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refrigerant vapor/fluid line (6) operatively connected to the insul ated
liquid/fluid Iine (3) at a point above the liquid trap (7), where the
on-insul ated vapor/fluid Iine (6) is in thermal contact with its adjacent
sub-surface surrounding elenents by neans of a heat conductive fil

material (12) inserted as necessary to fill any void space, in any
borehol e or excavated area, between the vaportfluid [ine and its
respective adjacent sub-surface surroundi ngs. WO 2004/ 027333 A2
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DESCRI PTI ON | NSULATED SUB- SURFACE LI QUI D LI NE DI RECT EXPANSI ON HEAT
EXCHANGE UNWO 2uilski3ed QUI D TRAP 5 A portion of this patertT/dsmosmsoézocont ai ns
material that is subject to copyright protection. The copyright owner has
no objection to the facsimle reproduction by anyone of the patent
docunent or the patent disclosure, as it appears in the Patent and
Trademark office patent Me or records, but otherw se reserves all
copyright rights whatsoever. 10 BACKGRHERORABFIONe present invention

relates to an imr@mmﬁwﬂ@mﬁmﬁn%@mmm Ee ERPANSTERange
h g/ coo

apparatus for use in association wth any eatin Ing systemutilizing

sub- surface heat exchange REAXRCHANGE WINITIVETEHLIQUEDI BRAR: al source of
heat transfer, as well as to inproved 15 nethods of installing direct
expansi on sub-surface heat exchange tubing. G ound source/water source
heat exchange systens tfypirtighiofthispadent dodumeng contrinsdnatevigbthat dopsdjat
tubing buried int , . %@’g’]i f - to

ei ther absorb heat@?@#@? p{%%c?ozyg%@ t g?%?@&%?%‘ggn%%b%ﬁlgﬁg%gﬁ?ri ng
geot hermal nass an#@@h@p@@dMWLY@wmmgftm@%wﬁ dgtunrens obvhe getbnt ubi ng.

Water-source heat &ﬂ%{%{}&' Asﬂgaﬁe%&@ffﬁh%yj%lt&%lal ﬁh%%ﬂ%ﬂ%&ﬁ dtbag AL HAL €7

with anti- freeze, | asti c ‘Under ground geot her INng SO as to
transfer heat to wacofdsohmttdbbergnssunaserved alhcapysighbrightsediateestrange st ep

third heat 25 exchimGIROBND AL E o2t 10 Ori ¢ Tan to transier heat (o
or fromthe refrigerarfhetpresmdtinemtipooteldtas év aorimproved pabesurfice,emt in-
Cransport i nes. ar EoRgilRle HERR0AG Y AbPIRMIOELS S Fesiion A7h A8
wat er, typically cheairgipeling systan geliaimg shibwutfaceshesth eachaRg? Bleniemts aba
primary or supplemental source of heat transfer, as well as to improved
15 methods of installing direct expansion sub-surface heat exchange tubing.

Ground source/water source heat exchange systems typically
utilize fluid-filled closed loops of tubing buried in the ground, or
submerged in a body of water, so as to either absorb heat from, or to
reject heat into, the naturally occurring geothermal mass and/or water

20 surrounding the buried or submerged {ubing. Water-source
heating/cooling systems typically circulate water, or water with anti-
freeze, in plastic underground geothermal tubing so as to transfer heat to
or from the ground, with a second heat exchange step utilizing a
refrigerant to transfer heat to or from the water, and with a third heat

25 exchange step utilizing an electric fan to transfer heat to or from the
refrigerant to heat or cool interior air space.

Direct expansion ground source heat exchange systems, where the
refrigerant transport lines are placed directly in the sub-surface ground
and/or water, typically circulate a refrigerant fluid, such as R-22, in sub-

30 surface refrigerant lines, typically comprised of copper tubing, to transfer
heat to or from the sub-surface elements, and only require a second heat
exchange step to transfer heat to or from the interior air space by means

of an electric fan. Consequently, direct expansion systems are generally




30 surface refrigerant lines, typically conprised of copper tubing, to
transfer heat to or fromthe sub-surface elenents, and only require a
second heat exchange step to transfer heat to or fromthe interior air
space by nmeans of an electric fan. Consequently, direct expansion systens
are gener alwe 24020884/ 027333 PCT/ US2003/ 030020 2 nor epel/b$2003030020 han

wat er - source systens because of fewer heat exchange steps. Further,
because copper is a better heat conductor than nost plastics, and since
the refrigerant fluid circulating within the copper tubing of a direct
expansi on systemgenerally has a greater tenperature 5 differential with

t he surrounding greers@ticent tbmwﬁgqreﬁoutqersaeﬂemsih@gausmﬂﬁwrtmet pichangec
tubing of a water-$er Rrfes! BEBaue ek . a beREr HRXEWRMCAR aid dbid | 1 ng
is required, and installation costs are lower, with a direct expansion
system than with Plaiicer sabgice thy sefrigerypt fluidneiseulpting mitiia/the-ceaper heat
exchange designs a{pink@R%iddledt exphBsbshOidsh dTRE fﬁgreaee\feceﬁg% vel oped

i ntended to enhance_ overall szhstem operational efficiencies. Several such
desi gn i npr overfentdifferential; witdhthy guryomndipgt grundighas, Be3vews deculitigs, and
in US Patent NO.wiimn8ltf Ptk ruWhB99f £ iwdbr-soukr ksgl o of, whi ch
are incorporated “ﬁergi n bg ref erence. _T‘fese rpsfci o?é’g%?%hs&gglgaﬁlgall?ﬁ’ t each
the utilization ofexqayagon gnd dridling isyequisedh ging instaBatiorbiostst avd lowermnwmitlhr al | y
surroundi ng geot hefifRt ehERRShALL Witih, Wbl Y ed fluid return

|l ine. However, becausee%ﬂr?l y thg ?F‘ﬁb.hé return Hnséu%éé%?%\su'at ed, and
because both the suppWpilamapst én-gronilfimesterkeatekchange designssiredeasible,hout a
dedi cat ed smal |er ~3iiggd; j h L& ' [ | i ne_and a 20
dedi cated | arger - si zegg% eﬁoﬁ%%%g%?{?\%gggyP%e{l‘lcfgpgﬁ%egggé?gFl}’lﬁaemg6“7%11' 0
facilitate appropsystem erefrafioral mifficiencins! Pewardl sethudesigapapidvgmentsaameep
well (greater tha Q5 ) Lr b l.i i t.hese prior
designs are i nteng%#qforeg'tsn%%uﬂ#'a%gég(’gm%ﬁquﬁvlg%o%?lﬁz‘gc?‘t(g ?166‘*‘%‘32@?- of the
surface) direct eddHGFIdntosPaggsmedpgl i ibat distiosunkre of epacatairegndonpaatedver se
25 cycl e node. Fun i I ; i rovi f.or
dedi cated |i quid/ ﬁgg% b?’itr%?e?‘rc%pi,‘}%rsﬁ ?’%Ea’ﬁjﬂ%%%’?ﬁr%aﬁg“\?‘&lg %‘Eaé“'gég% P%%%%"b"ﬁ ?afqui d
line and a dediscatedprwaledr fluidesupdy abine oswlyeited ton ymtexedlyt isngrouefimigger ant

geothermal temperatures, with a fully insulated fluid return line.

However, because only the fluid return line is insulated, and because
both the supply and return lines are all the same size, without a
dedicated smaller-sized refrigerant liquid/fluid transport line and a

20 dedicated larger-sized refrigerant vapor/fluid transport line so as to
facilitate appropriate refrigerant supply and return capacity in a deep
well (greater than 100 feet deep) direct expansion application, these prior
designs are intended for a near-surface (within about 25 to 100 feet of the
surface) direct expansion system application, when operating in a reverse

25 cycle mode. Further, these prior art designs do not provide for a
dedicated liquid/fluid line trap, in conjunction with a dedicated liquid
line and a dedicated vapor line, so as to assist in preventing refrigerant
vapor from migrating into the refrigerar;t liquid line and decreasing
system operational efficiencies.

30 Other vertically oriented geothermal heat exchange designs are
disclosed by U.S. Patent No. 5,461,876 to Dressler, and by U.S. Patent
No. 4,741,388 to Kuriowa. Dressler’s ‘876 patent teaches the utilization
of several designs of an in-ground fluid supply and return line, with both



vapor frommigrating into the refrigerant liquid |line and decreasing
system operational efficiencies. 30 O her vertically oriented geothernal
heat exchange designs are disclosed by U S. Patent No. 5,461,876 to
Dressler, and by U S. Patent No. 4,741,388 to Kuriowa. Dressler's 876

pat ent teacWes09e733% i |1ization of several designs of arRCTmsmemesnaetof | ui d
supply and return line, with both WO 2004/ 027333 PCT/ US2003/ 030020 3 the
fluid and supply |ines shown as being the sanme size, and not distingui shed
in the clains, but negl ects to insulate either the fluid return line or
the fluid supply | I.her 3/ ect| t he heat gained or lost by the
circulating fluid iih(‘i g“‘dsﬁﬁ t u(IPPij mali Wﬁf?se(]?f’mé’sg't%éa@&p%?ﬁy W18t r et urn

lines come into Clcﬁsﬂn@hﬁi@dﬂlr{ YhdViclahimONButr RBFIBAE B inkdlatOUinbedhe thhdnsfer
poi nts. Dressler al |scI es. the alternatlve use of a_pair of

concentric tubes, ‘t“Fi‘ Bélub‘%?'ﬂg’ Il thetehe SE@P@“&E‘@H@%%&!@N omi t h
the inner tube Surlbﬂi%@cﬁ)éullaﬁﬁﬁlﬂ d&rh‘%hoﬁcﬁ%iﬂﬁfé‘ eﬂ‘éHtaStﬁ$éLﬁ)tp1 cil' ple

concentric tube desi agn reduces t short-circuiti ng f ect
practical Iy difi ceFerninassore apriclass progimites withcens @rmbherratrmnoaneheat/ cost -

prohi bitive, and ifraplgespiiats. xS sesliafaiosd l:HeqM'tél'gEhG@ g%gf ga]tga 'ofat ed

vapor line with a liquid line trap. Kuriowa~s
sinmilar to Dress| eongenty kukas, g asitube beinguwighi %iérﬂoreabf ﬂhenéh@i, amth but

better, because KuheOWaher iiBH! @bffunde®@ By 18NSk 6 56&#{1&;1' | Wiite Vi 15
surroundl ng it wth jnsulation, thereby reducing the "short-circuiting"

effect. However, Kupltmigcongeriziciybe Aesign redmees @&t ‘ehort-iciyguiting| effechrit i

dedi cated vapogg | i cemamp Betet@4h Sudld aﬁah{aaﬂc Thea L:&)ﬂﬁrbmﬁﬁctfoklgﬂﬂcost-
reservoir, claime g{b Kuriowa in all I s desi can wor

sour ce geot her mal B9RibHive, pad ilcdges pot hamﬂud@ﬁ&aﬂeﬁ%qm Lot podla dedicatefi rect
20 expansi on sub- spphAGige SWigh SMigPAI B k! KRSl tbﬁgngﬁg Sob3! Sllbnt is

operational refrigerant charge 1 nbal ances, conpressor
col | ecti on/ r et ent | SHiBF §hDeersler’s swbsasmant enizal girownst ricgeirahling glaom, patcket s

due to the extra- Qe bodagkd qtuﬂ&wrﬂﬁ‘sul@c@gi 4?%:%6&% th 'fyt hﬁ{as%sm‘“’s

a concentric tube design preceding Dressler {6 the 25
same probl ens &5 [MuEepsmding itpgith Hasulatien, ttheteby Dredusing rtha ahorKcurq:lu’wag

effect. However, Kuriowa does not have a dedicated liquid line and a

dedicated vapor line with a liquid line trap. The lowermost fluid

reservoir, claimed by Kuriowa in all of his designs, can work in a water-

source geothermal system, but can be functionally impractical in a direct

20 expansion sub-surface system, potentially resulting in system

operational  refrigerant charge imbalances, compressor oil

collection/retention problems, accumulations of refrigerant vapor pockets

due to the exti'a—large interior volume, and the like. Kuriowa also shows

a concentric tube design preceding Dressler’s, but it is subject to the

25 same problems as Dressler’s. Further, both the Dressler and Kuriowa

designs are impractical in a reverse-cycle, deep well, direct expansion

system operation since neither of their primary designs provide for, or

claim, an insulated smaller sized liquid line and an un-insulated larger

sized vapor line, which are necessary to facilitate the system’s most

30 efficient operational refrigerant charge and the system’s compressor’s
efficient refrigerant supply and return capacities.

Generally, a design which insulates the supply line from the

return line and still permits both lines to retain natural geothermal heat



designs are inpractical in a reverse-cycle, deep well, direct expansion
system operation since neither of their primary designs provide for, or
claim an insulated smaller sized liquid line and an un-insulated |arger
si zed vapor |ine, which are necessary to facilitate the system s nost 30
efficient operamspzmsl refrigerant charge and the systernrdsus203mpeRESOr' s
efficient refrigerant supply and return capacities. Generally, a design
which insulates the supply line fromthe return line and still permts
both lines to retain natural geothermal heat WO 20041027333

PCTI US2003/ 030020 4 = exchange exposure, such as a thermally exposed,
central |y insul at 8change sReYHel Skbags axHieamglly Lﬁﬁmosedagem’ra%l@mnsm}aw,ggs in

V5. Patent AppligahbAflaTRoat] Grchdee bbit, WA fiheh? UyNFALALIAYES. kLN DY

ref erence, mould be_preferabl e over non-ins esi gns
whi ch 5 insul at e AvpbeationNes 19/437.81h-vshickh as:enqmateﬂohm@v by wefetemce,he

device in Wggs' wcﬁ?&tf et AL QRred ?ﬁ g@gét AVEIRNInLYEL: RSl @hlch 1N @

sub- surface soil application, 1t cou be su ject to s e M nor
short- circuitisng aletaspenigntaf 0§©|$Eb'ﬁblcfé¢ﬂ hm |Hovearen rwhile; thpodevierimat i on

in the un-insul ageggé' 8t AdoliBicH io'8H4H rawn?edtom}epgg& 2, b TPgyp.10 110 2

di rect expansion supply an turn refri 1ines may be
defined dependi ng Snﬁavmef!lh@pphmmn,eitr@géi atill he allrlsgltrﬂo sameeming sharpl yi ng

refrigerant o, ! MRACOERIR0L b sbhOBulAfl SHithe by M SHBPLYyL] Do, o

is returning refrigeran e conpressor ®return
| i ne. Conver sel y, unheswdpteddiquidliye dumibeﬂeﬂelﬁaﬁemsmxgmmt transport line

Supplying 1 efrjoger ant §,0, Qlcl SLMLAAC LS HISLARl, LIPTLLCpaLeLLOr i

handl er, which is also operativ rger
lines to the conpﬂmssmaywﬁldeﬁneﬁ)wmndimgw Wlhmbexpl;he&efngedmtltmpoﬂmnebel ng

designated as a r?bt %#lﬁn?ere%{a%g%ntme al r hagsg_,lne{l el he%‘geg%él r}llgs}rralcglfal and

as a supply line e "Cooft I'ng "o
under st ood by thoseplslklhheedon s tréfmraing . relﬁmgerah’e fiveatthe geompatessbinego gtheund i s

e cvaporator a0 CoSLARR TREE bl SHRC el RO O

15 refmgerant {ransport ]me supplymg reﬁ’lgerant to, or returning
refrigerant from, the interior air handler, which is also operatively
connected via refrigerant transport lines to the compi'essor unit, would
have the opposite designation, being designated as a return line from the
air handler in the heating mode, and as a supply line to the air handler
20 in the cooling mode, as is well understood by those skilled in the art. In
the heating mode the ground is the evaporator, and in the cooling mode,

the ground is the condenser.
For purposes of this present invention, supply and return lines are
defined based upon whether, in the heating mode, warmed refrigerant
25 vapor is being supplied to the system’s compressor, after acquiring heat
from the sub-surface elements, in which event the larger interior
diameter vapor/fluid line is the supply ]_ine and evaporator, and the
smaller interior diameter liquid/fluid line- operatively connected to the
interior air handler is the return line; or whether, in the cooling mode,
30  hot refrigerant vapor is being returned to the sub-surface elements from
the system’s compressor, in which event the larger interior diameter

vapor/fluid line is the return line and condenser, and the smaller interior



defi ned based upon whether, in the heating node, warned refrigerant 25
vapor is being supplied to the system's conpressor, after acquiring heat
fromthe sub-surface elenents, in which event the larger interior dianeter
vapor/fluid line is the supply line and evaporator, and the smaller

i nterior diamsbsrrassqui d/fluid |ine operatively connecteuuszoshaso20i nt eri or
air handler is the return line; or whether, in the cooling node, 30 hot
refrigerant vapor is being returned to the sub-surface elenents from the
systenis conpressor, in which event the lager interior dianmeter

vapor/fluid line is the return Iine and condenser, and the smaller interior
WD 2004/ 027333 PRimmeszdogidfeitbinsis desvwwply ling, gis greplyng qopled Loud he
supply line, via LG 1600LEM0) iUk Aqlef €f rigerant to the interior air
handl er. None of]%ﬁgg%g#gg art degc??bed gpove addresses an inproved neans
of designing a direct Nompaofsthenprips tasindeenringdr ehove stddegaspe ansimproved
heating/cooling s PEl.at via.l I | ¥n OB SMRLEBE. St erior
di aneter |ine, dé%?%%ggfﬁg%ﬁé#@$fif%?%??%%?ﬁ???dﬁg refrigerant_tﬁgnsport,
whi ch snal | er § i riseating/cheling syistere dpexstion Vst inswlating enlyronetrmnailes intsgorode
and as a supply li.ne Ln {he ' mnae MRl bARREAR Bhabri €aSt
one, or two or nn%%gggﬁg%%%é@&%g%ggr Lnt%#?%rq |aneﬁgfﬂﬁ#nes,_dg%i ned 10
primarily for vapehichlsmadler lingspur be utilizeshascapeipre Jingdn dhe herténg B1QA¢ ace
area thermal heat_t f : LIRSS nloRel A6 DEASH 1RGuIIRAE 28 MLhsfS
return lines in tﬁ%{gggfﬁhﬁﬁﬁ%%ggpgﬁf%g éin#égbt_tmp, farAer %gnbiﬁed
i nterior di anet eroneyapawbfdruindrer efimliget, datger ielesiop diametae finep lepignpd el y
connected to qpe, _snal, i ' ' elhidh QW Hofiadi Sy haial SsEa0t 15
transport Iin39mo%?%E%%ﬁ%¥éﬁ%§&ﬁghd?%%§§§b%3{ ecad%% o?%%ﬂe f%sulting
expanded heat traashahesualf bew toosfacs swely, linessiniheckeating medesandaer e
only one, larger interk.or di tens V. I HL Gt iEddt 1 Rr iy ;
operatively conneEethéIéfl 393()%1%?%&%{11“&&?%@“ oér3 %ilgérettg@: q'{l{gau}:ﬂﬂllnﬁﬁid
refrigerant |ine noeficr dimscetme ypef/fnibirefrigeranthirprsmeri dingsr opexeevelpr 20
di amet er vapor/fluid refirjgerant |ine .i I ks anQMaga e aC et Y
| ocated, insul at efP™EHER, to? “GPaie ag‘%&ell%l%ﬁl?g/ (?1?:!&%%&? efri gfehr%zgtlnftf&L']L:;g%%@fJ "Coul d. be
15 transport line would generally be preferable because of the resulting

expanded heat transfer surface contact area, instances may arise where

only one, larger interior diameter, vapor/fluid refrigerant line,

operatively connected to one, smaller interior diameter, liquid/fluid

refrigerant line could also be preferable, or where a larger miterior

20 diameter vapor/fluid refrigerant line is spiraled around a centrally

located, insulated, smaller diameter liquid/fluid refrigerant line could be
preferable.

An example of where only one, larger interior diameter, vap or/fluid

refrigerant line, operatively connected to only one, smaller inferior

25 diameter, liquid/fluid refrigerant line could be preferable would be in a

near-surface horizontal, or less than vertical, application. In such an

application, where surface land area was sufficient, the expense of well-

drilling, or the expense of a large surface area excavation, could be

avoided by simply excavating a trench, several inches to one foot in width

30 and about three to four feet in depth below the maximum frost/heat line,

via a backhoe or a trenching machine, and simply installing/inserting the

lines and backfilling. In such a simplified application, which also

eliminates the necessity to connect multiple, often ten or more, heat



preferable. An exanple of where only one, larger interior dianeter,
vapor/fluid refrigerant line, operatively connected to only one, smaller
interior 25 dianeter, liquid/fluid refrigerant Iine could be preferable
woul d be in a near-surface horizontal, or less than vertical, application.

I n such anwoapeldzzasi on, where surface |and area was s®#ETUSRME030020he
expense of well- drilling, or the expense of a |arge surface area
excavation, could be avoided by sinply excavating a trench, several inches
to one foot in width 30 and about three toefour feet in depth bel ow the
maxi mum frostl heat 1line, via a backhoe qQr a trenching hlne ﬂ_S|an
installing/insert |1F?§15feﬁelmeﬁllﬁe§ hexigo W‘fl $-PTeRgmatg %‘%(‘E‘H C%‘i‘vﬁBP?IP

application, whichegd$8-face! difdch )&gﬁnﬁlbﬁ feRe&Sid Yiqufd fﬁ%nﬁﬁ&ulmdléd ee,
often ten or nore, heat WD 2004/0

7333 PCT/ USZ 3/ 030020 %Bsf er |lines
in a horizontal wierbalgdest thernoint, wathinithe, swhsiy; gpdion, ﬂs§ Vade direct
expansi on syst ens po@tldt GHE dnd bﬁﬁwﬁ?&ﬁg&aﬁt ﬁﬁemhewﬂieae&ﬂsﬁqt@th hie i nt,

wi thin the sub-surface |ocation, that is belowthe point at the end of the
refrigerant IlﬁeSCW@@ﬁ@Pﬁﬂﬁ%té@VW%&"& line 5 connects to the

un-insul ated vapor Ilnw;neééhga%s@toci&é@omné@mﬁ %@hﬁﬂg%&@&%tdeﬁkmyl ting
effect is desirable, and where the tinme and expense of constructing other

desi gns, such as andm@thqﬁmetaaé@xmnsn|0£cwstmﬁngeﬁhea depipne|sugh 85 Agl e

fluid return lineggady, n—?dﬂﬁzbewﬁﬂlﬁ'é’tnﬁdépl%x {pirﬁfedoémélg%ﬁ@@&u?ﬁ?ﬁ@ dngit eri or
di anmeters, could be 1o financially, functionally and/or efficiently,

prohibitive in a singls ﬂpida@@PlldﬂJPécﬂtf the sams Yredppbrieatiagetersneoulidee t he
thermal exposupe ?f}ﬁ cif ,amfﬁﬁ&ﬂ)lnﬁllﬁﬁﬁﬂjt]%@enﬂﬁaﬁroﬂm i a bihGureRe tube,

coul d be too cent d too heat transfer Testrictive, a system
desi gn i npr ovenentitsctuexpabsion ppplieation) andushere thecteporhemesurecst o&Af ect i ve

instal I ation nmethqg,, 1&% o@ﬁeqﬂa%ﬁe&ftr%@éﬁmepgrmeacmﬁé&% ENichE-eaReR i n a

sub-surface direct ansi on application, wth close to zero-tol erance
short-circuiting d6d deat trapsien Testmishiveda sypley desigr impaevertenhrald der f ace

area capacities, %nge rabfid NyRich | gubﬂm&a%&' debRblembdtAR TRANGatRn LH&KBA! t om of
t he sub-surface eat exchange lines to assist in_preventing refrigerant
vapor nmigratiol capable of operating in a reverse-cycle mode in a sub-surface direct

expansion application, with close to zero-tolerance short-circuiting effect,
with expanded sub-surface heat iransfer surface area capacities, and
with a liquid refrigerant trap means at the bottom of the sub-surface
heat exchange lines to assist in preventing refrigerant vapor migration

20 from the refrigerant vapor line into the refrigerant liquid line.
DISCLOSURE OF THE INVENTION

It is an object of the present invention to further enhance and

improve the efficiency and installation cost functionality of prior art
direct expansion geothermal heat exchange designs. This is accomplished
25 by means of providing an insulated, sub-surface, smaller interior
diameter, refrigerant transport line, or tube, designed to transport
liquid/fluid refrigerant in a sub-surface environment, which 1is
operatively connected to at least one, larger interior diameter, and
preferably two combined larger interior diameter, un-insulated, sub-
30 surface refrigerant vapor/fluid transport lines, or tubes, which vapor
lines are in direct thermal contact with sub-surface, heat—cpnductive,

elements.



20 fromthe refrigerant vapor line into the refrigerant liquid line.

DI SCLOSURE OF THE INVENTION It is an object of the present invention to
further enhance and inprove the efficiency and installation cost
functionality of prior art direct expansion geothernmal heat exchange
desi gns. Thicebgezamsonpl i shed 25 by means of provi di ng P&AUSAYHPP %,
sub-surface, smaller interior dianeter, refrigerant transport |ine, or
tube, designed to transport liquid/fluid refrigerant in a sub-surface
environnment, which is operatively connect&d to at | east one, |arger

interior dianeter, and preferably . conbi.ned | ar.ger .| b O £l ter,
un-insul ated, sub 30 sliriFaak aﬁé@?@t\f!’\%ﬁ‘ft %%ﬁ/‘f‘]‘"iﬂtgmt F%%%(g%é A ﬁa@g& or
tubes, which vaporesdsbngs tfhfai thellowethodthegmaht obtiteanteratitdly sermestedf ace,
heat - conducti ve, eiirerrents. WO 2004/ 027333 PCT/ US2003/030020 7 it is an
addi ti onal obj ect sub-sutfpep TefRESRRH IR BOPBFFde a 1iquid refrigerant trap at
the | owernost segnent @f a%ﬂ@ﬁr@béevgfeyeﬁbnn&g‘éeeﬁes,sl:hb-mseﬁﬂdavwéiomi ger ant
transport lines. To acconplish these preferable O%Feqc%i Vesa. %haerltpﬁgﬂent
invention 5 irscl doduddsyifylly pslatgte gmallah ) PEFOF ntBET" 4T amret er

refrigerant fluidpddABSRRLL whidhGnsWateamiingulmte dis axivehdsrtha 6 depine
extends the full dept

d/ or I'ength of _the t L, flui
unit, generally plomdéua leg;]@hg%t@egg?tg?%‘f‘%, H‘%ﬁ?ﬁﬁn’f’t}%g&ﬁtﬁ: e?"%%él&ir?lg'?{?g;igned

to transport a rq{,-rtiﬁgegameh&auiwaﬁ&ﬂ Uhing is prichawlly clesighad tostrapswoat iavel y
connected to at io]l

east one, and preferahly two, adjacent, n I psul at ed,
thermal |y exposedefigeraedr ﬁ@‘é@@%da‘fdnf"’éﬁ“ab?(mﬁilﬁr@fa it ef’?rlmgegérlgn H ui d
transport lings, har et heyhaLagt bRMwAe Oadjideat,i Gondhadeted; thefmalgfer ant
transport lines are prinarily de,sigr_led to trargﬁor .a heagalca;)prg T%;Oir%/e
refrigerant vaporéxposadd lavgel comkined inierion dipapeteh efrigsral T BATROY
transfer lines is are |A 0 {2Gheded@5HBined Mletic dibinidier Tufrigeriant trahapet
el enents, whether SOI'T " and/or_rock and/or clay a d/orql}sﬁlantd and/.or wat er
and/ or anti - f r eezelin@nareoprimhabna¢signedyio, transPoltTh  ReakeBYS BV 6e€ ease of
installation, vapor/fluid, and where the larger interior diameter heat transfer lines

15  are in direct thermal contact with the sub-surface elements, whether soil
andfor rock and/or clay and/or sand and/or water and/or ranti-freeze
andjor thermal grout, etc. This method provides ease of installation,
veduced installation costs, and more evenly distributes heat transfer,
with more heat transfer contact surface area than a typical single heat

20 transfer line, within either a near surface, or a deep well, direct
expansion sub-surface excavation or borehole, all while thermally
insulating the smaller interior diameter liquid/fluid refrigerant transport
line so as to avoid virtually all potential short-circuiting in-efficiencies,
whether operating in the supply or return modes, in a reverse-cycle

25 system.

A borehole and/or well in excess of 100 feet deep is herein termed a
“deep well” system. As a design example, in a vertically oriented, or
angled, four-ton system capacity, deep well borehole, an insulated
liquid/fluid refrigerant transport tube, such as a %" 0.D. copper

30 refrigerant tube, is fully insulated along its entire length, approximately
500 feet for example. The bottom end of the liquid/fluid refrigerant
transport tube is operatively connected to at least one, and preferably

two, un-insulated vapor/fluid refrigerant transport tubes, such as two



reduced installation costs, and nore evenly distributes heat transfer,

with nore heat transfer contact surface area than a typical single heat 20
transfer line, within either a near surface, or a deep well, direct
expansi on sub-surface excavation or borehole, all while thernal

i nsul at i ngwigeesmamss er interior diameter |iquid/fluid PGTR$§@W§W{wtransport
line so as to avoid virtually all potential short-circuiting
in-efficiencies, whether operating in the supply or return nodes, in a
reverse-cycle 25 system A borehole and/os well in excess of 100 feet deep

is herein termed a "deep well" system As a design ex l e, . in.a, .
vertically orienteedpedsive TARgP &Y, COPPﬁ}’rleﬁag?réyfsf‘gi‘?ﬁc%ﬁ ?P’Bmﬁd% dgfeﬁiéﬂli‘
borehol e, an i nsUl A athvo | bAl/shi kthmpleMiisUaisaDited NANSYA raffigerastich as a

V' O D. copper 30T Igerant tube, is fully jnsulat t ire
| ength, appr oxi natxahwor’ﬁmef}@éta rmrelle ARSHeT dfarRetspt f‘%‘?nafg gr&

i qui d/ fluid ref ri éa'}f‘terﬁ)f S RREdy, taRe orS cARsIhad,i wgbwﬂxﬁdneéﬂquramb at
| east one, and pr rab wo, un-insulated_vapor/fluid. refri gera

transport tubes, manhpmhnm%ame@ﬂ e JseEnyUSIBLA] BIFOIY P
respective 7/8" ,gqglpg,{anfp%r ﬂl}_%ﬁﬁéﬂﬁteﬁ%ﬁigerﬁﬁﬁﬂqlﬁﬁfﬂ&@tﬂanﬁﬁﬂt timet in

respective | engt h exa e 1nsulated |iquid/f gw d frllgjt[_arant
transport |ine ham1ghisanisiserof|mt3é& i @D.eoppet spirigprant (1 e’uW‘ ‘é(ﬂl

larger interiof diANBLes i QN5 RlankAINARAN.IRRLI:bM tangjort Dnssanict
transport i nes. system desi gn, such as a two-ton ca aC|ty

system for exanpl eespbtmelmsanswtevﬁ arla‘?rpéér%?ell reggerant Hike: £y line

m ght consi st of 3/ O.D...c efid &b 204 o MRE] réftidetan® tka'z{sgeﬁ
conbi ned interl® a%‘le %EIF%Srt Q/ngbggﬁ rﬁ{ed I‘%fl‘l erpant transpqrt |ine Eght

respectively ConSItﬁ'besOiream ﬂf.réc‘t thetmalcopissk Witds e gub-aHTia¢PemeRts, ¥

10 The at | east one, and éo%r%ployo Ig@gQ{flé‘M qoé]@fc[ayg@ﬁmtwweﬁ,nsport
tubes are in dire con

act W|t he sub- suyr g %Ypl ch
el ements may consws:h-ﬁéeze,nzea’rer ambﬂehtfteeé%rﬂﬂlhﬁ theymal gaquéfisuc i’\‘?ﬂﬁ?
anti-freeze, water N uid, thermal grout (such as a thermal
s el ARk

grout 85 mxture) s two-sized, smal rﬂor | anmet er
insul ated |iquad |ine Ehﬂ, two—smed smaller interior diameter ms ated L ne an

larger interior un-insulated vapor line, refrigerant transport tubing
design permits reverse-cycle operation via an insulated, smaller interior
diameter, supply refrigerant line in the summer, and via the same
insulated, smaller diameter, return refrigerant line in the winter. In such

20 a reverse-cycle direct expansion heating/cooling application, the smaller
diameter liquid/fiuid transport line should always be fully, or mostly,
insulated, while the larger diameter vapor/fluid transport line, or lines,
would always be thermally exposed and never insulated, except for
insulation at very near-surface locations within the frost line. In such a

25 system, the smaller interior diameter, insulated, liquid/fluid line would
act as the system return line in the heating mode, returning the cooled
refrigerant from the interior air handler to the ground/water to be
warmed as the refrigerant fluid passes through the vapor/fluid line, or
lines, on the way to the system’s compressor, and would act as the

30 gystem supply line in the cooling mode, supplying the refrigerant fluid,
cooled by the groundfwater as the refrigerant passes through the
vaporffiuid lme, or lines, on the way to the system’s interior air-handler,

while, conversely, the un-insulated, at least one, and preferably two,



| arger interior un-insulated vapor line, refrigerant transport tubing
design permts reverse-cycle operation via an insulated, smaller interior

di aneter, supply refrigerant line in the summer, and via the sane

i nsul ated, snaller dianeter, return refrigerant line in the winter. In such
20 a reverg® nymhes3gli rect expansi on heating/ cool i ng apFCrdER4dpro030he

smal ler dianeter liquid/fluid transport |ine should always be fully, or
nostly, insulated, while the |arger dianeter vapor/fluid transport |ine,

or lines, would always be thermally exposed and never insul ated, except
for insulation at very near-surface |ocations \Htérn]',n theaﬁ 0S li?‘? In
such a 25 system larger eembingd interier jddsmefelganor/iui AR |alcéli'ﬁd: | ui d
line woul d "act agJfig SSheMECHULE ldalifs fodd ant GRkIDGCIRE ehe Brtemni ng
t he cool ed refriderant '

fromthe interior air haqdl er to tge gﬁ)unﬂ{Mt er
to be warned as rétern dines i ths cooting; modsa dmpsrteAtlpunts ¢t ¥aghoris P d 1 ne,
or lines, on the yay.t %&%ﬂ?%&%ﬁ,&ép@ﬂﬂﬁﬁsﬁﬁu& wilhith MboletloleGenasliyhe 30
system supply line in the cooling node, supplyjng the refrigera&t fluid

cool ed by the groprmidesanorgsheraal keat trpmstensuptaes atea pfasy gt anly one

vapor/fluid |ine,

. » vEBorthAES 1in8 " wollfd VERbvide, (A SyctiePdllyS pebbriifsi Of better

ai r-handl er, while, conversely, the un-insul ated,_ at |east _one, and
preferably two, WGiGbuiigpr3de heal urolyy vasy/Siyidlinps, }n@ﬁg?ﬂrﬁlécge’
interior diameter,,vaRor Jxlaléb%ﬂ_l;ia@lasefmymy aRbrifge Heat taYiSkem sappint | i nes
in the heating rmge, and woul d act as the system return lines in the

cool i ng mode. | npeeothatthgl, suswundings. [Hoyevet, Wi SHBUmMStFnEes VTR nHlE v
exposed, vaporiof | yi dikd ﬂﬁ?nl‘\f i@ RQLSRALErSRRGHAL tibnSpdat Bk desldmer e

thermal heat transter surface area contact than only one vapor/fluid |ine

woul d provi de, andngdaedaiity therlarges Btarior EpmetarsrigRTAN, AradFPeh dMeeat

conductive vapor/f]| ijri dI iar}?.é WM HR Nk diSorPUred Cinsubt®iods dimrilder €o ewtenl y and
efficiently di strisBHAE héat transfer to adj acent = geot her nal

ent geoth suy r oyndi ngs.
However, if circurshiguesonmsrsown nhidet aforeseid] WisgsH 986 jngterdi ’c"eﬁ‘e
liquid/fluid refr iagg,}ggﬁq% WIABSOOLL 14 GaiGRUI ol thhD Sidi6r Widfobi®y | ar ger
r

interior dianeter er ahsport |ine spiraled around the exterior
of the insul at ion, sisidiideawithoorihthe xebwmn ne wmenioipdads sheywin i Wetﬁﬁ‘é‘f B9r esai d

Wggs' 986 pat entpa n&s,i r%hé hcgntmlly located, insulated, line would be the smaller

interior diameter refrigerant transport line, for use as both a supply and

a return line in a reverse-cycle system operation, and the line spiraled
around the insulation would be the larger interior diameter refrigerant
20  transport line.

For a direct expansion system, the present invention will
additionally facilitate ease of system installation, with the one, and
preferably at least two, refrigerant vapor/fluid lines simply being
attached to the exterior of the imsulation surrounding the central

25 insulated refrigerant liquid/fiuid line, typically with each of two
respective lines attached on opposite sides of the insulated liquid/fluid
lLine for better heat transfer distribution, with the entire assembly then
being lowered into the borehole. A good method of insulating the smaller
interior diameter liquid/fluid refrigerant line is to surround the line with

30 rubatex insulation, or the like, and then to place the rubatex insulated
line within a plastic pipe. The plastic pipe will enhance insulation
properties, will provide a firm support to attach the larger interior
diameter vapor/fluid refrigerant transport line, or lines, to, and will help



aforesaid Wggs, et al, 314 patent, except that instead of a uniformy 15
sized line, with only the return line insulated, as shown in the said prior
patents, the centrally located, insulated, |line would be the snaller
interior dianmeter refrigerant transport line, for use as both a supply and
a return | izpeobsmeassever se-cycl e system operation, andPCRASPIOFE308Y; 1 al ed
~around the insulation would be the larger interior dianeter refrigerant 20
transport line. For a direct expansion system the present invention wll
additionally facilitate ease of systeminstallation, with the one, and
preferably at |east two, refrigerant or/flud I|n

attached to the e¥? ®FFGRt she Fﬁ'%at?}hg’i?% 28 }l?u?ﬁ‘ff’ﬁ'élﬁ E'éﬁ% ‘9?5

insul ated refrigergasl wdlfWosttoleli T khd Seatii®imedd, ythel Eilib- @ame’@f nébodal
respective |lines attached on opposite sides of the insul i d/fluid
line for better h&aetheymalhest coptept onsurtesas thy ?‘Ff‘pf’@méﬁ’flﬁ? ghea%cg‘gﬁﬁ t hen
bei ng | owered i nt QefeprNAr 8RANE - froin ARO AntERioR Ofr Hantils Uindd ithe shibewdawl | er
interior dianmeter liquid/fluid refrigerant lineis to s und the |ine
with 30 rubate¥ i rstrounsisg vig the pmalleg dntegion digragler dl%‘ilcﬁ@’él AU BB e x
insulated 1ine WG pitR tRE %&&n%d%ﬁ@geré&ﬁevd%ﬂ%w@ngobwm%héh SRNBRGE:

insulation properties, wll provide a firmsupport to attach the | %rger
interior dianet emmommﬁewvamrf%%b Yipe, 9% biges tq thesompregspy,pat

and will help WO 3004{02/333 E&}E{é Uﬁ%f)@?du%(éoﬁ&um gE&thxﬁéﬂeﬂéaﬂ b@téﬂbat ex

fromtearing as the assenbl lowered intog a deep well eholg In the
heati ng node, the opetntend B@Idﬁa)‘tfﬁf Hith fé’éd%"l‘ié’ﬁﬁﬁer?f@a‘fap% EHE BP8r at es

as the eyaporatpr ’tthBﬁ {éés%rc&hﬂ jrkth CtHé GhrgE it S8 @R etdronippgafaomihe
interior air handler |n{D e sub-surface 5 surrounding via_the sm?ller

interior di ameter lnegr diresyinto rthe (up-spriaee SUHABDRNER 15 RNy Higgcoo

refrigerant vapor ]Hu?&“ %&f%nﬁ *Ho%!ﬂé" &Jleﬁlo?d 8k sindlie¥ | iateribr 28Rt er
vapor/fluid supply T1ne I nes to the conpressor_unit. In the cooling

node, the ground' shqu@ﬂulfdaqupgbfd%l}?éiﬂ%ﬂheH%@Poﬁﬁt}@ﬂﬁleroper ates as the
condenser, with the hog, 'él%fe@f)Q%ﬂ%fedé&%hsfoh%ﬂlpﬁgaﬁdrpﬁbﬂfﬁdtfw ﬁétrﬂuégssor

uni t |ntothelarger interior dianeter vapor/fluid_return dndf i nes,
into the sub-suff awdnsuneasshiapyescaratad fiepah err2 aribicaldon, beyond 50 feet in

length, an oil separator, well known to those skilled in the art, should be

attached to the system’s compressor unit so as to prevent loss of internal

compressor lubricating oil into the low geothermal line, or lines, at the

bottom of the borehole or at the end of the excavated area. As the use of

20 an oil-separator to prevent loss of compressor lubrication into refrigerant

fluid supply and return lines is well known, this aspect is not shown in

the drawings. Other customary direct expansion refrigerant system

apparatus and materials would be utilized in a direct expansion system

application, including a receiver, a thermal expansion valve, an

25  accumulator, and an air-handler, for example as described in U.S. Patent

5,946,928 to Wiggs, which is incorporated herein by reference, all of

which are well-known to those in the art and are therefore not shown
herein.

Further, in a direct expansion application, the lower segment of

30  the liquid/fluid refrigerant transport line should be bent or configured in

a U shape, or other non-restrictive shape, and coupled to the at least one,

and preferably two, vapor/fluid refrigerant lines approximately 1 to 3 feet

above the base of the borehole, so as to provide a liquid refrigerant {rap.




liquid refrigerant flowing out fromthe smaller interior dianeter
liquidtfluid supply line into the interior air handler. In a deep well

di rect expansion. application, beyond 100 feet deep, 15 or in a
near-surface excavated trench area application, beyond 50 feet in |ength,
an oi |l sepdoedoz73sel | known to those skilled in the aPCI/USHEI¥Ye '
attached to the system s conpressor unit so as to prevent |oss of internal
conpressor lubricating oil into the | ow geothernmal line, or lines, at the
bottom of the borehole or at the end of thet excavated area. As the use of
20 an oil-separator to prevent |oss of conpressor, |ubricati L nt
refrigerant fl ui MWEWS%}HHW BreYPRiing RELSSFILE ﬁ%é'ﬁgeﬁ%v‘ﬁ-?ort ﬁ'iql%bl%ﬁs%g?t i s
not shown in  the (ianiNosie ChdeF QR trahdpRel 1oy padsihaddifiondbr ant
system apparatus and materials would _be utjlized in a direct expansjon
system applicati ot ap me eibitveg far aeg ofhwigrating %’@%ﬁm EXPRRSIB PN VE,. an 25
accunul ator, and ag,altshae pe5vidihg kol aBRbEnaSitRBAAE edbil, WHikiSs #Rat ent
5,946,928 to Wggs, which is incorporated herein by reference, all .of

which are wel | -kndwna thsividh stade, hagkhinte the Fstprging réfEizetans ea“ﬁlof’veé’ﬁ‘é

herein. Further, i ellrs | aqpl i cation, the | ower segnent of

30 the Iiquid/fluﬁ%h?gﬁgﬁgg%gﬁ%gggigggﬁrt | i ne. shoul d Qe bent or
con-figured in a U shape sabity presavtionrsainstreirigerand g lenks. ohaf 2063 to
the at |east one, f rdybdevistird 8 bhlydsieanteHold) €he
approxi mately 1 tSﬁgﬂgg@%gIﬁ@%@%”ﬁ%gggggywiiahe borehole, so gs to grovide
a liquid refri ger asvbicct dpveniion 208y be ZposiZugbes SOISEOWIPXPTHIS2ICRe] LhappRe \ij | |
assist i Prevept MeuEXGesmbier EREFiHY QLA e BRI BSedrbAiTingS ghad | Ng
into the primarily Trquid transport line, and w |l additio ally ct,as an
oil trap for any osihgleilgreioleadut mhere Hhere dnph lasiopne fad giretsrabl §Ega(fr55tor

uni t, provi ding_ SOgE, a3skatARGEI: R nthiAtt ifioRl vapbhRGia efrighaa Sink 2
liquid state, back 1nto e returning refrigerant_and eventually  returning
it back to the commeesiwly coxmegted 40 eash ysrrrehiiie Siwlegarsiad JRERRE 1ine

eaks, or as a meagsp ol \AREHALIISHRLikRs Hflh 16 406l baghdyst ens from

only one borehol e, .
15 Generally, the length and the depth of the insulated smaller

interior diameter liquid/fluid refrigerant transport line should extend to

the same lengi:h and depth of the operatively connected un-insulated
larger interior diameter vapor/fluid refrigerant transport line, or lines,
except for the slight additional length of the insulated lquid/fiuid

20 refrigerant transport line occasioned by the U bend, or liquid trap, at the
bottom of the borehole, or at the end of the excavation, where the at least

two different interior diameter sized lines are operatively connected.
Generally, the said at least two different, operatively connected, interior
diameter sized lines should always extend to at least 75% of the length

25 and the depth of one another to prevent system operational inefficiencies.
The subject invention may be utilized as an individual unit, or by

means of multiple units connected by tubing in series or in parallel by
means of common fluid supply and return refrigerant lines, to increase
operational efficiencies and/or to reduce installation costs in a number of

30 applications, such as in a conventional geothermal direct expansion heat
pump system, or as a supplement to a conventional air-source heat pump
system or other conventional heating/cooling system. The invention may

be utilized to assist in efficiently heating or cooling air by means of a



subj ect invention may be constructed so as to provide nore than one |0
insulated smaller interior diameter liquid/fluid refrigerant lines in a

si ngl e borehole, but where there is at |east one, and preferably at |east
two, un-insulated larger interior dianeter vapor/fluid refrigerant |ines
oper at i vel wecmoieissd to each respective single insul atPSATGSABOBOY nt eri or
dianeter liquid/fluid refrigerant lines within the sane borehole. 15
Generally, the length and the depth of the insulated smaller interior
dianeter liquid/fluid refrigerant transport2line should extend to the sanme
| engt h and depth of the operatively connected un-insulgted larger interior
di anet er vapor/ f | donged @iy hepting/rooking sEghemy of tp@ssigh 1 £ ée,nﬂye@‘caglﬂ)‘g For the
sl i ght addi tional Jsngtia@f i heydidiivkadhidmedfébn d 20 refrigerant
transport |ine occasioned by the U bend, or liquid trap, _.at the  bottom of
the borehol e, or at thEhenedireshevreintheArawings emiodimentsaf tie inggtion 35,0
different interi Ol Al ARt Sttt kh\A3 KR Bnd8H0ad,] &Y e, ONHRE Gired. any _
General ly, the saifd at reast two different, operatively connected, interior
di amet er si zed 4 i mawnhsnoef] thsnlapre smallers iferior é{anlleé%ﬂlquﬁ T &yt h 25
and the depth of Q{J&S%HRHE&EJS oRIPEEUG R edSHRE RIEHORVEB dyRbativelyn 8drrie6ie@NCi €S.
The subject invention nmay be ut ﬁ I zed as an individual unit, or b)é nmeans
of multiple units iponweidtedf byrapgernerfsiia a%rﬁ“@‘obeﬁtoﬂﬁ%g%?’é?m%&lﬁ? teheans of
common fluid S“pp'x}’n.ﬁﬂﬂlart W PoxiBfifl i GFE bt koM@ Port lifled HEEARAGN aGREIRBY | ONal
efficiencies and/or to redice installation costs.in a nﬁg‘oer of, 30

appl i cati ons, suclofaeTingementn\saph a8 raralidlospedladl orgbhectike, ALHEFD % eat

punp system or, as e%t&#&m ﬁF@rgxcltlaﬁlg% HROY&RLHANE N Bd sor®iette G0 BRRE sREHTD
system or ot her cohvenfional heating/cooling system The |nvent¢‘lgg(§geay be

utilized to assistunits af biepberriep drantnasglledr theoBvpmdom, is nojy g a W
2004/ 027333 PCT/ USZ003 Q3008 Sured b fifflic?bhd NG AEAGARID NhoR¥S 1P Rhe OF 1 0
|

[
assist in effici en%lfny eatihg or cooling water in a hydroni i )
heati ng/ cool i ng syduesvingsThwhehademoheiwate; ¢ tsieelelr AU oHBRFTNEREEDB! t he
invention as presentl| .ef : uLdnBRrt LI $iRPd, biteie Viefuid t hat
since any 5 nunbe&‘abq‘d?rg{slﬁwggfé%&isrﬁaheg%i nt g_%or di amétt_er |iquid/f]Juid
refrigerant trasspamp, duensivepednaetied te o, xadnaHatedcapabingd/ lrgerdpirer| vel y

connect ed, diameter, vapor/fluid refrigerant transport lines, and which demonstrate

a single un-insulated larger interior diameter vapor/fluid refrigerant
transport line spiraled around, and operatively connected to, an
insulated smaller interior diameter liquid/fluid transport line, with a
20 bottom liquid trap, wherein:

FIGURE 1 is a side view of a first embodiment of the invention,
showing a borehole in the ground with a smaller interior diameter
_insulated refrigerant liquid/fluid transport line centrally located between
two combined larger diameter un-insulated refrigerant vapor/fluid
25  transport lines, where the two vapor/fluid lines are operatively connected
to the one liquid/fluid line at a point above a U bend, or a liquid trap, in
the liquid/fluid line near the bottom of the borehole, or deep well, and
where both respective spaces in the borehole containing the respective

lines ave filled with a heat conductive fill material.
30 FIGURE 2 is a side view of an alternative embodiment of the
invention where a larger interior diameter vapor/fluid line spirals around
a smaller interior diameter, insulated, - liquid/fluid line, where the

vapor/fluid line is operatively connected to the insulated liquid/fluid line



in a variety of arrangenents to any nunber of larger interior dianeter
un-insul ated, vapor/fluid refrigerant transport lines installed in a
variety of arrangenents, such as parallel, spiraled, or the |ike, and
since the lo geothermal heat exchange unit described can be connected to
ot her suchwaousid/®@risa one of series or in parallel, thePCAISAOPEII0S not
limted to the sinple exenplary arrangenents and instrunentalities shown
in the draw ngs, which denonstrate a single insulated smaller interior
dianeter liquid/fluid refrigerant transportsline, with a bottonlliquid 15

trap, operatively connected to two, _un- |nsul ted,.cC n‘glJ gl a({jg I nterior
di aneter, vapor/f laiiadpeiat ﬁb‘l)’éraaﬁtbeﬂiaﬁ"sﬁ&qtm jraBsin IHGERDR ate  a

singl e un-insul at g, iRkQ8T of mﬁ&rbbfahogl aeleRp WaAROkA WiHede HOTH rgpeate
transport line spiraled around, and operatively connegt ed to nsul at ed

smal l er interior ciparstiarthei hpmeholg Petainine HRGBISPEtive ehineg; arh ﬁ&leﬁz‘bi Gt tom
liquid trap, V\herq{egtc‘gdqgﬁfﬁﬂnh&t@ﬂagl de view of a first enbodi ment of the
ore

i nvention, showng a eint eground with a smalle mtergokll
di aneter i nsul®at ed reFIGgBEaatlsm gide Ve atcen PHREHGTE qpbpdinghit Pt &
| ocat ed bet ween R&4 ak@ihgﬁateq, Qﬁﬁﬂéfm%dr%@ﬁe?qld&cﬁ!ﬂhﬂﬁﬁﬁé\t
vapor/fluid 25transport I nes, where the two vapor/fluid || nes are

operativel y connedisexperativelsheomnecteli gupal/y-insalateds Jarger intexion; digmstsd a U
bend, or a liquid fﬂgﬁpﬂuiamdnetﬂ% ﬁdlﬁgab%éw ferld, BR 2 MGR1A &rhS, Ak OA 6fa t e

borehole or deep where both respective spaces in the borehol e
cont ai ning the resmm{suvhce trenaded greavatipp attawi t h a heat conductive fill

meterial. 30 Fl GREpdriobiskBk YARNANGOUY ERIBVERTSOROI Ment of the

i nvention wheré’a I anet er vapor Ine spirals_around
a smaller interior di arffiiieefollowingl detailpd :deperiphicwy fip u?fd the nhest \pessentihe
vaporlfluid line is Gl b &dsdrd %hdéfnlotjl d

i ne WD 2004/ 02733?"%?%@0‘%5%0%0% g Itl%Ejuat eaﬁg%étﬁfrpg‘%ovesa% bend,

liquid trap, in thinténdedi o & Hiniting sensaeand isheadpeelsh & ’E}’r?eplb’&"%é?lfe or
deep well, and vhepg, OLA fe PERLLNMAnGARE BBUINNIERIROTRE LAoEORLALEE NGt he

respective lines a conductive fill material
' 15 and advantages of the present invention may be more readily understood

with reference to the following detailed description taken in conjunction
with the accompanying drawings.

Referring now to the drawings in detail, where like numerals refer

to like parts or elements, there is shown in FIGURE 1 a side view of a

20 borehole 1 in the ground 2 with a liquid/fluid refrigerant transport line,

or tube, 3, surrounded by insulation 4, operatively connected at a distal

end by couplings 5 to the distal ends of two un-insulated vaporffiuid

refrigerant transport lines, or tubes, 6 at a puint above two respective U

bend liquid traps 7 in the liquid/fluid line 3, which is divided at point 8

25  into a first liquid fluid line segment 9 and a second liquid fluid line

segment 10, near the bottom 11 of the borfehole 1. The liquid/fluid line 3

and the vapor/fluid line 6 will vary in size, depending on system design

capacities, but the interior diameter of the liquid/fluid line 3 will always

be smaller than the combined interior diameters of the vapor/fluid lines

30 6. For example, in a direct expansion reverse cycle system design, the

liquid/fluid line 3 may be a 1/2 inch O.D. liquid refrigerant transport

copper tube, and the vapor/fluid return line 6 may be a 7/8 inch O0.D.

vapor refrigerant iransport copper tube. In the cooling mode, the



5 FIGURE 3 is a side view of an alternative enbodi nent of the invention
where an insulated, smaller interior diameter, liquid/fluid line is
operatively connected to an un-insulated, larger interior dianeter,
vapor/fluid line at a point above a U bend, or a liquid trap, at the end of
a near - sunfcemewdrsached excavation area. to BEST MODE PEORSEREBONG OUT THE
| NVENTI ON The followi ng detailed description is of the best presently
contenpl at ed node of carrying out the invention. The description is not
intended in a linmting sense, and is made splely for the purpose of
illustrating the general principles of the invention. The various features
15 and advant ages dixectidneofpihe yefrigeranteftay i theasikbarrfase delriggrRntyir4f®er st ood
wth reference tofhe f gld @Mgb%g@fswm&fowma kR drake RefiiBecBifuwCt i on
wi th the acconpanying draw ngs erring now to the drawings in detail,
where like nurreralmtheehmngtrmdel ke parts or elenents, there is shown in
FIGURE 1 a side view rd |

liquid/fluid refri gergi;lnt tpréér%ls'%gr ?ltﬁdﬁnéénﬂ the ﬁ%u@éﬁ@?‘ﬁ%ﬁ%ﬁ?gﬁe % and

insul ation 4, ocpenainsniityd cvapoeBiit linesa Gdlas'% aplignedd apg éb‘ijp‘l“i“ﬁ@%la?dt o the
distal ends of tug HOAARYLAY BCeNAREY Wil dne WoRHGLOAr Btint EARRBOLLD] T nES,
or tubes, 6 at ap51 tl ovetvvorespectlveU bend quid traps 7 in the
i qui df f | ui d | i ne sarfavhilehtios, diong cddleast [F5Y¥nef QGGZQGIJtht ang, lFﬁlﬁtgt of| theyi d

fluid l'ine segmen ﬁﬁﬁ[ﬁ 3%1% f b8 f3e98ERie. 10, near the
bottom 11 of the Bgsruéateﬁh% Hqi]l"!e ul %T“twggﬁelhne and r?e vapor/fluid
line 6 will vary in si%he niayhmh n!gn@nr b@@?@m@éspfbﬁnﬁfdaﬁf&éﬁal joBsAesHEl t he
the. conbi ned | 1 er B bl bkl HELAM prg 11“%%23%%‘85‘§”%t“ra€%‘x;2§?e
in a direct expansimiforrielewssasictubiny ordhe diksi @‘he respective prtigns ofithe | i ne 3
may be a 112 inch qU| r ant Q¥ ARPRhet31b&d ad the
vapor/fluid returrpqrghoe no%] %%Hl ﬂﬂe ulglguglé@ c%/ué%lgr ref? er ant
transport copper t\tﬂ@ﬁrlﬂmd him 6,0@1'3 r:gsmdfd‘eely tiled Witk 00 g porsdrctive fill

PCT/ US2003/ 030020 14 d ctl c#‘%ﬁ c&{cg%@egqﬂﬁdfégg Iamikg, smlnsur face

refrigerant trans ’e§uc reverses direction fromthat
of the refri gerlﬁntstf)iug\yea gravel, powdered stone, thermal grout, or the like. Because the

vapor/fluid lines 6 are respectively in direct thermal contact with heat
conductive fill material 12, heat is transferred to or from the ground 2,
located directly adjacent to each side of the borehole 1, through the heat
conductive fill material 12 on each respective side of the vapor/fluid lines

20 6, to or from the refrigerant fluid within the vapor/fluid lines 6, thereby
effecting the desired geothermal heat transfer.

FIGURE 2 is a side view of an optional design where a larger
interior diameter vapor/fluid line 6 spirals around a smaller interior
diameter liquid/fluid line 3, which is insulated 4, where the distal end of

25  the vapor/fluid line 6 is operatively connected by means of a coupling 5 to
the distal end of insulated liquid/fluid line 3 at a point above a U bend
liquid trap 7 in the Hquid/fluid line 8. )

FIGURE 8 is a side view of an optional design where a smaller
interior diameter liquid/fluid line 3, which is insulated 4, is inserted in a

30 horizontal fashion in the a sub-surface location, e.g., ground 2, where the
distal end of the vapor/fluid line 6 is operatively connected by means of a
coupling 5 to the distal end of insulated liquid/fiuid line 3 at a point
above a vertically oriented U bend liquid trap 7 in the liquid/fluid line 3.



in the heating node. In a preferred enbodi nent, the insulated liquid/fluid
line 3 and 5 uninsulated vapor/fluid lines 6 are aligned and the

uni nsul ated. vapor/fluid. line 6 extends within the borehole 1, or in
anot her sub- surface |l ocation, along at |east 75% of the depth and. |ength
of the inswd@bec7sasquid/fluid. line 3 within the bor e RSTEUSRIOH2Ex anpl e.
The insulation 4 nay be conposed of any material or design 10 exhibiting
adequate thermal insulation properties, such as rubatex. and/or hol | ow

pl astic tubing, or the like. The respective portions of the borehole 1,

not containing the insulated liquid/fluid Iine 3 and the vapor/fluid |ines
6, are respectively fiAlhonghi particutrraembedimeats ¢& & systempapd mghodsto g cp
as cenent, concr eteﬁh eft!hH 'opera o8 effiBehdifUhith insfURBGH cddt fEhaRMaliBesr
gravel, powdered stone, thermal grout, or the |like. Because the

vapor/fluid |ines géothremaldsiae exehaaigy insializtianstare fesqrihedc Bris 2ot iferded heat
conductive fill erl : ty h B et I i apnd 2,

| ocat ed directlyn%%?ﬁ%%h@%%%qgggﬁméﬁgﬂiﬂgﬁ%he bgﬁgﬁgﬁgu%fﬂ?ﬁ%gﬁgﬁhﬁﬁe heat
conductive fills metesptak sdXoxh indlohfollewingrldivs: si de of the vapor/fluid
lines 20 6, to or fromthe refrigerant fluid within the vapor/fluid. lines
6, thereby effecting the desired geothermal heat transfer. FIGURE 2 is a
side view of an optional design where a larger interior dianeter
vapor/fluid line 6 spirals around a snaller interior dianeter liquid/fluid
line 3, which is insulated. 4, where the distal end of 25 the vapor/fluid
line 6 is operatively connected. by neans of a coupling 5 to the distal

end of insulated liquid/fluid line 3 at a point above a U bend. 1liquid
trap 7 inthe liquid/fluid line 3. FIGURE 3 is a side view of an optional
design where a smaller interior dianeter liquid/fluid. line 3, which is

insulated 4, is inserted in a 30 horizontal fashion in the a sub-surface

| ocation, e.g., ground 2, where the distal end of the vapor/fluid line 6 is
operatively connected by neans of a coupling 5 to the distal end of
insulated liquid/fluid line 3 at a point above a vertically oriented U
bend liquid trap 7 in the liquid/fluid. line 3. WO 2004/ 027333

PCT/ US2003/ 030020 15



Al t hough particul ar enbodi nents of a system and nethod to enhance the
operational efficiencies and installation cost functionality of geothernal
heat exchange installations are described, it is not intended that such
description be construed as limting the scope of this invention, 5 except
as set for o toae2hss3f ol | owi ng cl ai ns: WO 2004/ 027333 1@ CT(UARPE030020
- PCT/ US2003/ 030020 What is clainmed is: 1. A geothermal heat exchange unit
conprising: at least one insulated refrigerant fluid transport |ine having
n 5 inner dianeter, with at |east a | owetns portion and | ower segnent of
the at |east one insulated refrigerant fluid transport |line positioned in
a sub- surface location; a first un-insekdBMSs) g transport line having a
di stal end operatyygliyceprgdied to the | ower segnent of the |east one
insulated fluid 10 transport line in_the sub-surface |ocation, with at
| east the |ower pdrti oft geptherraakheat exqhangmanif SeBTIFINGT d transport |ine in

thermal contact wth Sybreastibh@aRulRbE vb@getaht Bd Ihsdbit! BEELhhARALION; and
wherein the first un-insulated fluid transport |ine has an inner ~dianeter

that is |arger % hdnneniamptenywith ahlaash a lywerpertign audhlopep pegraery of faagtat ed

refrigerant fluid léa{s%%9%§u1£ﬂeaemﬁ¥ger£ﬁeﬂﬁaocm%eﬁl 1RE Bbsi BNHEIIBROL supl t  Of
claim1l wherein the | ower segnent of the at |east one insulated fluid

transport |ine corfyriaselpcatignirst |iquid trap operatively connected to the
distal end of the firsf #ay mmh@atts&i Al ahdRR5 ! hhiiRg Al diltalodrd
wi thin the sub-surface | ocation O that is above the first liquid trap. 3.

The geot her mal hearexstivalymgapledite tb¢ memesmema?fr’ﬁhglwt erginpuiatedfeide t he
first un-insul eq;rist‘ﬂbﬂ 3&{ ﬁgsc 9@.&1) gmsce%éa%ﬁsw% altqééstt B Yortidn €

percent of the of the insulated fluid transport |ine
within the sub-sur ah@ﬁrs@@a@tmewatezlsﬂmdtzﬁaiv@pgréémnenﬁh@rmvé&@n@m gabuni t of

either of claiml s%fa% ﬁaa'ﬂax'galmthe sub-surface location; and

wherein the first un-insulated fluid transport line has an inner
diameter that is larger than the inner diameter of the at least one

15 insulated refrigerant fluid transport line.

2. . The geothermal heat exchange unit of claim 1 wherein the lower
segment of the at least one insulated fluid transport line comprises a first
liquid trap operatively connected to the distal end of the first un-
insulated fluid transport line at a point within the sub-surface location

20 that is above the first liquid trap.

3. The geothermal heat exchange unit of either claim 1 or claim 2
Whel':e the first un-insulated fluid transport line extends at least seventy-
five percent of the length and the depth of the insulated fiuid transport
line within the sub-surface location.

25 4. The geothermal heat exchange unit of either of claim 1 or claim 2
further comprising a plurality of un-insulated fluid transport lines each
having respective distal ends operatively coupled to the at least one un-
insulated fluid transport line by a second fluid trap.

5. The geothermal heat exchange unit of claim 1 wherein the inner

30 diameter of the at least one insulated refrigerant fluid transport line and
the inner diameter of the first un-insulated fluid transport line are
adapted for operative connection to a closed-loop direct expansion heat

pump system.



- further conprising a plurality of un-insulated fluid transport |ines each
havi ng respective distal ends operatively coupled to the at | east one un-
insulated fluid transport line by a second fluid trap. 5. The geot her nal
heat exchange unit of claim1l wherein the inner 30 dianmeter of the at
| east one ivagbdoadeeBsr efrigerant fluid transport |ine amET/¥3e03{05(02¢
di aneter of the first un-insulated fluid transport line are adapted for
operative connection to a closed-l1oop direct expansion heat punp system
WD 2004/ 027333 PCT/ US2003/ 030020 17 6. Tha7geot hermal heat exchange unit
of either claiml1l or claim2 wherein the first, un-i_gsul ated fl ui'd
transport |ine corfri s&be geethermpl heaferxchonge: Wghof eHngt AdP ne oL 1B At one
insulated fluid transSROliheldriiCun fheulid SEALRAIIB MRIbPKEOANGArdIRube Of
claim2 wherein theﬁtffsfigrste 5 Ii]rauiséljl trap c_orrprig?es‘a U—mgha e,dgglénd in the
| over segment of tiwsitionad erousddhe atlensh e insulpteddiuag saserort fine. 8. A
geothermal heat exghangg, HebRRARAP Lot CATREIS of A1:34b2 SHik@semRamebol e;
an insulated refrigerant I qui urd transport |ine extendin 10
vertical ly with$n lidad bopetonipeisenn Wshaned hend dp theJawey segmentaifbe Agasti d
transport |ine ext ' : | iihdii n the borehol e proximte the
insul ated refri ger‘g{r%ghé‘]ﬁ?m\g?fd#?%}l otrpdénsport line; the insulated
refrigerant |iquidd.fl uiddgepthemgpbheat|exehange arrageement commdie: di amet er t hat
is smaller than an inner_dial Qfoit.ne un insul ated refrigerant
vapor/fluid transport isﬁlg;sa'?%é&?rns’%{a’at ed refrigerant liquid/fluid
transport |ine further ancimguldted nepfrigayanth dissir/flniguitepnspens Eapredendipe t he
insul ated refrigerant. #{Jgui bflibiansport line to the un-insul ated
refrigerant vaﬁgrlﬁq&fﬁiﬁgﬁhﬁ%%%ort_el’i ne proximate a bottomend of the
borehol e; and heat conducui-insulited refrigerant| vapar/finis fapseshilinet eXpRHNE he un-
insul ated refrigerant. wapQrifluif, tfANSROT frokiniiRe the THENARAT RETEBRIanDeat
exchange arrangemanef of “claim8 wherein

liquid/fluid transport line;

the insulated refrigerant liquid/fluid transport line having an

15 inner diameter that is smaller than an inner diameter of the un-
insulated refrigerant vapor/fluid transport line; _
the insulated refrigerant liquid/fluid transport line further
comprising a U-shaped liquid trap connecting the insulated refrigerant
liquid/fluid transport line to the un-insulated refrigerant vapor/fluid
20 transport line proximate a bottom end of the borehole; and
heat conductive fill material in thermal contact with the un-
insulated refrigerant vapor/fluid transport line.
9. The geothermal heat exchange arrangement of claim 8 wherein
the un-insulated refrigerant vapor/fluid transport line comprises a
25 plurality of vertical tubes.
10. The geothermal heat exchange arrangement of claim 8 wherein
the un-insulated refrigerant vapor/fluid transport line comprises a spiral
tube.
11. A geothermal heat exchange arrangement comprising:
30 an insulated refrigerant liquid/luid transport line extending
substantially horizontally within a sub-surface location;



the un-insulated refrigerant vapor/fluid transport line conprises a 2s
plurality of vertical tubes. 10. The geot hernal heat exchange arrangenent
of claim8 wherein the un-insulated refrigerant vapor/fluid transport |ine
conprises a spiral tube. 11. A geothermal heat exchange arrangenent
conpri si ngw@®oam7s3ssul at ed refrigerant |iquid/ fluid trEpEeespeEe
extending substantially horizontally within a sub-surface |ocation; WO
20041027333 PCT/ US2003/ 030020 18 an un-insul ated refrigerant vapor/fluid
transport |ine extending substantially horizgontally within the sub-surface
| ocation proximate the insulated refrigerant |jquid/fluid transport |ine;
the insul ated refriger 8Atun-instiated F’Eﬁ“@elfﬁnén‘?BB’F/I’&'l“! | FransRoyt Hige @a?gmer
dianmeter that is sfmkitiall} Horidbhthly Hithth IS b@-c@fadeBedtiim progid At €k
refrigerant vapor/fluid transport line; the insyl ated refrigerant

liquid/ fluid transpsuetadrlrigegantdiouid/ duiddranseatt ey erti cal | y- ori ent ed
liquid trap connectingijgy Ghé&fldted CRGrifiraht) Siquidieiiat@dsgoel Nidehafhg an
liquid/fluid transport |ine to_a distal enél of the un-_10 insul ated
refrigerant vapbr/ipen diametas dbpt if jsyeallegnthanear woay Hapgter sfptheyppace

material in ther nqhsﬁgggd%gi%ﬁﬁJaggr;ﬂﬁa-tgﬁ&%ﬁm; refrigerant vapor/fluid
transport line. 12. The geothermal heat exchange arrangenent of claim1l

wherein the un-insul atkdl erlefesersfissyapoiondfinid (tapaspert Hrenduebmbri ses
a 15 plurality quo?rﬁﬁvilsE%:& %:ticHﬁfﬁréerﬁ%d _li-El]Rll H&Pg&‘rﬁ{eﬂﬁﬂlg hedkaimahaege

arrangenent of claim’l erein the un-insulated refrigerant vapor/fluid
transport |ine coripeilatest wefrigarang liqyigiflaid transport line to a distal end of the un-

10 insulated refrigerant vapor/fluid transport line; and
heat conductive sub-surface material in thermal contact with the
un-insulated refrigerant vapor/fluid transport line.
12. The geothermal heat exchange arrangement of claim 11 wherein
the un-insulated refrigerant vaporffluid transport line comprises a
15  plurality of horizontal tubes.
13. The geothermal heat exchange arrangement of claim 11 wherein
the un-insulated refrigerant vapox/fluid transport line comprises a spiral

tube.





