrdachgnigptedoalingnrilchB Sviapatably partiof 4 epuiventionf| awsortdiayuigh t he heat
pi pe 101 and therepb | l.ows the heat . pi 1 to performefficiently even
then the Sgyh (o iatngDn By v aa s 8o e rRafiey S Teshieng e

i nner di arRbedn SfaytdTRvaenstbl §cetibss diglodéd mehy pSAwF hir_(il‘ib_oﬂlin% asthgdescri bed
above). Moreover, the heat pipe 101 can performefficiently with a

rel at i vel gvapevpterditecasfingsy e dorfnrercaolimair bofarept arrivenet tihavagerasdr. wor ki ng
fluid can ' ' f _ahqut - t t ut 60 percent,
rore sai ¢ A0 o SSrofy 0Fof AR8E MR boustnRE £E s GaTBE! cent, Phor <
sui tably tendeherkeunigas dfspededtn thtimrsicénindieadldtic SQppatogenthe and stil |
nore suitably in the range of about 20 percent to about. 30 percent. In

ot her exafRldg systad fPivicehating avirhagaeledralt e tempeAtrhtat §rouissde fqribs ch t hose
skilled i @bk a Wiildi b2 BedhdB f liquid through the tubing by
capillaryeg%?%6%§ %ﬁ%i%ﬁéagﬁggg% 8?b§o${$§g lTuid can suitably be in the
range of about [R03p&r cBrtcohduisshid3tarStuipblyceade ofrelnevduildmaplayron t he range

of about 20.percent t bout 45 rcent, re.suitably in the range of
about 25 BRIBSRET Pomit gre hydses DEE Sutans ShisPoudaitiasr o0 The range
of “about Zphighide RRE @@i’f‘aﬁfbly & %Qg&@hafnui?g Mhttmhg,gh&% SWRSUES nb B E&ThM th a

slightly larger charge of working fluid conpared to tubing that is snmooth
on the i n&iideh tubsngandtdarin symampiseshe mhde efitabige noflarger thiumgy Sfiheli bing. sui t abl y

| ess than ,about 4Q.percen still more suitably |ess than ahqut 35 percent,
and st At Bl Sl sSerypiBpBulds 300 Sep &l A SRRt Prea T
the art Kp@WraltynRrddwéncainotRaa@Bspased ffemWak ahbthed bywdikiafge DI wiadig | i qui d +
vapor) in the sgsten1expressed as a percentage of the weight of l|iquid
phase wor i lagpt abantd feetamorgoiitably hisrsttagpyt 4 fept, stilheorqsustablorinylest ighee of t he
heat pipe | . Larger. I L§i ed above
may be o2l R ERL T RRE i P Sl AR bSO JAOREE (PRER Y T

per f or manéet.oThd leegthdatofhPBquil fctc@msebitors qu B waktlentontwitscio Byiesdly sbvat heat

pi pe having significantly npre expensive |arger dianeter tubing for the
conduits aqial? feg distange E’%hifgwapetﬂtw@d&?n%% skefiqns 0, 109tar¢ 8U1{3Rler st ood
the inpro b i I I gt t he heat
pi pes mﬁtﬁﬁgﬁg&clgf%gg%fﬁa%} ﬁﬁ%&?%gﬁgﬁfggfgs %%%F?ﬁ%&ég%ggﬁﬁaggscribed
above wi t kagth Id:patabiyng the mngd dtabeotetoatbotthEd 0 invtesnt more. suitably in theO 0 4 2

]
As illustrated.in Fi.g. 1, system 101 can incl.ude_ a valv 61 jnstalled
"5 the- cofin oG AR Simtost 423 R CRlRP LGP SRR 408 apor
t hrough t Reafe@MENinKRROitHRAH & tHe ,fowgaony%aieﬁgma- Bdinj; Suisdbiid RRbyiheoveabl e
(e.g., manually or via an electronic control systém not shown) between

first andceutondreopadedtomd: ek itubiiegdf wrgeh tubivag 1s ek, ¢ha lengths eanibeel y | ess
resistance to ﬂ%OM/of v%P@r throu%p.the.COﬁnqg Vapor . nifold 151 in the
first posiTBIeY @ chmorg “hPHC AR st YEURT AP BRIV y nore resi stance
to flow of vapgooBByougk dvaailldefgiRof MRERAw paRiHeheh the chRtisa09Mdnposi ti on
(e.g., afully closed position). Thus, the valve 8royi des the ability to
adj ust t htheeppdensermpeneg klhethsgnehdhs sandanssr pcgped Vhdiguid 1eirna e4tioas f i ci ency
for bette 1 i £ i t ; ro et fici V. t may be
desi r abl eﬁ%%%ggg%%ogdt{;ﬁgeg& O\i/\(&t%ﬁ%éé%%ﬁ) rogﬂlﬁ(grfo tre{ng[g? Pgilisesﬁlfg)fa/mﬁéﬁg& hem the air
f1 ow ng i of ébouh80 héetinabsutedaaches, medratsuitadly irdthy raipd of @seutd@ehoim di fi cati on
is desired. The valve 161 i s _optional. A$thou h the valve illustrated in
Fig. 1 is2kpurantifichss goss stikdbygithe ipaps el ahout 1Q0 9pberist>daches: MP1el of t en be

desi rabl eglLipHSH tﬁ@ra‘ﬁg@gf £t £ ﬂoléabﬁﬁﬂ"'izg%gl%g, MRl Mf 1 etsilﬁl;?ab‘éﬁln%ﬁeca” be

oper at ed ?rom a renot osition (e.g., processor). sired the
val ve 161rangnobebquod$@ iooabmbt 200amclmasewoh endr & theltir¢goommlengthebangng posi ti ons

internedi at.e,the first and secon ositio e.qd,, an.infinite n er of
et T o Bl Eainh? oD RSB BERVE R e Bt i e & BATDS T o
provi de greater control over the amount of fluid flow ng through the common
vapor manifold 151. g



[0O0O4 3] Figure 6 illustrates another enbodi nent of a heat pipe system
general ly designated 101'. This system 101" includes nultiple heat pipes
101 nest eslot2oppetob@p so they work in tandem In Fig. 6, Phers2@rze212m heat
pi pes 101 in the system 101' and each of the two heat pipes is exactly the
sanme as the heat pipe 101 in Fig. 1 except one of. the heat pipes._is
slightly Eaeres teq tpyispiltebo f%%&ﬁnﬂwéqdﬁl;? HiAR ST HERof | i's
under st oogh thigl o GOHbY pRfhs T £hdah e i D€ 8] inPh RSN AShRM i 119get her wi t hout
departing fromthe scope of the invention. The system 1Qi'_ operates in a
manner t hatbingsis sisdsk thertngihd gantivangamed azent meresysghatredi@ticheingng. 1, except

it o e meaveppgas 8 o GHE r ARl b Mo ARE I JRGRSE, 01 "7
i 11 ustrat epim)efchfernbadh GeHe Rfw Falthqabugﬂ e coNEL8M3 goneal | y designated

101". This heat pipe is substantially identical to the heat g]is;)e 101
i | | ust r at eehdepscrpgening, tepghthcpondensepectinel (e iguigirparm getiom s, 4an¢ ormon

vapor rai y .h . n~ eonf.l.qur t fromthe
top of thévai)\géaﬁ%rrsggt\édrn ﬁ)eg#%&{ag&t%ﬁoz%g g%&g; OZ Ses%%)t%gélﬁgleerr%f%got@ggmal ong a
pat h t hat 16®inch&stotabeut\308hages maskoitblpin thheangendubdus 200dhchédeor di ngly, a
portion of the comon vapor manifold 151" is on_ the sane side of the heat
pi pe 101" abaut§p0 mehey, aphatilf mogp suitgblyyin gie repge ofjabapiP0dnehes e ghaut 48 113 of
t he condui . 1 i e W : " extends
fromthe %‘%%e%% §taﬁ§®g{/§6gﬁj g{ g\%h%ﬁé%&fggl%é? g/rz]% dhanﬁggggggﬁma%\elo av;%g‘rﬁat or
section 1@ngthlafgh Aow ehthrthromeb theosohdGits ianditabdynoheths engs e€ bbart 120&chos t he

uppernmost cqondujit.. The vapor .passage 157" is configured so it waps around
the. sane. 1 BBUbOG HENSOBPI Sy B0y I F5393 ofiiBoRioTRiarEes © F91e 180 'ows ¢ he heat
Pi pe 157" idcBed8nd Sl AblEdi@bI9 U thel Mo CHALLMII Xifthes I3 RNt KO Athed, @4 T NG the
vapor rail 151", and in particular the vapor passage 157" thereof, to be
passed oveill mieee suapblyfin theerangrodf abguicsh incheFho sbar 0 echde A sibll amothicor

l e, wh h | 1,35 i | i | 1.ed 1o} [
oul 0 pr e aREP e B [P ireted T b Y 1OV PRy B R or “The

enbodi nenpvdrhll Usighadfak flowpadh thlougH elic dohduitPi sQitatilith BOGAHghGf et t 0 wrap
the conduits 103 around the sides of the cooling coil during installation
of the hed? inshpeto abpet Heiaghgsi Jécastsisubstantiadtyrmersdo inkekFhgat prpesaiingl so be

ted w . . t DI - . toth
oot g1 1478 ey g | Bes WA Rl RESigh} @ [PALSD (AP RTIBMRL0 O
heat pi peuseghaemalldsy didastcymatiggthhOdoes nosresiilk insdn @taectptablyFingfficdent Thi s heat

pi pe 101" is substantially identical to the heat pipe 101 jl]ustrated in
Fig. 1 exE@éplpgsBHb@@&ﬁpmw@ﬂe%éaﬁcfléecib@f@ncﬁantaﬁpémﬁ@aﬁ ths ¢ficiepay K av e

evapor at ofqq gﬁ}eh AR hikH e %:Hfén%ﬂgﬁ)? e 1e§§ﬁ§ AR GahORrs JARL %;%PRA garpack on
t hensel ves sO the open ends 107", 111" are at t?’le sanme end of the system as
t he |i qui Gomethoserlisseictbova withinthekcdpeef dendwirtten. The overal | shape of the

conduits 103" i t qf .a hari tal .U wth the doubl ck evapor at or
and condenser é@B%Einsﬂf&WPlﬁ%@P?l& H?%CQIWBO%?’MHW@E%P laﬁﬁ‘l‘fﬁe li quid
return segdhAngicddeh witRid cﬂ%n%ﬁ@s ﬁpﬂflﬁpﬂgf;@achl&?séﬁd p@aitﬁ\m@{dunwoyt h of the

conduits 103" is suitably the sane as t | engt hs of the conduits 103

descri bedaahovendinpbaivesn thd onen ¢nvly o dskeonfluitshee wparoy ataduceskistthons 105" and
condenser sections 109 ui nes 4 he working,fl]u o flow double the length
of "the: cosi Ry Egr ey 1P e RPN Wk el AeiarBdti i ough +ne
evapor at o105 eesighithe A&EMLH Ivagdmarifoed Resen Rh@e1 Mk thd Sorfdesker Sedtidns

parti cul arl% suitable for small and nedium sized cooling coils. The common
vapor manil®dwithaw flowisg dupughathe cenduts degapserthe vanond ¢aagsuridheol d 151

descri bed ¥ %) Liod S ttFR) S d[hB & hepti.RiRe 01" as the

liquidr ef%{rzfr% %58 cllﬁtgﬁés (Pl%l o@u t glc%%%%ﬁs é{ %‘Hﬁ Acggerlél ﬁlg ye:lsgsi m | ar
resistance to flow of liquid from the condenser sections to the evaporator sections 105
because counterflow of vapor and liquid L in the conduits 103 is greatly reduced or
eliminated. The common vapor manifold can have many different configurations

within the broad scope of the invention. As illustrated, the common vapor manifold

151 is an inverted U-shaped conduit having a generally upright evaporator leg 153, a



to the enbodinment illustrated in Fig. 7, there is no need to pass the
common vapor rail 151" over the top of the cooling coil 135 during

i nstal | atworz12/103009 [0 O 4 6 ] The evaporator secti onsPC@AS2@nd22endenser
sections 109" are suitably horizontal (e.g., perfectly horizontal or

substantially free of any incline), as illuystrated. Each evapaorator section
105" is sa?rtea%fyyupa@_ﬁm e%%;&ﬁégi Rosindh %Ff\ﬁﬁ\ﬁyth‘?&mtﬁleva@%péféaﬁe Is7 the

evapor at OtofRefin e I s 3P BEELhH IR %e?rra%qntﬂﬂﬁd e5dnRhichien Witlvhd return
section 113 connected to the evaporafor section. Each condenser section
109" is samdthdylthrodelubicedpbapssage. Bhecdvaporaty 1eghEl3 andehepandenset lagsl Sdpaced
outward fromt end of. the l.iguid return sectio hat.J s connected to the
condenser “Saulas SMp by Sip e niED ST, P wbg: The WRRBRRMC Y or
use W th ¢oplsiang Libbtad@ily Bafht S6ABRbAEBINgSIRGgGhe e dibmetevdemea first
portion 105a" adjacent the opening 107" an§ a second portion 105b" renote

fromthe bgeddhdStoxitheysh thylees gor prrsagd ofghe penioldnrs viraighs iethsl i ng coi |
i nt ake st [ i - cC ect | 09" i irst
por 1 on’ 10BaRg B AR, SREDSANERRG: (TR0 B OB Bal Vot
from t he dprdnvdngod IMhec vapat pdssSageST camdt odnrchied fd thetlegdorsBi 035 éfithé he fl ow out

of the cooling coil. The evaporator ]eg 153" .of the common vapor. manifold
151" is pB3insREald g nd) deres dprw somipetion ok eficrayiply spHreciBRt | ons
105" that I . g q : 155" of the
common va oy sy B fIEc AR REEm AStont il & FARAETEChb R ogor of ¢ he
condenser faacthe ooemb@Yapotasnifnie 15 emithm the scopt o€ thepsventinds 111". When t he

heat pipe 101" is._i e, this arrangenent cause erature gradients to
form i n the cotlBRrS 10wnibREiomHEREnNEPdE Y I o THEBGRS e heat pi pe
101". I'n pAkfct WALy laR¢ARRL M OiaRelct bPRe Lo WOB | ashf tNaITRFatdan portion
105a" and condenser portion 109a" will be warmer than portion 109b". The

t her mal geabodntcst. puope ewbddimgnt, thguodduitsf 103 rpan he nwde fiwm Génndhan ¥dwar d t he
cool er portion, , .0.0 4 7 1 Another. i.ment of heat pi pe,

Gener al | yiapepesdirs b e dmirdy AR ARG SRRk Bt de o ehe thi s
heat pi pedidfhktdrS/Stbs ba0biiadH soppeeibingalespddticANSHEMEEr Qe E@s$ he heat pi pe
101 descri bed above. The heat pipe_includes a common vapor nmanifold 251

that is apeetionddlow gee pbtheaapgranenifpgd | Hleerrheyaudhlaigst thapdesceibed t he conduits
203 of thij I 0 I tally: stiral | I y from one
end 207 ¢ P RQTbe R e Al HRER TR s otoRb Ol Bebrd IPYEY e ae 107,
111 of t heithintlebépedDheanecsipack i adwcimdeastddiethe tomalnitone3 ambinagifoldnd t he
vapor mani fold 251 has, a nmuch | onger vapor passage 257 than is the case for
the heat p?hb&enoireawted WOrftave any BYHF ARGPIOICEI IS &@ﬁ&l@m%bwé evapor at or
leg 253, coRdeRERIint&Gor>0, and vapor passage 257, and the conduits 203 are
oriented ona conmon plane. In this enbodi ment, the evaporator sections 205
are in-line w t{A0BRE cldrdpesendsHtafonse\apOratoriectioaatl Opbpen d®lthencl udes a

first set of fins 2 on. the evaporator sections, 2 and a second set of
fins 225 BHTPHLOIBAUCHEER: SHENPONS 1206 OB S8 O ko DR PRI P TCIBES 223 ar o
shown i n ky@epd: intthhe Ed)rgiéhﬂ:r!l@%t}Hsrbfstﬁ‘&ﬁl'aﬁﬁbl_a]@lﬂﬁt_ﬁe ghefrdtegegnment of the
conduit 203 t%at is substantially free of fins positioned between the

evapor at oemhedimson thernyyeporgios deolkds @l cop@@on pgpar mangioldat ddxtande tcondui t s

203 and vapor. ssage,.257 are .substantj.all rizontal i rientation. It
o noted REVAYERICRBRER A HEGSERRRI0 Wkt oRBiREE R IR F P ownward from
t he condepaorS@Gktis 108. FdiexeMpROMnniBRCT I 1duHabl9 cRfcAYs deisghayi ty

assi stance for liquid flow fromthe condenser sections toward the

evapor at oH14E Bbaovgithanhigheshefl he gpen efdstlQé of Hgeryapasator sections 105.0 0 4 8 ]
One enbodi .0 kagl udi i t ipes 201 is
iIIustrat%gggﬁwFﬁggxﬁ%%ﬁgﬁég1%?&¥Egﬁg§§?%ﬁéggﬁk#é¥?§§¥%%ﬁé§$%rS r%nsporting
heat bet wpeditiénuhadis higheeint clandop araal thehighest b therpan wedst lilll affitlen syst em and
includes a frame 273 (Fig. 11) and a plurality of the heat pipes. 201

suppor t edc‘w{e{lﬁ’é S?c‘rﬂaﬁ%loﬁh@%@w P g foawt%tpr%a@aw@qrﬁ?g {3 #o one
another sty 8ty ldibo?d e PaRYARHAEL HAE10PBSIE Puletabchth:Apsone side of
the system and an array Zéi of condenser sections 209 1s forned on the

ot her si dendfonnhes sytht enmdefseriled UST atanettvianorFalgpve 1 highest ekthapben t he heat

i pes 201 are arr.anged.so the .condui 203 of the | of ,heat pipes
P Re e pal 13 G ARGt Re SRS Y, R e pastrat £ B ihrSte0e or "t be

heat pipes 201 are in side-by-side relation to one another in the
evaporator array 275 and the condenseﬁ sections 209 are also in

si de-by-side relation to one anot her '% t he condenser array 281. The fins
221 in the evaporator array 275 (Fig. 11) are spaced fromthe fins 223 in
the condenser array 209 by a gap 225 aligned with the liquid return
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[0051] Significantly, no tilting nmechanismis required to reverse flow of
the liquid phase working fluid through the heat pipe system271. This is
contrary woewm3@pi or art heat pipe based heat recover pCrasadies2i2ms whi ch a
conplicated tilting systemand nore costly flexible ducts are needed to

adjust the jnclinati on of the con Ult d us I 0 overcone
r esi st ancen%(ﬁmeaws soahan FicyRiiog ¢ fﬁé% thﬂh ?né'fheat (ﬁé@%&?ﬂgfaéla With
count er | QUi Rghtaf BSts 1103 t@@oﬁ&ﬁt@é’li’ﬁ Fig. ﬁ?ff(ﬁé}@@en\ﬁ/ﬂ%ﬂ%vc%hhﬁ heoif prignser

array 275 1s in a relatively warnmer enV|ronnent and the evaporator array
281 i s i nitalidesiratativetoythe bedtgipeeiMiinorthespace tl hbisfloonedbetwben thodddsng f 1 ui d

t hrough t tem 271 automatl cal | y.-reverses and..t denser sections
funct fon 45 QapBR ubd ERtPRERES G 17 TN Slp BRavR LB TR unct i one. as
condenser rg@atst@bhs 1THbStheToRAHRUDS, thBosavIBApYAReKifoI@Nsf o sdlt@&%
sufficiently reduces resistance to flow of |iquid phase working fluid in

t he condububstappally fieg offarsue dimit hegt franyderstwiepnitbe bess ped@dcad thyy t he t her mal
rad! ent (BoRH{l G20 . RLBHUES hd O Rh.disCuldl, 63, MBS, L he, Condenser
array 275 and evapora n gravitationally

i nduced flow i moobe]ccwdm the coé\lcﬁcg)crcxii 33l 1yontdiﬁﬂ@\0$ld1ﬁxb the c8Bngcevil arginei n i n
the sanme horizontal orientation for operation in sumrer and w nter.

[ 0052 ] &foPkEr M@%\ﬁhﬂ%ﬁmevaporawﬁé%ﬁtwm pe O@Bhé??’élpmﬁ Wdsirgerosed 901, i s

illustrat I T sets of
conduits g%fgltang%glgvaﬁégghﬁ}?lﬂgw t B%%Ollﬁg%ﬁg??j sﬂrésten sec%ﬁg%get s 303a,
303b ext emdewhAt Weerfrap ploeeswviren mpe Rirasalsodred byshs fiac E21 amiretvap(&hloy fromthe

ot her conduits | e sane se The caondui ts sujtably hav | engt hs and
di anet or o SEHAR | o IPRBO B0 Wi M teeaehse e Tontaicht 133. ﬁae 101 in Fig.

1. The copdyited BAZaA58 lﬁl‘dicfﬁﬁké’w@%ﬂm§ﬂ9§l&a{&évﬁb$r¥teﬁh i aa%@raﬁ}rt hough this
is not required to practice the invention he conduits 303 of the first
set 303a sactionnl(feYapeais| proiddesdoy tied daportatstdionyil 0hflowentodhelui t s of the
second set 303 nd e aced | at fro t he cond s of .the second
set by a SIS R ST T SRR Thei b s 500
each of Wi phegdIOER adroRatht v@ﬁorlpagﬁgéﬂ&meaaﬂdeam 6z VeRabwhaasage 321
extendi ng between and in fluid communication with the Iegs The | egs and
vapor passaessesicg B, pid den tap ficglogdenser wedonsndP dbrowsh theppsiings e prinme (')
after the f I t I e second
mani f ol d éigﬁegﬁéfﬁ% Mmﬁg %hdoofg%ﬁgégriﬁga@% S;é@t?? Self%lt% %ggleegél} égce nunber .
[0053 ] The cbblisd cdlEgSQﬂ& coofing bl Ednr @bl thenirf daiwah t3 hltemp&ratare one end of the
conduits 303, of he first set 303a whjile the E)econd | eg 317" of the first
mani f ol d pignidicanthebedow dhs tempeiireto vhishdonenld O cogled Hahwe tvshune B¢t 303p. The
vapor pas t s 315",
S Tl D S A O e hE Tage 316,
317" and addledby thepoolitgcdil mﬁmhhledxg;berttémpemnure‘ eigdlfﬂ:li.ﬂfly betoweter t he end of
the conduits 303 qf t eé}irst aet 303 dth %15 of thecnduits of the
second set P E°HcRd AphpERgved TopuiRair HonadupUs e catEa¥hout {1 ow ng
through any of [bbﬂogomhlssis%cﬁfrﬁﬁg fthéc»?dnd@ﬁseﬁ%%ﬂs BBl gte clfBesRE@RD vapor
mani fol d 311" i's substantially identical to the first 311 except that its
| egs 315" colgpwletawlest@@mrfmé@ qooling eoibhs rejfreschisddyradioivtssd B0Bgoppesite t he

The vapor Mssoud et @SSuehngons froudhmi iir 1 51 dheroibs nly e FRefngtpry o

subst ant i @d)ﬂ(ﬁéﬂé’éfr kedti@hs 1696 e hs&pefcORl thfvRgRoOkdtatatids o'fflﬂﬁtYW@fkh%rfﬂn@Ver t he
top of the Tgap 305. 0054 |1 The heat pipe 301 is suitable for use in

a heat tr#n Pé?n@gqréﬁ@t@@éd}hednﬁef?&ﬁ@ﬁ ef theeald defropdhe @Wnawmléﬁéﬁtld ducts of
a ventila Q?E t eat pipe
in the ve1£ ef%ﬁg@%%%@s’s&téﬁer%%% Elafehele%coégn%?%%e&%&%ﬁ Son p?&i&éleis‘ possi bl e
to conbi neoﬁdeﬁsalneabfmep;eorﬁﬂlg ﬂ/uldmt%aboms@tsb@ronheﬁthemepmpé crHat e a set
of heat pi.pes that work together in the ventjlation system For exanple,

Fig 14 |sil&ulfidpc%‘ld%ge@F%WG&PH%F%%SWPIH@&WS&T%@GH‘?& nsgiseposUIgdP t ed by
the fr arreth%%%ag&aﬂohgechsag 145 @ ﬁ&héﬁéﬁ%é%ﬂbé ﬂ atnraﬁaadsewmﬁ 43, H hipst ead of
t he six heat pipes 201 in that nbodl ere are four heat pipes in
Fig. 14. Whendd bsthelvendenpérpect8iit 108 hahlewee atlatpiegeniiditytian stvecildn Fig. 13.
The second heat pipe 401 is substantially simlar to the heat pipe 301
illustrated in Fig. 13 except that it is dinensioned to nest with the first
heat pipe 301. As illustrated in Fig. 14, the conduits of the second heat
pi pe 401 are positioned in the gap 302 between the first and second sets
303a, 303b of conduits for the first eat pi pe 301. The third and fourth
heat pipes 201 in Fig. 14 are each substantially identical to the heat pipe
201 |Ilustrated |n Flg 9 and descrl bed above The conduits for the third

1. . )



[ 0057] On the other hand, in the heat pipes 301, 401 in the system 571
illustrated in Fig. 14 and 15 vapor flows through the manifolds 351 from

t he war nrewOent2/wsoobhe systemin each duct 293, 295 to tireTasedien2engl of the
systemin the opposite duct. This hel ps establish and maintain tenperature

drlven pu ofces.that cjrcul ate the workin thro hthe heat

pi pe. b hibe hét ains Ph. Fovetu et Plﬁédlﬁ%‘%‘iﬁj}eﬁé‘? SOV AGE 07201, 201
i's exposegoggdlﬁoﬁaem}g&g totsenihtibher ence that supports efficient operation of
the heat pipe ?0058] Figure 14A is a top plan view of another set

of heat pipes tRA#1g arBd@eumjp@mmmdn lvypqrheanﬁﬁoatrbi 281 vofvapbis eheprated ansf er

t | | ust te t d f. th 201 t hat
erbod ment™ o eer s ol IR e aeh G iSas RS uRURT g et o1 pe 301

i s the hegfan@blaCthictd b dsk AdsRehnc® tdfl@w ol BquidhethsRGanke émdufthl o¥ohpat pi pes
401, 501 are substantial |l ly simlar to the heat pipe 301 illustrated in Fig.

13 except cYapera@ceriPnd 4 apd ferapless sesilitinsade Bpefvepaidsto Weth the first

heat bl pecdibn 00 105 LS B A OIS I FENRIOTEL AOURER I hi 0 the

second he es | ate’'1n a

simlar nhquietin oy f.daasleofﬂhbthsﬁtrpapseﬂ)ll Mhisiigeredsés gapedd dt behishayzpor Wani f ol ds
of the th| rd heat fi)l pe 501 al so al ] ow vapor exchange to occur which can

further adlfhbgid&rffqve tBrrughsie heahpipe 10} a%?héFebé’%lP‘é(ﬁnﬂlfshq@}bplpﬁéo h&at pi pes
301, 401, %@S m Iflf)icgn‘%ly LQ&%GI}T the h%t@f n%éﬁ&ﬂpéfetge t hlt?@%egfrﬁltaﬂgelx%

mani f ol ds or any o Iments descri erel
opt i onal | ynd the linrcbe dameadrof tis anntiants mmelaﬂn\eelwahwlé(el@,lasi desagtedabed)Fi g. 1 and

descri bed, above t educe e ca C|t eat . pi pes. ain, .the val ves
can be. ol bEvarcl fii e bl Eet SaRgmsrgiegty Vb RaheRdy Iy el aci | T1 i o
control ofyohhge ﬂﬁidVFOIbé&aﬁ‘lpw m?eboaf%&ﬁﬁggﬁlé% SYI?E!IMF bkt EiegangE i's

illustrated as a manual | y operate
i nt rodu0| n@awlueh%mmemtfto tbaait 60 pgrcoithderc sreiehlyri dhesrahes ef eﬂvout Hiepfacemtcl es
t hat th e one or nore

a", d
of the o1 lthEas BRent SR sofih il GRS drdndR R et SR = e o

variation e&mrﬁﬂfsnﬂrrﬁoﬂe@h@enfﬂﬁm the riciofiebols 20 §crRak BRBOut I crddiene may be
addl tional elenents other than the |listed el ements. Myreover, the use of

"f or war d" olatexampesathedntcepsuyties af the mebing hasraseeves évhish thaseskiledse of ot her
di t t t
I recti Onﬁl a?ﬂgltllptre&(f DA a{l&)snﬂci ol O%ulg?h ?ﬁgn @S%&pbéﬁéﬁi’g{ﬂlﬁ%%cn&? 68@2615 Rg

reqwre any parti cul=ar orilen

various chengesecobulotkibg flkide@nisnitiie babothe raige b ubod @prtdengrofabonn t he scope
of the invention, it is intended that _ all_ matter contained in the above
descri pt i ofP&isentsmETESUiADIY i thea PP ORainh ips2borbtY PHEStHPREpr et ed as

iTustrat 'sﬁ’i%bgﬂq tﬁ'@fank@ofaaﬂolu@g b&8ent €8'&6out 40 percent, and still more suitably in

the range of about 25 to 35 percent. Grooved tubing typically works better with a
slightly larger charge of working fluid compared to tubing that is smooth on the
inside. As further examples, the charge of working fluid is suitably less than about 40
percent, still more suitably less than about 35 percent, and still more suitably no more
than about 30 percent. As those skilled in the art know, the amount of charge is the
weight of working fluid (liquid + vapor) in the system expressed as a percentage of
the weight of liquid phase working fluid that would completely fill the interior volume
of the heat pipe. It is understood that larger charges than those specified above may be
used within the broad scope of the invention. Accordingly, the performance of the
heat pipe 101 can be equivalent to conventional heat pipe having significantly more
expensive larger diameter tubing for the conduits and requiring a higher volume of

working fluid. It is understood the improvements described herein can also improve
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WD 2012/ 103009PCT/ US2012/ 022218 CLAI M5 What is clainmed is: 1. A heat
pi pe conpri si ng: a plurality of conduits, each conduit including an
evapor at owoerxiog9ext ending laterally froma first opemCens2ab/onizes
respective conduit, a condenser section extending laterally froma second
open end of. the respective conduyit, and_.a liquid returp section, 5the
liquid ref Wn%ef ﬁ*@ﬁle?t&lpeé%ﬂﬂ @aﬁhﬁrﬂf OGBPH BHEHEY OB hATBbor at or
section aHmﬁﬁB&fM&h@%A@M@Nd%ﬁﬂﬂ@qﬂﬁnHk%&&p&@ﬁﬁeﬁR@mﬁﬁﬁ connected to the
condenser section at a position away fromthe second open end so the
evapor at or and [66A@&nsky illsscatedm Rgel,ithe yisteind] Clogaminélude 4 vrlveéh one

The. condeNet oL iF shrPtprtneSLuamindis) MarBrue Wbtk e aparn = "

10sect i onRbug tht B@amoRNBpSranshifold. PRicRaV@i 191 iiNGfitablyafib¥daBlel(k.gui d return

section of another
manually or via an electronic control system, not shown) between first and second
operating positions such that there is relatively less resistance to flow of vapor
through the common vapor manifold 151 in the first position (¢.g., a fully open
position) and relatively more resistance to flow of vapor through the common vapor
manifold in the second position (e.g., a fully closed position). Thus, the valve
provides the ability to adjust the efficiency of the system from a higher heat transfer
efficiency for better dehumidification to a lower heat transfer efficiency. It may be
desirable to operate in a lower heat transfer efficiency mode when the air flowing into
the system is already relatively dry and less dehumidification is desired. The valve
161 is optional. Although the valve illustrated in Fig. 1 is a manually operated ball
valve, it is understood it will often be desirable to use an electronically controlled
valve so the valve can be operated from a remote position (e.g., by a processor). If
desired the valve 161 can be positionable at one or more additional operating
positions intermediate the first and second positions (e.g., an infinite number of
positions between a fully closed position and a fully open position) to provide greater
control over the amount of fluid flowing through the common vapor manifold 151.

[0043] Figure 6 illustrates another embodiment of a heat pipe system,
generally designated 101'. This system 101" includes multiple heat pipes 101 nested
together so they work in tandem. In Fig. 6, there are two heat pipes 101 in the system
101" and each of the two heat pipes is exactly the same as the heat pipe 101 in Fig. 1
except one of the heat pipes is slightly smaller than the other so it can nest inside the
other. It is understood there could be more than two heat pipes nested together without
departing from the scope of the invention. The system 101" operates in a manner that
is substantially the same as the system 101 in Fig. 1, except the system 101" has a
greater capacity to transfer heat because of the multiple heat pipes 101 working in
tandem.
[0044] Figure 7 illustrates another embodiment of a heat pipe system,

generally designated 101". This heat pipe is substantially identical to the heat pipe 101

illustrated in Fig. 1, except as noted. The heat pipe 101" has a common vapor rail 151"
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of the conduits; and a common vapor manifold in fluid communication with
and extendi ng between the first and second open ends of each of said

pl ural it ywof2ormosept s so vapors produced in the evapor aPOT/USeci2ioea?ss can
flow fromthe first open ends through the 15 comon vapor nanifold to the
second open .ends w t hout W ng throu condui t heat pipe
as sot fORFYINg ﬁV&HOéipﬁ%ngvﬁﬁ gglﬁ@d% oo b R?P&gﬁt?qué%%m‘PF I and
second le@§3 totth@tcfﬁdﬁﬁe aﬁﬁens%mt% 135 a%ﬁigch lpdtmha{ hltabéhQJthQQJ‘l%bEaé openi ng into
the first leg and the second open ends of said plurality of conduits

openi ng i pergourtyd teemddits EQP. Atch@fdtt@hsr faglodtidruefithe poramop vagdrmgrnafoldpor

passage STOMEE LA HIS,IL T3k AU BeoBid S95. 500 SIPLARE g 1 ov

t hrough t heursQBmns M 2POF the®Bhdusd03. As illustrated in Fig. 7, the vapor passage
157" extends from the top of the evaporator leg 153 along and above the evaporator
section 105, liquid return section113, and condenser section 109 of the uppermost
conduit. The vapor passage 157" is configured so it wraps around the same side of the
cooling coil 135 as the conduits. This allows the heat pipe 157" to be installed around
the cooling coil 135 without requiring the vapor rail 151", and in particular the vapor
passage 157" thereof, to be passed over the top of the cooling coil. This can be
desirable, for example, when the cooling coil135 is already installed and obstructions
would prevent or make it difficult to move the vapor passage 157 for the embodiment
illustrated in Fig. 1 over the top of the cooling coil to wrap the conduits 103 around
the sides of the cooling coil during installation of the heat pipe. The heat pipe 101"
illustrated in Fig. 7 can also be nested with one or more similar heat pipes in a manner
analogous to the nesting illustrated in Fig. 6.

[0045] Another embodiment of a heat pipe, generally designated 101", is

illustrated in Fig. 8. This heat pipe 101" is substantially identical to the heat pipe 101
illustrated in Fig. 1 except as noted. The conduits 103" of this heat pipe 101™ have
evaporator sections 105" and condenser sections 109™ that double back on themselves
so the open ends 107", 111™ are at the same end of the system as the liquid return
sections 113 of the conduits. The overall shape of the conduits 103" is that of a
horizontal U, with the doubled back evaporator and condenser sections 105™, 109"
forming the sides of the U and the liquid return sections 113" forming the bottom of
the U. The overall length of the conduits 103" is suitably the same as the lengths of
the conduits 103 described above. However, doubling back of the evaporator sections
105" and condenser sections 109 requires the working fluid to flow double the length
of the cooling coil to flow through the condenser section and through the evaporator
section. Accordingly, the heat pipe 101™ in Fig. 8 is particularly suitable for small and
medium sized cooling coils. The common vapor manifold 151" is substantially
similar to the vapor manifold 151 described above, but it is at the same end of the heat

pipe 101™ as the liquid return sections 113 of the conduits 103". Accordingly, similar
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3. A heat pipe as set forth in claim3 wherein said plurality of conduits
are arranged so they are spaced apart vertically fromone another, the
first | egwof2ot@3monmon vapor nani fold extends to a posipCirars2eibae221s hi gher
in elevation than t he highest of the first open ends, and the second | eg of
t he conmon ?@ nani fﬁ W? é 3009PCT/382012/022218 Sextends to a
position {h&fc bitlustyatg AR &G BreAHP gRisdhe LAMMAR VARESHE open

ends. 151" ove@‘tﬂ'éet@{) optﬁ%oaﬁn @511 fﬁ&d}m' NnGhiglidh3 wherein the vapor
passage connects to first eg of the connnn vapor manifold at an

el evation abovéOOHé]hfﬁhes@pmmkthembnxﬁﬁ“bmémoemusmandmmmd09&@&1 passage

connects to secon e evation a est.. of the second
open: ends tabBhoFESRARGE thoBlen &1 GAR pB TyRRRH L e b AR ar o

pl ural i tyilRktreemditich SvaioRataF §e@ﬂ&9@0§'015tsﬂﬁ%lyaﬂ&tb‘i&ﬁl§d%ﬁ iRRhta Way thacal 1y from
one another and the common vapor nani fold has an inverted U Shape. 6.

A heat pi pe cad 188t of Berchapaiatanyechpr tesitpeng 1BWvatidnreth diaing aftilee leqragor at or
sections {%?IYI‘% s@ctﬂ)?lrll 152 %Et?écte%rtlo%' &;abgﬁtor section. Each condenser section 109™

is suitably doubled back in such a way that the end 111" is spaced outward from the
end of the liquid return section that is connected to the condenser section.
Accordingly, when the heat pipe 101" is installed for use with cooling coil 135, each

evaporator section 105" includes a first portion 105a™ adjacent the opening 107" and
a second portion 105b™ remote from the opening 107" and upstream of the first
portion in the cooling coil intake stream. Likewise, each condenser section 109"

includes a first portion 109a™ adjacent the opening 111" and a second portion 109b™
remote from the opening 111" that is upstream of the first portion in the flow out of
the cooling coil. The evaporator leg 153" of the common vapor manifold 151" is
positioned inside the portions 105b™" of the evaporator sections 105™ that are remote
from the open ends 107". The condenser leg 155" of the common vapor manifold
151™ is positioned outside the portions 109b™ of the condenser sections 109™ that are
remote from the open ends 111", When the heat pipe 101" is in use, this arrangement

causes temperature gradients to form in the conduits 103™ that pump the working

fluid through the heat pipe 101". In particular, evaporator portion 105b™ will be

warmer than portion 105a™ and condenser portion 109a™ will be warmer than portion
109b™. The thermal gradients pump working liquid L from the warmer portion
toward the cooler portion.

[0047] Another embodiment of a heat pipe, generally designated 201, is
illustrated in Fig. 9. Except as noted, this heat pipe 201 is substantially identical in
construction to the heat pipe 101 described above. The heat pipe includes a common
vapor manifold 251 that is analogous to the manifold 151 describe above. However,
the conduits 203 of this heat pipe 201 are substantially straight all the way from one
end 107 to the other 111 instead of U-shaped. Consequently, the ends 107, 111 of the
conduits 203 are spaced much farther from one another and the vapor manifold 251
has a much longer vapor passage 257 than is the case for the heat pipe 101. The entire

vapor manifold 251, including the evaporator leg 253, condenser leg 255, and vapor
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7. A heat pipe as set forth in any preceding clai mwherein the condenser

sections are inclined dowmmward fromthe second open ends. 8. A heat
pi pe as swO2borwBooPn any precedi ng cl ai mwherein said plParaiseen/oef2i1gondui ts
are made of tubing no larger in dianmeter than 1/2 inch tubing. 9. A

heat pipe as set_forfh in an eceding claimwherejn the | ength of each of
sai d pl ur BFSt8F of/ %‘%ffm%‘ﬁict’ 4yt 2B GBI, ao‘fo%%i’fa%dntﬂﬁsabout 250

inches.  empodifnt, &é@%borﬁio?@e@i%n§§@5 iR mnk YiNNe RSRERD: S&tioh@bdd wher ei n
t he second end of each of said plurality of conduits is at an el evation

that is hilghbeatpire20dnndhdasatiireiscof fitsel Xl ansthe evapoudtor deetiorsPé and ue

condui t . 1..A t pipe as set forth.i n recedin | aim wherein
e Conautteend s o6 g Az e BieRSpRi gttt ido’ QuBbaR iR el ont ol
orientati gR.shown in Fik26. PhdI@ffid RIitRG sa&ionet13fi9h tifbrt feoaidat Off the bahdim: 1- 10
wherein the conduits are substantially straight.

2012/ 103009Pthwt 9spostanteily freg of fins positioned between the evaporator and condenser
sections 205, 209. As illustrated, the conduits 203 and vapor passage 257 are

substantially horizontal in orientation. It is noted however the conduits 203 could be
inclined slightly downward from the condenser sections to the evaporator sections to
provide gravity assistance for liquid flow from the condenser sections toward the
evaporator sections within the scope of the invention.

[0048] One embodiment of system 271 including a plurality of the heat
pipes 201 is illustrated in Figs. 10 and 11. The system 271 is suitable for transporting
heat between two different and parallel ducts in a ventilation system and includes a
frame 273 (Fig. 11) and a plurality of the heat pipes 201 supported by the frame. The
heat pipes 201 are arranged relative to one another so an array 275 of evaporator
sections 205 is formed on one side of the system and an array 281 of condenser
sections 209 is formed on the other side of the system. As illustrated in Fig. 10, for
example, the heat pipes 201 are arranged so the conduits 203 of the plurality of heat
pipes are parallel to one another. Further, the evaporator sections 205 of the heat pipes
201 are in side-by-side relation to one another in the evaporator array 275 and the
condenser sections 209 are also in side-by-side relation to one another in the
condenser array 281. The fins 221 in the evaporator array 275 (Fig. 11) are spaced
from the fins 223 in the condenser array 209 by a gap 225 aligned with the liquid
return sections 213 of the conduits 203. The fins 221, 223 suitably extend
continuously between adjacent heat pipes 201, as illustrated in Fig. 11.

[0049] The system 271 can be installed in the duct system 291 of an
HVAC (not shown) as illustrated schematically in Fig. 12. The side having the
evaporator array 275 is installed in an inlet duct 293 conveying exterior air toward the
HVAC. The side having the condenser array 281 is installed in an adjacent duct 295.
Air in the ducts 293, 295 flows in opposite directions as indicated by arrows A and B.
During the summer, the system 271 transfers heat from relatively warm air being
taken into the HVAC system from outside the building through one of the ducts 293

to relatively cooler stale air from inside the building that is being exhausted to outside
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13. A heat pipe systemconprising a frame and a plurality of heat pipes as
set forth in claim 12 supported by the franme, the heat pipes being arranged
rel ati ve wo 20108009t her so the evaporator sections of tIr€eThiSat12/0232¢8
conduits are positioned to form an array of evaporat or sections on a first

side of t an ondenser of heat p onduits are
posi tione etbéula rhyéﬂ %@SH“{}E}}{B Efi}lﬁr%gghﬁ“%ls%"@éﬁ g% de of the

frame 0pp91%'—éo%hh§ﬁle 1hfa§& ai 'bgﬁ)r@ft réatéﬁesfth@@@ohng coil usﬂn@ théalj@al cPbIRg System as
set forth in claim13 further conprising a plurality of finsS in thernal

communi castalsrainbeing ¢dheusiehby picd€vVa6nduits, the fins including a first set

of fins in the f ev ato tlosandas cond set of ;fins in the
array of conder@@&sie ivgﬂtgp%%@'s{emg P PR 1§1§]te§tr8?ovfefyn1§mg€éb¥lg spaced
from 50ner@6f&ir’f1g€the dlrectlon oFDeatAranSRE thRdUS thY BELPIRS 26 BIFdr @kddiplethany one of
clainms 13 and 14 installed in a duct systemof an HVAC system wherein the

array of &pleporiaeninsdcisingwsbeing vonted to ithesexterins thropgh te dyeici®59ysewm and t he
array of Fe(mgr%gfs\%rr%?%hg]ggg de§gE§h a"’}{ £&GIRG ;ﬁ&%r fﬂ%%]ﬁ%‘@%‘s gﬁ%&%@ﬁ” one of

the first econ o an inleéet o ém and t he
ot her of tdcHVAC tlaﬂdgls&@@dﬂtc&u@mt 208t BBdaluB@oifﬂh@lﬂ&x&‘ﬂsabuﬁﬂheﬂlraﬁloﬁlhe HVAC

system of the temperature gradient between the sides of the system 271, what was the
evaporator array 275 in the summer now functions as a condenser array and what was
the condenser array 281 in the summer now functions as an evaporator array. The
warm exhaust air flowing through the exhaust duct 295 evaporates the working fluid
in the evaporator array 281 while the colder air in the inlet duct 293 condenses the
working fluid in the condenser array 275. The heat captured from the warmer exhaust
air by evaporation of the working fluid is transferred to the other side of the heat pipe
system 271 where it pre-heats the colder inlet air before it arrives at the HVAC.
Consequently, significantly less energy is required to heat the colder incoming air
than would be required without the heat pipe system 271.

[0051] Significantly, no tilting mechanism is required to reverse flow of
the liquid phase working fluid through the heat pipe system 271. This is contrary to
some prior art heat pipe based heat recovery modules in which a complicated tilting
system and more costly flexible ducts are needed to adjust the inclination of the
conduits and use gravity to overcome resistance to flow of the liquid phase working
fluid associated with counterflowing vapors in the conduits. Instead, whenever the
condenser array 275 is in a relatively warmer environment and the evaporator array
281 is in a relatively cooler environment, the flow of the working fluid through the
system 271 automatically reverses and the condenser sections function as evaporator
sections while the evaporator sections functions as condenser sections. This is because
the common vapor manifold 251 sufficiently reduces resistance to flow of liquid
phase working fluid in the conduits 203 that natural liquid pumping forces produced
by the thermal gradient are sufficient to produce flow of liquid between the condenser
array 275 and evaporator array without requiring any gravitationally induced flow in
the conduits. Accordingly, the conduits 203 can remain in the same horizontal

orientation for operation in summer and winter.
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16. A heat pipe as set forth in any one of clains 1-12 further conprising
fins connected to the conduits in the evaporator section to facilitate heat
transf er woaofymsoogonnected to the conduit in the condemsgrusg@ciorzms t o
facilitate heat transfer, the liquid return section and conmon vapor

mani fol d bei ng of i

precedi ng cl ai &PPSEQ he/tn%@?tﬁmb@f%enét%ﬁ Q%g’tef Eﬁ%&alg’ﬁ%}ﬂﬁ%§3bn llf Eeany

condui ts andu&eITPR Vﬁmrhermwlﬁé fhcludes ﬁrst&rﬁise@orﬂles%rtsd}‘o%dﬁ?s #gh, forth in
claim17 wherein the heat pipe contains no nore than a 35% charge of the

wor ki ng f Bdtd Each condum9303mﬁ1ea§"trstmnpeemd§ets 303%,t303b nxtands teeanf clainms 1-11
and 16-18 in conbi natjion,wth co the e secti ons of
fha conaurbsEPRyT b 8 Molodd EREDL ot Bl geie B BURS T Al bmERE coori ng
coil and trheceRnesBsitblysRELiRNRnSths | Eﬁ@dl@@l@%w é)%cﬂﬁ@ti ago&l HPMedndiitst he path
of air downstream of the cooling coil. heat pipe as set forth

in any ond0%ef tbp Apgtpipe I inkde. J;leTht@candu@@)ﬁm prgtspeblwiatl KulsteatinBy
substanti @ttallg’hté ﬁ@hg{fﬁlm R%%t LRE {Bepsrﬁﬁi’ce‘%é @bgm g I[feeé‘&ndgt tggoazaf 21. A

heat pipe a n an ne  of wherein

t he comotheVfapaset malafr@irpgdnaellg sidestyagiésiretnivhivgt tht comduats df dic seeasit a
portion of the common vapor nanifold is on the sane side of the heat pi pe

as at | eas¥t 38Akaws areﬁeaqefiétt?raﬂyétomthegeetme% therseeandd ssbhuper 305.

The heat pipe 301 includes two vapor manifolds 311', 311" each of which includes a
pair of legs 315, 317 and a vapor passage 321 extending between and in fluid
communication with the legs. The legs and vapor passages of the first manifold are
designated with a single prime (') after the reference number while the legs and vapor
passage of the second manifold are designated with a double prime (") after the
reference number.

[0053] The first leg 315' of the first manifold 311" is at one end of the
conduits 303 of the first set 303a while the second leg 317" of the first manifold is at
the opposite end of the conduits of the second set 303b. The vapor passage 321
extends across the gap 305 and between the legs 315", 317'. The vapor passage 321" is
in fluid communication with the legs 315", 317" and allows vapor to flow through the
manifold 311' between the end of the conduits 303 of the first set 303a and the ends of
the conduits of the second set 303b on the opposite side of the heat pipe 301 without
flowing through any of the conduits of the first or second sets. The second vapor
manifold 311" is substantially identical to the first 311" except that its legs 315", 317"
are connected to the ends of the conduits 303 opposite the ends to which the legs 315',
317" of the first manifold 311" are connected. The vapor passages 321", 321" of the
manifolds 311", 311" are suitably substantially straight and criss-cross one another as
they extend over the top of the gap 305.

[0054] The heat pipe 301 is suitable for use in a heat transfer system used
to transfer heat between two different ducts of a ventilation system. Although the heat
pipe 301 can be the only heat pipe in the ventilation system within the scope of the
invention, it is possible to combine the heat pipe 301 with various other heat pipes to
create a set of heat pipes that work together in the ventilation system. For example,

Fig 14 is a top plan view of a set of heat pipes that can be supported by the frame 273
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22. A heat pipe as set forth in any one of clainms 1-11 and 16-21 wherein
t he evaporator sections and condenser sections are configured so they are
doubl ed baokomiostvensel ves. 23. A heat pipe as setrcCfrarstérzioez2¢$ ai m 22
wherein the comon vapor mani fold has an inverted U shape and is on the

sane side of the hea i pe the Li return ctlons of e condU|ts
24. A heano T&P%@atagan fEstgﬁnﬂ ﬂﬁﬁ%ate@g} zgl W%@P%Pﬁt & REShRinet i&

hor i zont aly,HsshaRednC TRELGW Rl H&t?ﬂﬁs thei gC QAT ﬁ%@tﬁ%ﬁtﬂﬁ@%?lﬂhé‘as an
evaporator | eg adjacent and connected to the evapor at or sections, a

condenser hd:aéglmd}lait@md iarde.dd nﬁleueednd beat hped®hdenbetansabt simfls: todhd a vapor

passage e t nd| ween .t he va tor and cP ndenser t he

evapor at o QHRE®|6 Eﬁ@EQFP%Hég i glgnﬁ%&@F@ﬂOB?'Pﬁﬁﬁ‘W%$BFgF§ sections
of the coRgiiptpe 3NJAL l’lﬁlsﬁr@t@d(ﬁﬂﬁ%r 14 Qﬁle 88idofds BOHt kédN8 hefisd 48 Ac portion of
t he condenser sections heat pipe as set forth in any preceding

cl ai m f ur peefionednmp thiesdang 04 beayoga thﬁ)’@réhmdeseb@td/@@srﬁ%a;wbaaﬁ@oryé% rer
operating lﬁqﬁkttﬂheg{ﬁge 5HE YAl %‘Frd%h&‘i‘é{l‘%{llp%ag&}pé‘& %(xlel%lé %S,k §xihSt ance to flow

of vapor rou onmon’ vapor ‘st p03|t|on and
rel ati vel yubsninéalleklcsticn@etht heétlpﬁw 1 iapeited i Mg Phandhis@ibedabovay apor

RN O A e Condus for the fhard and Jovrth Heat pipes are each positionad i the ap between
the conduits of the first and second set for the second heat pipe 401. It is understood
that another heat pipe similar to the heat pipe 301 could be nested within the second
heat pipe 401 instead of or in addition to the third and fourth heat pipes 201 in Fig. 14.

[0055] Asillustrated schematically in Fig. 15, a heat transfer system 571
including the frame 273 described above supports the four heat pipes 301, 401, 201,
201 illustrated in the Fig. 14 so the conduits extend from a position within the first
duct 293 to a position within the second duct 295 different from the first duct in a
manner similar to what is illustrated in Fig. 12. However, in contrast to the
embodiment illustrated in Fig. 12, the airflow A, B in the ducts 293, 295 is in the
same direction instead of in opposite directions. Many HVAC systems use a parallel
flow arrangement through adjacent ducts instead of counterflow and the system
illustrated in Fig. 15 can provide significant advantages when there is parallel flow.
When the heat transfer system 571 is used in parallel flow situations as illustrated in
Fig. 15, the heat pipes operate more efficiency because vapors are exchanged between
the first and second sets of conduits 303 for heat pipe 301 and heat pipe 401.

[0056] Without exchange of working fluid between the upstream and
downstream heat pipes in a parallel flow situation, as illustrated in Fig. 15, the
evaporator and condenser sections of the heat pipe on the upstream side would be
exposed to a relatively large temperature difference. Each heat pipe father
downstream would be exposed to a smaller temperature difference because the of heat
already transferred between the two air streams by the one or more heat pipes farther
upstream before the air arrives at the downstream heat pipe. Further, the heat pipes on
the downstream end of the system may operate inefficiently because of the smaller

temperature difference.
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26. A heat transfer system adapted for transferring heat between two
different ducts in a ventilation system the systemconprising a heat pipe
conpri si My 2012/10300a plurality of conduits, each conduit PCmalSe@i2og2a
evapor at or section extending | at eraIIy froma first open end of the

respective con a condense extend g rally froma second
open end of thigpéZ$eé§?&@ @%ﬁ&ﬁ? 1n eﬁ”WPﬁﬁ#ﬂ?@{Wﬁ © 8%?3%P the liquid
return seqfjs@ited 8f Fi ga%arﬁpfﬁj{rﬁﬁor %WQ %rﬁ@il{‘@& tn?ﬂuf%ﬁis@@@ FRARRNALREr Section
at a position away fromthe first open end and connected to the condenser

secti on atndofitbe systan imesy diuctclidt B wetbonebloped ot systethis thaposee or  and
f.1 ui nication wth one anothe throughthe

d
Fauta reftin 1bedemeBp sl SRR a6 herenBBEnE R Rahebndenser

section t girdul@e EMAPSKAOMUiS BibiiEthe hB& piped W Ao IRIPY s Ehdt @RcHOdf tAE | east
one conduit bei nggdl stinct fromthe liquid return section of another of the

condui t s; hegi@ings 0o, ApaP! Herrppesiddo ahermpaiptgrcdfripnPe tet SWPXtE h and
ext endi ng R%Ee\{)@&germo% glf{gflgfleagggje‘sepond open ends of each_ of said plurality
pro €

of conduits 50 V d in the evaporator sections can flow from
the first open[eods]tmlgugh4Ahea¢@mvamwanﬂmmmloﬁhmptﬂ@et}&eeﬁnd open

ends wit hgéj gugplolcr)t\el\é ‘Q}g tﬁehf;a(%llljeg 5173t ohfethg 1?ena(;[I l‘[Jlriaitlssf'elr system illustrated in Fig. 8 instead
of the six heat pipes 201 in that embodiment. There are three heat pipes in Fig. 14A.
The first heat pipe 301 is the heat pipe illustrated in Fig. 13. The second and third heat
pipes 401, 501 are substantially similar to the heat pipe 301 illustrated in Fig. 13
except the second heat pipe 401 is dimensioned to nest with the first heat pipe 301 and
the third heat pipe 501 is dimensioned to nest within the second heat pipe. The heat
pipes illustrated in Fig. 14A operate in a similar manner to those illustrated in Fig. 14
except the vapor manifolds of the third heat pipe 501 also allow vapor exchange to
occur which can further augment efficiency of a heat transfer system using the heat
pipes 301, 401, 501.

[0059] Itis also noted that any of the vapor manifolds described for any of
the embodiments described herein can optionally include a valve similar to the valve
161 illustrated Fig. 1 and described above to reduce the capacity of the heat pipes.
Again, the valves can be clectronically actuated valves (e.g., solenoid valves) to
facilitate control of the valve by a processor, although the valve in Fig. 1 is illustrated
as a manually operated ball valve.

[0060] When introducing elements of the ring binder mechanisms herein,
the articles “a”, “an”, “the” and “said” are intended to mean that there are one or more

2% ¢

of the elements. The terms “comprising”, “including” and “having” and variations
thereof are intended to be inclusive and mean that there may be additional elements
other than the listed elements. Morcover, the use of “forward” and “rearward” and
variations of these terms, or the use of other directional and orientation terms, is made
for convenience, but does not require any particular orientation of the components.

[0061] As various changes could be made in the above without departing

from the scope of the invention, it is intended that all matter contained in the above
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27. A heat transfer systemas set forth in claim26 wherein the conduits
are substantially straight. 28. A heat transfer systemas set forth

i n any orwoabi1xioaions 26 and 27 wherein the heat pipe isPaTfuses2/obxat pi pe,
t he systen1further conprising at |east one addi ti onal heat pipe, each
addltlonal e _conpri.sin onduits, each conduit

i ncl udi ng %ﬁ“@\?ﬁg@%ﬁ‘@?’%’é&q aﬁgor@Ran’ ﬁ{gétsééflgﬂ?q thiPrGfﬁdé‘sfl rst open end
of the reﬁggﬁ&h%QmBQBthghmﬁH@QQQQHSGr section extending laterally froma
second open end of the respective conduit, and a liquid return section, the
liquid return section for each conduit belng connected to the evaporator
section at a position away fromthe first open end and connected to the
condenser section at a position away fromthe second open end so the
evapor at or and condenser section are 10 in fluid conmunication with one
anot her through the liquid return section for flow of |iquid condensed in
the condenser section to the evaporator section, the liquid return section
of at |least one conduit being distinct fromthe liquid return section of
anot her of the conduits; and a common vapor manifold in fluid comuni cation
wi th and extending 15between the first and second open ends of each of said
plurality of conduits so vapors
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produced in the evaporator sections can flow fromthe first open ends

t hrough the conmmon vapor manifold to the second open ends w thout flow ng

t hrough tWwe 208w s. 29. A heat transfer system &sTAsoRoOL1208 i n

cl aim 28 wherein the heat pipes are arranged relative to one another to
form an ariﬁﬁkgi evaporat or sections on one side of the systemand an array
of conden§ tions on an opposite side of the system 30. A heat
transfer systemas set forth in claim?29 further conprising a first set of
fins on the evaporator sections and a second set of fins on the condenser
secti ons. Whatis cl@medfs:heat transfer systemas set forth in any one of
clainms 26-30 further conprising a frame supporting the heat pipes and fins,
the frame being configured to extend froma first ventilation duct into a
second ventilafion Quﬁktgmgt@@gﬁﬁnéronlthe first duct. 32. A heat
transfer systemas set forth in any one of clains 26-31 wherein when the
evapor at or - sect pbalitpof eonsluifeapach pnagitanauding an ﬁ@p&fqtmeqeytl@b@qt@?dmg

€ nv! ron mﬂ{ter%ﬁfr&&e ﬁ%{' erﬂ %Ei o%?nc tt’e%@%tlx?er ondﬂlt % Jo%ld%#sey EGCMOIY\@}E'[QE({I

envi ronnen evaporator sec at ed as” condénser %ections

and the Ctam@‘ellhﬁﬂfbmmbd)ﬁd”@pe@&ﬂd bétlﬁ&ﬁ@feaﬁ\&ﬂcoaau@mﬁaﬂﬁ[ﬁlﬁfreﬁ.ﬁﬁtsdadml@ﬁ wi t hout
requiring any tilting of the heat(f pes to reverse the flow of .the liquid
i n t he’ coftidiauid return Sectigy foreagh genquitheiiesronagaiedin the cwPraQrerfiqatany one

of clains, §951§3n w@g bih e %t Biéﬁ{ é}ldbafnﬁ Bhn& Yt SclignTRLL 8] af #Di NG nO

| arger in dianeter an 1
position away frorn the second open end so the evaporator and condenser section are

in fluid communication with one another through the liquid return section for flow of
liquid condensed in the condenser section to the evaporator section, the liquid return
10 section of at least one conduit being distinct from the liquid return section of another
of the conduits; and
a common vapor manifold in fluid communication with and extending
between the first and second open ends of each of said plurality of conduits so vapors
produced in the evaporator sections can flow from the first open ends through the
15  common vapor manifold to the second open ends without flowing through the

conduits.

2. A heat pipe as set forth in claim 1 wherein the vapor manifold
comprises first and second legs, the first open ends of said plurality of conduits
opening into the first leg and the second open ends of said plurality of conduits
opening into the second leg, the manifold further comprising a vapor passage

5  connecting the first and second legs to one another for flow of vapors evaporated in
the evaporator sections to the condenser sections through the common vapor

manifold.

3. A heat pipe as set forth in claim 3 wherein said plurality of conduits
are arranged so they are spaced apart vertically from one another, the first leg of the
common vapor manifold extends to a position that is higher in elevation than the

highest of the first open ends, and the second leg of the common vapor manifold
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34. A heat transfer systemas set forth in any one of clains 26-33 wherein
the length of each of said plurality of conduits is in the range of about
100 to abwoto2B@3toaches. WD 2012/ 103009PCT/ US2012/ 0222P8T/US2012/03218 A heat
transfer systemas set forth in any one of clains 26 34 wherein the heat

pi pe contains, no nore t 35960 e the fluid 36. A
heat t¥anS¥iehd Sst9§‘t1°8ﬁ11“8’81g&‘ ésca}“gl%f‘rr R F ‘n ”foélrtL‘i‘ ORGP £ £ er ent
ducts in g,puentilation system the systen1conpr|5|ng a heat pipe
conprising, first and second sets of conduits, each set of conduits

conprising a plurality of conduits extending betmeen open ends and spaced
vertically from one ,anot her %ﬁfon i rst set being in
general |y si deH]by s f%lpgfl‘? St %gﬁ tgl 3?‘p°r paSkige connects

to the first leg of the common vapor manifold at an elevation above the highest of the

first open ends and the vapor passage connects to the second leg at an elevation above

the highest of the second open ends.

5. A heat pipe as set forth in claim 1 wherein said plurality of conduits
are arranged so they are spaced apart vertically from one another and the common

vapor manifold has an inverted U-Shape.

6. A heat pipe as set forth in any preceding claim wherein the evaporator

sections have a horizontal orientation.

7. A heat pipe as set forth in any preceding claim wherein the condenser

sections are inclined downward from the second open ends.

8. A heat pipe as set forth in any preceding claim wherein said plurality

of conduits are made of tubing no larger in diameter than % inch tubing.

9. A heat pipe as set forth in any preceding claim wherein the length of

cach of said plurality of conduits is in the range of about 100 to about 250 inches.
10. A heat pipe as set forth in any preceding claim wherein the second end
of each of said plurality of conduits is at an elevation that is higher than an elevation

of the first end of the respective conduit.

11. A heat pipe as set forth in any preceding claim wherein the conduits

are U-Shaped and the evaporator sections have a horizontal orientation.

12. A heat pipe as set forth in one of claims 1-10 wherein the conduits are

substantially straight.
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the second set and spaced laterally fromthe conduits of the second set,
a first vapor manifold conprising a leg at one end of the conduits of the
first setwoanttawol eg at an opposite end of the condui PsTafS201be22¢80Nnd
set, and a vapor passage extendi ng between and in fluid comunication with

the legs of the fir 10 mani fol d, wherein the vap assage extends
bet ween t he fl(i% %E@Bﬁﬁy%eé{lﬁo@imﬁﬁﬁag‘i %Pi‘ﬂaftyﬁgl%f‘tlwsﬁét ween t he

ends of tE@f&%gltulalﬁl pisdppsrtéd 1535¥he5’t§atmeaﬂf$ Heaﬁplgmg ﬁra@lrg@&r&imfehs condui t's
of the second set through first vapor manitold wthout flow ng through

any conduptsamthes ap thef avamrawn decztleomﬂths bratgpipeccomnduitt &¢ pasitioreddedomd vapor

mani fold co I one of e condui e 15second set,
Tnot hor -1 B0 &t AaBalel SetonGBE s TN 5 e it FEREH e CondBieraBRRAgNg
vapor pasgage hextemdéonduReird®esitiand tb Tofnh bh Grr&PHTasALEREF ROt dh 4 he | egs of
the second mani fold, wherein the va oraﬁassage extends between the first

and seconseceed sidepf therftima epposite/hp birstsids of lesfraree.ween the ends of the
conduits of the first set and the opposite ends of the conduits of the
second set through the second vapor manifold

14. A heat pipe system as set forth in claim 13 further comprising a

plurality of fins in thermal communication with the heat pipe conduits, the fins
including a first set of fins in the array of evaporator sections and a second set of fins
in the array of condenser sections, the first and second sets of fins being spaced from

5  one another.

15. A heat pipe system as set forth in any one of claims 13 and 14 installed
in a duct system of an HVAC system, wherein the array of evaporator sections is in a
first duct of the duct system and the array of condenser sections is in a second duct of
the duct system, one of the first and second ducts leading to an inlet of the HVAC
5  system and the other of the first and second ducts extending from an outlet of the

HVAC system.

16. A heat pipe as set forth in any one of claims 1-12 further comprising
fins connected to the conduits in the evaporator section to facilitate heat transfer and
fins connected to the conduit in the condenser section to facilitate heat transfer, the

liquid return section and common vapor manifold being free of fins.

17. A heat pipe as set forth in any preceding claim further comprising a

working fluid contained in the conduits and common vapor manifold.

18. A heat pipe as set forth in claim 17 wherein the heat pipe contains no

more than a 35% charge of the working fluid.

19. A heat pipe as set forth in any one of claims 1-11 and 16-18 in

combination with a cooling coil, the evaporator sections of the conduits being
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20 without flow ng through any conduits of said first and second set of
condui ts. 37. A heat transfer systemas set forth in claim36 wherein
t he vaporwpasraga®oof the first and second nani f ol ds extPemdsdéiiagerzas | y
across a gap between the first and second sets of conduits and criss-cross
one anot her. . 38, heat transfer systemas, set forth in. any _one of

cl ai ne 36d5heredn theerd of ORBRAUPLIE SPIRREOY A fhe SRRIDBTANEIERE of

condui t's ﬁ{e%oﬁ&kﬁ?stt%ﬂ{g cﬁéﬂo\éecffnrtﬁé gﬂh-of air dovv_n§t9eanﬁoﬂ“tﬁ@%o$lﬁﬁg%ﬁl.er system as
set forth in any one of clains 3b-38 wherein the vapor passages of the
first and second nmanifolds extend across a top of a gap between the first

and second set g, of ndui ts. 2012/ 103009 /U 2/ 8 40. A

heat transfer 293t¢%ﬂ5§H@8?a?%%? _ ﬁ“%%§@88§8§F?§?§iﬁggiéﬁéénmherein sai d
pl ural i tycahbia@mehivite anGHE Absthntbil Haddidehin@acpigt asRdewithia theh@epipehan 1/ 2
t ubi ng. 41. A heat transfer systemas set forth in any one of clains

36-40 wherein the length of each of said plurality of conduits is in the

range of about ,100 | hche A heat transfer system as
set forth in a%% on%ﬂgﬁp@ﬂéﬁﬁggggﬂh@i%ﬁéwgch?ﬁé;kgég%gi%gl%%n ains no nore
t han a 35%hefar @e comnnphpsemeatidsidihnga Washiipatcdnlfigihtion and at least a

portion of the common vapor manifold is on the same side of the heat pipe as at least

one of the liquid return sections of the conduits.

22. A heat pipe as set forth in any one of claims 1-11 and 16-21 wherein
the evaporator sections and condenser sections are configured so they are doubled

back on themselves.

23. A heat pipe as set forth in claim 22 wherein the common vapor
manifold has an inverted U-shape and is on the same side of the heat pipe as the liquid

return sections of the conduits.

24. A heat pipe as set forth in claim 22 wherein the conduits have a
horizontal U-shaped configuration and the common vapor manifold has an evaporator
leg adjacent and connected to the evaporator sections, a condenser leg adjacent and
connected to the condenser sections, and a vapor passage extending between the

5  evaporator leg and condenser leg, the evaporator leg being positioned inside a portion
of the evaporator sections of the conduits and the condenser leg being positioned

outside a portion of the condenser sections.

25. A heat pipe as set forth in any preceding claim further comprising a
valve moveable between first and second operating positions, the valve producing
relatively less resistance to flow of vapor through the common vapor manifold in the
first position and relatively more resistance to flow of vapor through the common

5  vapor manifold in the second position.
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43. A heat transfer systemas set forth in clains 36-42 wherein the heat
pipe is a first heat pipe, the systemfurther conprising a second heat pipe
conpri si yO 2bivwsooand second sets of conduits, each set pofi/usendopizss
conprising a plurality of conduits extendi ng between open ends and spaced

vertically fromone another, the 5cqonduits of the first set being in
general |y sideg%y-s' aP%W&#ﬁéﬁ“ﬁ?@amﬁﬁ£hEéWBﬂ%Fggﬁﬁawﬁﬁw§§U®ﬁh set and

spaced | afigfeldi Muéis M LORIARAAYLES, B sLNEMIBERRLingGtheYpife 6MMprising, @
first vapor manifold conmprising a eg at one end of the conduits of the

first set, anothbralitggf adndaits,apposondaitenduding thevaporader sestigf ext¢ralicgecond
set, and vapo assage extendi.ng between and in fluid conmmunication with
the I ogs BrFRerpPreiREe R LT teotiel B ThraRt Aot EhTT i Bhc " acr oss
the gap bekweBpfbhe febbifd oRNEnd O ARG c§RESYCdond RNl tadigaR] vaRRkegdA, f | ow
bet ween the ends of the conduits of the first set and the opposite ends of

t he condufhediaytd rehan section dorsearh cordyiidteingronnegted tothpevapaetetsPiePvitt hout
flow ng t QE)&Hgg'n %Xy ﬁr8ﬁl1qh'é h?st 8{)ensé’j}{ddanfdlcroﬁrtiec%qo %ﬁecé)orﬁgeés%{‘ se%{ioﬁ\ Qtr.'agu' ts, and

position away from the second open end so the evaporator and condenser section are

in fluid communication with one another through the liquid return section for flow of
10 liquid condensed in the condenser section to the evaporator section, the liquid return

section of at least one conduit being distinct from the liquid return section of another

of the conduits; and

a common vapor manifold in fluid communication with and extending

between the first and second open ends of each of said plurality of conduits so vapors
15  produced in the evaporator sections can flow from the first open ends through the

common vapor manifold to the second open ends without flowing through the

conduits.

27. A heat transfer system as set forth in claim 26 wherein the conduits are

substantially straight.

28. A heat transfer system as set forth in any one of claims 26 and 27
wherein the heat pipe is a first heat pipe, the system further comprising at least one
additional heat pipe, each additional heat pipe comprising:

a plurality of conduits, each conduit including an evaporator section extending

5 laterally from a first open end of the respective conduit, a condenser section extending
laterally from a second open end of the respective conduit, and a liquid return section,
the liquid return section for each conduit being connected to the evaporator section at
a position away from the first open end and connected to the condenser section at a
position away from the second open end so the evaporator and condenser section are

10 in fluid communication with one another through the liquid return section for flow of
liquid condensed in the condenser section to the evaporator section, the liquid return
section of at least one conduit being distinct from the liquid return section of another

of the conduits; and
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15a second vapor manifold conprising a | eg at one end of the conduits of
the second set, another |leg at an opposite end of the conduits of the first
set, and wowvapan3@assage extendi ng between and in fl ui drcomsemzoat2ioHn Wt h
the l egs of the second nmani fold, wherein the vapor passage extends across

t he gap between the first and 5§60 d . sets of condujts so vapor can flow
bet ween the en8SOBMONHAPYIRMIfAS MHfuidicempynigatiop withiand gytepiiigopposite ends

of thes C09&We&1§tlféfﬁrﬁtkh%d%gé“d?ﬁ%péﬁEn&smf%b!&{‘oftsla dﬁﬁfé‘ﬁ%f"c%ﬁ&ultsf%ma[o@sd wi t hout
flow ng through any conduits of said first and secdnd set of conduits,

wher ei n t hewdgexiondhtheapopiqyecitmnnest Bawianhihe firkieopen cds theaigh e so t he
first and _second sets uits for th econd.heat pi re positioned
" the. gapoBEohsaRrRuTiokf RIBYMiRad Shert s SEFREANERk fiobSh BT Phe 11 1ot

heat pi peconduits. 44. A heat transfer systemas set forth in claim43
further conprising a third heat pipe, the third heat pipe conprising; a
plurality of conduits extendi ng between opposite open ends; and a vapor

mani fold in flyhd camupiGakdsidhl @8 ki QR BOWREINEHR ntRGifds" St

are arranged relative to one another to form an array of evaporator sections on one
side of the system and an array of condenser sections on an opposite side of the

System.

30. A heat transfer system as set forth in claim 29 further comprising a first
set of fins on the evaporator sections and a second set of fins on the condenser

sections.

31. A heat transfer system as set forth in any one of claims 26-30 further
comprising a frame supporting the heat pipes and fins, the frame being configured to
extend from a first ventilation duct into a second ventilation duct different from the

first duct.

32. A heat transfer system as set forth in any one of claims 26-31 wherein
when the evaporator sections of the heat pipes are in a relatively cooler environment
and the condenser sections are in a relatively warmer environment, the evaporator
sections can be operated as condenser sections and the condenser sections can be

5  operated as evaporator sections without requiring any tilting of the heat pipes to

reverse the flow of the liquid in the conduits.

33. A heat transfer system as set forth in any one of claims 26-32 wherein

said plurality of conduits are made of tubing no larger in diameter than % inch tubing.
34. A heat transfer system as set forth in any one of claims 26-33 wherein

the length of each of said plurality of conduits is in the range of about 100 to about
250 inches.
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5and second open ends of each of said plurality of conduits so vapors can
fl ow between the first and second open ends of the conduits through the
vapor nmarwbabtk/msaohout fl owi ng through the conduits, PCT/UsR@R®22218 he
conduits for the third heat pipe are positioned in the gap between the

first and seco sets of conduits for the second heat .pipe. .45, A
heat transfer gg-steﬁql}fét%ts?iréwﬁniaﬁsa aﬂwmwwtogéﬁal@%ﬁ%ﬁﬁm%% fourth
heat pi peetifag: ﬁiﬁé‘&éxﬁaiﬁ_@ﬁ‘é midkPthak 3B Ha 'of%h@lxxHﬂé‘x'lg friyigof conduits

ext endi ng between opposite open ends; and 5a vapor manifold in fluid

communi cation with and extendi ng between the first and second open ends of
each of said p tween the first and

second open enég‘r g:‘ 'Ai‘ﬁeé%)%%ﬁg%g?'%&%slﬁa%t}é‘ﬂpﬁﬁ%‘n%‘%B{gl hro?'\évw?be?‘g?%l W% hout f1 owi ng
t hrough t bEfee@iduétt $n a ventilation systéMeiRIsRstbMeoaPhiditashehOpipé BEmpIRg,h heat
pipe are posit Iﬁ?s? gr?d Iseréortlc? getsg g CO?lgfli\ill\S‘? garllch set of conduits comprising a plurality of
conduits extending between open ends and spaced vertically from one another, the
5 conduits of the first set being in generally side-by-side relation with the conduits of
the second set and spaced laterally from the conduits of the second set,
a first vapor manifold comprising a leg at one end of the conduits of the first
set, another leg at an opposite end of the conduits of the second set, and a vapor
passage extending between and in fluid communication with the legs of the first
10 manifold, wherein the vapor passage extends between the first and second sets of
conduits so vapor can flow between the ends of the conduits of the first set and the
opposite ends of the conduits of the second set through the first vapor manifold
without flowing through any conduits of said first and second set of conduits, and
a second vapor manifold comprising a leg at one end of the conduits of the
15  second set, another leg at an opposite end of the conduits of the first set, and a vapor
passage extending between and in fluid communication with the legs of the second
manifold, wherein the vapor passage extends between the first and second sets of
conduits so vapor can flow between the ends of the conduits of the first set and the

opposite ends of the conduits of the second set through the second vapor manifold

20  without flowing through any conduits of said first and second set of conduits.

37. A heat transfer system as set forth in claim 36 wherein the vapor
passages of the first and second manifolds extend diagonally across a gap between the

first and second sets of conduits and criss-cross one another.

38. A heat transfer system as set forth in any one of claims 36 and 37

wherein the conduits of the first and second sets of conduits are substantially straight.

39. A heat transfer system as set forth in any one of claims 36-38 wherein
the vapor passages of the first and second manifolds extend across a top of a gap

between the first and second sets of conduits.
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10t he first and second sets of conduits for the second heat pipe. 46.
A heat transfer systemas set forth in any one of clains 36-45 wherein the
heat pi pewO0sumpwPt ed by a frane nounted in a ventil at iPOm/UsgeR2OM23® t he
conduits of the first and second set of conduits extend froma position
within a first duct to a position within a second duct different fromthe
first duct and the first set of conduits 5are upstream of the second set of

conduits in eagh of Atg fridstlr spREMSS QTR HPARS, one of claims 36-39 wherein

said plurality of conduits made of tubing having a diameter no larger than 7 tubing.

41. A heat transfer system as set forth in any one of claims 36-40 wherein
the length of each of said plurality of conduits is in the range of about 100 to about
250 inches.

42. A heat transfer system as set forth in any one of claims 36-41 wherein

the heat pipe contains no more than a 35% charge of a phase changing working fluid.

43. A heat transfer system as set forth in claims 36-42 wherein the heat
pipe is a first heat pipe, the system further comprising a second heat pipe comprising:

first and second sets of conduits, cach set of conduits comprising a plurality of
conduits extending between open ends and spaced vertically from one another, the

5 conduits of the first set being in generally side-by-side relation with the conduits of
the second set and spaced laterally from the conduits of the second set by a gap,

a first vapor manifold comprising a leg at one end of the conduits of the first
set, another leg at an opposite end of the conduits of the second set, and a vapor
passage extending between and in fluid communication with the legs of the first

10  manifold, wherein the vapor passage extends across the gap between the first and
second sets of conduits so vapor can flow between the ends of the conduits of the first
set and the opposite ends of the conduits of the second set through the first vapor
manifold without flowing through any conduits of said first and second set of
conduits, and

15 a second vapor manifold comprising a leg at one end of the conduits of the
second set, another leg at an opposite end of the conduits of the first set, and a vapor
passage extending between and in fluid communication with the legs of the second
manifold, wherein the vapor passage extends across the gap between the first and
second sets of conduits so vapor can flow between the ends of the conduits of the first

20  set and the opposite ends of the conduits of the second set through the second vapor
manifold without flowing through any conduits of said first and second set of

conduits,
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wherein the second heat pipe is nested within the first heat pipe so the first and
second sets of conduits for the second heat pipe are positioned in the gap between the

25  first and second sets of conduits for the first heat pipe.

44. A heat transfer system as set forth in claim 43 further comprising a
third heat pipe, the third heat pipe comprising;

a plurality of conduits extending between opposite open ends; and

a vapor manifold in fluid communication with and extending between the first

5 and second open ends of each of said plurality of conduits so vapors can flow between

the first and second open ends of the conduits through the vapor manifold without
flowing through the conduits,

wherein the conduits for the third heat pipe are positioned in the gap between

the first and second sets of conduits for the second heat pipe.

45. A heat transfer system as set forth in claim 44 further comprising a
fourth heat pipe, the fourth heat pipe comprising;:

a plurality of conduits extending between opposite open ends; and

5 a vapor manifold in fluid communication with and extending between the first

and second open ends of each of said plurality of conduits so vapors can flow between
the first and second open ends of the conduits through the vapor manifold without
flowing through the conduits,

wherein the conduits for the fourth heat pipe are positioned in the gap between

10  the first and second sets of conduits for the second heat pipe.

46. A heat transfer system as set forth in any one of claims 36-45 wherein
the heat pipe is supported by a frame mounted in a ventilation system so the conduits
of the first and second set of conduits extend from a position within a first duct to a
position within a second duct different from the first duct and the first set of conduits

5  are upstream of the second set of conduits in each of the first and second ducts.
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