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(6) is supplied with a circulating heat conductive liquid (25) fromand to
a sub-surface sealed well encasenent (3), which container liquid may be
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i n-ground and/ i n-wat er heat exchange tubing. G ound source/water source
heat excha ge‘@V’é YEWE-typically utilize liquid-filled closed |oops of

t ubi ng buri ed BACKG®ROUNDARTOr 20 submerged in a body of water, so as to

ei ther absorb heat_fro or r.e t heat into, nat ur al | occurrin
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heat exchange means for use in association with any heat pump
heating/cooling system utilizing in-ground and/or in-water heat exchange
15 elements as a primary or supplemental source of heat traﬁsfer, as well as
to improved methods of installing in-ground and/or in-water heat
exchange tubing.
Ground source/water source heat exchange systems typically
utilize liquid-filled closed loops of tubing buried in the ground, or
20 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
surrounding the buried or submerged tubing.
Water-source heating/cooling systems typically circulate water, or
water with anti-freeze, in plastic underground geothermal tubing so as to
25  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 exchange step utilizing a compressor and an electric fan to
transfér heat to or from the refrigerant to heat or cool interior air space.
Further, water-source heating/cooling systems typically utilize closed-
30 loop or open-loop plastic tubing.
Closed-loop systems, often referred to as ground loop heat pumps,
typically consist of a supply and return, % inch to 2 inch diameter, plastic

tube, joined at the extreme ends via an elbow, or similar, connection. The




surroundi ng the buried or subnmerged tubing. Water-source heating/cooling
systens typically circulate water, or water with anti-freeze, in plastic
under ground geothermal tubing so as to 25 transfer heat to or fromthe
ground, with a second heat exchange step utilizing a refrigerant to
transfer hedW0e@W481355Ir omthe water, and with a third heedT/escodsanges st ep
utilizing a conpressor and an electric fan to transfer heat to or fromthe
refrigerant to heat or cool interior air space. Further, water-source
heati ng/ cooling systens typically utiligze closed- 30 | oop or open-Ioop

pl astic tubing. C osed-l1oop systens, often referred to as ground | oop heat
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water conducting tubing is installed in a horizontal fashion about 5 or 6

feet deep, in 55 degree earth, about 200 to 300 linear feet per ton of

system capacity may be necessarily excavated. If the same closed-loop

20 plastic water conducting tubing is installed in a vertical borehole in 55
degree earth, about 150 to 200 feet per ton of system capacity may be
necessarily drilled. Requisite distances are longer for horizontal systems
because near-surface temperature fluctuations are greater. However,
trenching costs are usually less than drilling expenses. In the horizontal

25 style installation, the plastic tubing loop is typically backfilled with
earth. In the vertical style installation, the plastic tubing loop inserted
into the typical 5 to 6 inch diameter borehole is generally backfilled with
a thermally conductive grout. In either the horizontal or the vertical style
installation, a water pump is required to circulate the water through the

30 tubing lines, which are generally of equal diameter in both the supply
and return segments.

Open-loop systems, often referred to as ground water heat pumps,

typically exchange heat to and from interior conditioned air in the same




degree earth, about 150 to 200 feet per ton of system capacity may be
necessarily drilled. Requisite distances are |onger for horizontal systens
because near-surface tenperature fluctuations are greater. However,
trenching costs are usually less than drilling expenses. In the horizontal
25 Styl e i nsWaRid13sf, the plastic tubing loop is typicaPCyusgekRidzbed with
earth. In the vertical style installation, the plastic tubing |loop inserted -
into the typical 5 to 6 inch dianmeter borehole is generally backfilled with
a thermally conductive grout. In eithergthe horizontal or the vertical
style installation, a water punp is required to circul ate the water

t hrough the 30mhuhéngs|a ndsed-Wobchystare, Hehdhal wateofcimyladlondsegmendr i n bot h

the supply an et yrn segngnts, en-| pop._ syst ft ed to as
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open- | oop syst@fﬁ?‘a e AU 48 ﬁﬂ%bﬁﬂe%?%%a%k S8 ‘y”egbﬁ‘F%‘”é,"” 1%%%h aséa wel |,
river, or | akegperslospBysthmewgh sigrficsmtlerretioce plasiigéulang ekeatitiomxehanger,

and is then rejegted back into.a well., river, or |ake Mhileg 5 en-| oop
systems can si crﬁﬂllﬁr?/m?'gaﬁgea Sﬁ’lskﬂ Fapae F%’g‘%%%ﬁ%‘%t#\g‘ﬁ ag?quaggi I'ling

requi rement s OWwater$yiphBIik Gapidalile the@nsiatenbpsie s potknidal adbguabetal wat er
supply is avail.able,.these, syste pose a porential environnmental threat
si nce bacteri ahfrﬁatt ﬁg’cgﬁ?a\% Wtk ?‘P’gﬁ?gpﬁ? ¥ HRPTGTC SRR A g%sferred
to, and can i nfr@aiferrel@o,iakienn Wit theswhier Rthidheis detrgdrefoaiek biackt into 10 t he
public water sg%pl }i( Direct ansi on (DX") ground source heat exchange

systems tyfic AT ®PY refrigerant fluid, such as R-22, in copper
under ground or undeniedeEx@@eibhet DK prohindgsdudcd hasiséshahgakydtomer from

the ground or water, and only require econdary he xchange 15 step to
transfer heat Fyd’l%hyf gl 3 n %rrangi ﬁ“@paﬁ‘écli‘bfsngg?i daf &PP%l ectric
fan. In DX systuf@@grdund &Xunddraatdiegdotierabdngbingoppamnsfef tegetanmk t ubi ng

is placed diregtly_.in the geothermal, soil and/or water.. Histgrically, due
to conpressor gﬁ@‘r the %"r‘?ﬁ?dl%f’l’f‘fatt%rl’ ia&ﬂson%h(‘f% °e? S%C‘Wi’?lﬁ bR SFEHEORE T DX
desi gns i nsisal kiegd tttraeyihBediayoidirb@ the ihGRicdredt spaosiy mewuss skanycl e 20 DX

systems, which Pl AlE tn R e dlemt Gnl ST nENL TGS Wb GedRERS
tubing is placed directly in the geothermal soil and/or water. Historically,
due to compressor operational limitations encountered with traditional
DX designs installed at depths beyond 50 to 100 feet, most reverse-cycle
20 DX systems, which operate in both the heating and the cooling modes,
have been installed with an array of horizontal heat exchange tubes
about 5 feet deep, or in vertical boreholes less than 100 feet deep. These
prior limitations can be overcome via utilization of a supplemental
refrigerant fluid pump, as disclosed in U.S. Utility Patent Application
25  No. 10/078,513, by Wiggs.

While most in-ground/in-water heat exchange designs are feasible,
various improvements have been developed intended to enhance overall
system operational efficiencies. Several such désign improvements are
taught in U.S. Patent No. 5,623,986 to Wiggs, in U.S. Patent No.

30 5,816,314 to Wiggs, et al., and in U.S. Patent No. 5,946,928 to Wiggs, the
disclosures of which are incorporated herein by reference. These designs
basically teach the utilization of a spiraled fluid supply line subjected to

naturally surrounding geothermal temperatures, with a fully insulated



have been installed with an array of horizontal heat exchange tubes about
5 feet deep, or in vertical boreholes |ess than 100 feet deep. These prior
limtations can be overcone via utilization of a supplenental refrigerant
fluid punp, as disclosed in U S. Uility Patent Application 25 No.

10/ 073, 513, WO 20401551 Wi | e nost i n-ground/ i n-wat er heat PEKG$aAMER4EESI gns
are feasible, various inprovenents have been devel oped i ntended to enhance
overall system operational efficiencies. Several such design inprovenents
are taught in U S. Patent No. 5,623,986 to Wggs, in U S Patent No. 30
5,816,314 to Wggs, et al., and in U S. Patent No. 5,946,928 to Wggs, the
di scl osures offshireiuranie] BE aellekdinpeovedsabterinnene heaietransferThddng desi gns
basical ly teacgﬁihe utiIizatigﬁ of a spiraled fluid supply line subjected
to naturally PSIETUFTEPYEBt AETEMt tenperatures, with a fully insul at ed
WD 2004/ 013551 PCT/0#he0 galdeahlnibvetticdliuotentet] ureotierme] hast wedblangs i nproved

subt erranean heat transfer tubi n t omponent desi O her
predecessor velasiens| 3% ‘%‘Fﬁ%ﬁ‘hjg’an@g’o?ﬁm&% ' cif‘i’:ﬁﬁegs e%e%}%;% are

di scl osed by WS rRad:&MNo. M@Mﬁaslé@a Ko#fowla0 DRkl €876 ;mwhthy?]c}ﬁs lth'ls. Pat ent f
No. 4,741,388 to Kuriowa. Dressler's ".876 tent, teaches t tilization o
an in-ground spilkization ¢f &‘Pdnﬁﬂ?}ﬁidysﬂlf"?]r%‘; ﬂdﬁ‘? SHBE;]P'e]g{“’s hlf’% neg?%ﬁ%lt%t e the
fluid return lyagiatd Bes oY euBinasls Berbhesiigatingahsedabgaihesbr lday t he
circulating fluid to a "shortjcircqjhing? ef f egt qg thﬁlre urn,.line cones
in close contaby the eicylpdngAuidde aoshegicieeitingo cfiedAs e RE BTy 10 1i ne.
Kuriowa's precghdiGn 388 cBataeitvithThy iwalriidbl o doliiet berdiontod thy essdler ' s

subsequent claim but better, because Kurjowa ipsulates ortign of the
return |ind® vllﬁe-sIéWl%%\%iPFﬂje‘ith\?ﬁStshpﬁtﬁ%Wrsa%{Fa%‘ﬁﬂy11 ’é’ﬁ]y%rlgfﬁ?ﬁ]:e § the

"short - circui t jigeqed @Blim, PhESEH! besaudtBuheh £ disubltsoa gosdnasdhe t he
alternative use of "a pair of congentric tubes, w tg oge tgbe bz'hng W thin
15 the cor e-of rather dmgevia worpuRdee ithyeth tlilf’d’ia@ﬂ O AE FeBY M hdtf ati on or a
vacuum Wil e tdpjos SHbiiib € oBeac entdsilers URge dgaiead akdUAREEdIE thehort -

circuiting" effect, it is Fracti cally difficul t_}%o byi I%}and cqul d be
functional |y cabemstighiuse pF g @airTsonieahie o Biih C8e dBPSPERE it at i ng t he

heat transfer L&t WD of the other, with the inner tube surrounded by insulation or a

* vacuum. While this multiple concentric tube design reduces the “short-

circuiting” effect, it is practically difficult to build and could be
functionally cost-prohibitive.

The problem enecuntered with insulating the heat transfer return

20 line, by means of fully surrounding a portion of same with insulation as

per Kuriowa, or by means of a fully insulated concentric tube within a

tube as per Dressler, or by means of a fully insulated return line as per

Wiggs' predecessor designs, is that the fully insulated portion of the

veturn line is not exposed to naturally occurring geothermal

25 temperatures, and is therefore a costly necessary

underground/underwater system component which is not capable of

being ﬁtﬂized for geothermal heat transfer purposes. While the

utilization of such fully insulated costly components is an improvement

over prior totally un-insulated geothermal heat transfer line designs

30 subject to a “short-circuiting” of the maximum heat gain/loss potential, a

design which insulates the supply line from the return line and still

permits both lines to retain natural geothermal heat exchange exposure

would be preferable, as disclosed in U.S. Utﬂitj; Patent Application No.



20 line, by means of fully surrounding a portion of same wth insulation as
per Kuriowa, or by neans of a fully insulated concentric tube within a
tube as per Dressler, or by neans of a fully insulated return |line as per
W ggs' predecessor designs, is that the fully insulated portion of the
return |ine we2edpi13ddxposed to naturally occurring geot hekClilsS2083/024026
tenperatures, and is therefore a costly necessary underground/ underwat er
syst em conmponent which is not capable of being utilized for geothermal
heat transfer purposes. Wile the utiligzation of such fully insulated
costly conmponents is an inprovenent over prior totally un-insul ated

geot her mal heatlWI25fslf7dry Wigme. Hesthgn of 30uselhives tin tHoridoniahend veiticgli ti ng" of
t he maxi num hee}% g&irl]n/ I os%gpotent :hal , a desit%n which insul ates the supply
line fromthe returinrPi MEHRGUEEi FFat PR (shMeh Pihesharbarantipg nat ur al
geot her mal heateffexis hauvgéd be xhosipply andidtthbe s efokallRes Bandisebased in
US Uility Patent {A}p%l” cati o] No. WO %(304/013551 PCT/ US2003/ 024026 5

10/ 127,517 by WEHEYEH PP AROBer. & BEebleng orhich detgrs fimme Qpexptionobr ti cal

cl osed- | oop watsgstesnefficiendieat punp systens, this "short-circuiting”

effect, caused by the s,[btl)é)lléland}?return ter transfer lines being in close
proximty to one andPhafditional prablefy encappierad Jeith tzaditional ieseddeopnal 5
slyst e2|n Ief fici encitessoudee agdéhé 08 ahe ﬂ’é&ﬁd}ﬁ? ﬂ:@@iﬁiﬁﬁ&ﬂﬁleﬂ i\é\ticlta hotd fi’alﬁjéﬁi o/nal "
cl osed- | oop er-source systens i, s the fact that, traditionally, 8/ inc
to 2 inch di ﬁ?%?teﬁpifﬁlz éyiﬁtt@?nscf‘?raw 1styiHizRey sosasufeiteiycecplagiis as to
reduce plastiC pigd ResteOSid eRBaf¥aAVIRIADREHEsk.| PBwRYRENSCS: cdiREVer, as a
general 1o pri n(’l:jiégl 7 smﬁlﬁl er pipe.sizes have %r eater friction efficiency
osses, whi &h PrESiple seiplien epesiasa hawy greaterdistiom piifieamelogses, whidhhe early

1990s, Wggs dewsilppttciebsdyeqriegt buapifeR¥gavating a |large surface, and
near-surface, area pof land for the placenent of a sealed container, filled

| . . :
with a heat conductFtre sagly 908 Wiges deyplprqd e prgpagiticny offreavating. f r eeze,

and then per maneBivky spifac| Rgd trldar-exifade, Qked 6Alanders RO GRadeiRGE (P a di rect
expansi on system |@to t he lhﬂudad:% ed container. However, after a nore
detai | ed revi eRPHRT YA Rllsd it alsasiciiye Hawidhawch ag waigrsordet er ni ned
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i nvol ved were not Iikel)()to be . .
exchange tubes of a direct expansion system into the liquid-filled

container. However, after a more detailed review and confidential
discussion with others, it was determineti that the cost, as well as the
requisite surface land area requirements, involved were not likely to be
20 advantageous over a conventional direct expansion exterior heat
exchange tube installation design, so the proposition was abandoned by
Wiggs. Further, such an installation would still be affected by near-
surface temperature fluctuations in both the summer and the winter,
and would still be subjected to “short circuiting” efficiency disadvantages
25 encountered by a mixture of heated and cooled container liquid. The
present invention, however, is superior to Wiggs’ former proposition in
that via the subject invention, deep sub-surface temperatures are
accessed which are relatively stable year round; surface area
requirements to install the system are minimal, avoiding the necessity of
30 tearing up a yard or a pavement area; and the otherwise necessary
extensive excavation and soil removal costs axe replaced by a simple
drilling expense. Further, and importantly, the “short circuiting”

disadvantages are avoided.
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punps, and/or for geothernmal water-soyrce heat Qunps, .which better avoi ded
"short-circui t vegd ﬂmrwt%msweﬂ*e‘g%%’s aﬁePﬁ@?@%dﬁ%&m?ﬁ%‘hcy | osses,

and whi ch enabjled ﬁ?’l%ﬁé Hepdr fe addthdraial e¥AROEAINY theat Qainipeg whifipl enents to
be effectively utili ze_d, with mnimal_ addjtional,. . costs, i ubt err anean
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Such a prefier affgiefd%s 1R MNAKH OwBich Cerl3®lddt kdlhZ @daiifly and/or evaporative
' cooling supplements to be effectively utilized, with minimal additional
costs, in subterranean soil and/or rock and/or stagnate water conditions,
would be preferable. Such. a preferable system would also be utilized in
conditions containing a substantial amount of natural water convection
20 where it would be useful to isolate the liquid coming into direct contact
with copper refrigerant tubing from the surrounding natural water
conditions, such as when the natural surrounding water conditions
contain significant amounts of sulfur, acid, chlorine, or other substance
potentially harmful to copper refrigerant tubing.
25  DISCLOSURE OF THE INVENTION

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

improve the efficiency and installation cost functionality of predecessor
geothermal heat exchange designs. This is accomplished by means of a
sealed casement within a deep borehole, within which a fully insulated
30 open-ended pipe is placed from the top of the casement to a point near
the bottom, with the top of the pipe extended to a sealed and fully
insulated liquid container within which copper, or other suitable

material, refrigerant transport heat transfer tubing is placed. The copper
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whi ch provi des Si, n for t he emin the winter, and whi ch

h
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casenent, such as Si X | h..di a t eel | asti c casenent, Whl ch
casenent has lor? Spemqfc 2y, 3" Borehole' o arfllea”is specified depth,

depending on the amount of heat transfer desired, and a casement, such
as a six inch diameter steel or plastic casement, which casement has
been sealed at the bottom and at all joint areas along the sides, is
20 inserted into the full depth of the borehole. Next, a smaller diameter,
such as a two and one-half inch diameter open-ended plastic pipe, which
has been fully insulated, is inserted to a depth near, within about six to
twelve inches, the bottom of the sealed casement. The sealed primary
casement exiends to a point near, or above, the surface where the open-
25  ended plastic pipe connects to a sealed container, such as a plastic tub.
The plastic tub and the primary casement are fully insulated above-
ground and to a depth at least equal to the maximum frost/heat line.
Heat exchange coils, such as copper refrigerant tubing, having sufficient
surface area to transfer the desired amount of heat, are placed into the
30 sealed container, with an insulated supply and return refrigerant line
extending to a conventional heat pump system, comprised of a
compressoy, an expansion valve, an interior air handler, and other

customary equipment well-known to those in the trade. The sealed



been sealed at the bottomand at all joint areas along the sides, is 20
inserted into the full depth of the borehole. Next, a snaller dianeter,
such as a two and one-half inch dianmeter open-ended plastic pipe, which

has been fully insulated, is inserted to a depth near, wthin about six to
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and to a depth at |east equal to the maxi numfrost/heat |line. Heat
exchange coi | $pntaiteh, @Semeppand ogét-bgdidasipe bl ghethfillehgithuf heati ent
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pi pe so as to ykh id idgHidiheWRinthEOsEhwhie 8RB wenkedvill geufstesvéhe bot t om
of the casenent deep 5 underground, As the |iQL{i,d romthe batt m of the
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from the liquid, throughthe walls of the caopper refrigerant heat
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heat convection as the liquid travels to_the bott%ghof the casenent. Since

the central pitpevels bviedotion githe spsemept) §inpethsecentiali Py tiameteE 1%y anet er of

t.he. casement ix%yftﬁ}fegrefaréé%d éﬂ&a meﬂﬁamtaférﬁfitﬂ@%hs&ﬁécﬂt(ibw HQ;&;SGS wll be
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pi pe i nsi de t hidecpipenisistional effigency logeas) wilbge mmamzgi AR %ircuiting”
heat transfer ﬁéxﬁiﬁ%nﬂy increased. Further, since the pipe inside the casement is
fully insulated, the common “short circuiting” heat transfer effect
between the supply and return liquid lines will be substantially
20 eliminated.
The subject invention also discloses a means of providing the
warmest water from the bottom of the casement to the exiting portion of
the refrigerant traveling to the compressor in the winter, as well as a
means of providing the coolest water from the bottom of the casement to
25 the exiting portion of the refrigerant traveling to the interior air handler
in the summer, by means of an arrangement of piping and solenoid
and/or check valves designed to switch liquid flow direction into and out
of the container in a fashion commensurate with the desired refrigerant
flow direction in either of the heat pump system’s operational heating or
30 cooling modes. Also, a diffuser is incorporated at the entering/exiting
portion of the liquid supply/return tubes within the container so as to
provide relatively even heat distribution along the refrigerant heat

exchange line(s) within the container. This will enhance system



between the supply and return liquid lines will be substantially 20
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casement, where the surrounding cooler earth will absorb the extra heat,

and will act as a heat storage bank for a relatively continuous

supplemental heat supply during the night or cloudy days. The solar

20 heating system is enacted by a heat sensor set to engage the solar heater

liquid pump when the solar heating system is able to provide heated

liquid at a temperature which exceeds the tempeérature of the available
subterranean geothermal heat.

Another type of optional efficiency enhancing solar heating

25 supplement may be utilized with the system in the winter. In this

secondaxry type of solar heating supplement, the solar heat collector

would necessarily be located at an elevation below the solar heat sink

lines within the container. This secondary type of solar heating would

operate in the same manner as the first type described above, with an

30  adjustable solar heat sink location within the container, and with any

extra heat being absorbed by the lLiquid in the container circulating down

the casement, except that the solar heating system would operate by

means of refrigerant-filled supply and return refrigerant transport lines



suppl emental heat supply during the night or cloudy days. The solar 20
heating systemis enacted by a heat sensor set to engage the sol ar heater

| i quid punp when the solar heating systemis able to provide heated liquid
at a tenperature which exceeds the tenperature of the avail able

subt er r aneaiw@a¥tesital heat. Another type of optional T/ ¢28039940@Mhanci ng
sol ar heating 25 supplenent may be utilized with the systemin the wnter.
In this secondary type of solar heating supplenment, the sol ar heat

coll ector would necessarily be |ocatedjpat an el evati on bel ow t he sol ar

heat sink lines within the container. This secondary type of solar heating
woul d  oper at eviithouhdbs anesesritynéor  asligud immst ’lthppeuldeamﬂd Bedt atheve, with

an 30 adj ustabL the cgnt ai.ner nd with
any extra heat (lgllr?gﬁ éﬁ%@?@h@%"hﬁ)%‘é‘f ?%%J:é%) RRE Sont® rer%?ergflgcul ating
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means of refrig %H{f% % ret.ur riger trans i nes
WO 2004/ 013551 ﬁ@% ] ?ﬁ%ﬁ '?6‘%%%"]? oﬂ%“%t‘ﬁ%{“ne%les‘?f‘@n? oy ‘ﬁgl i qui d
punp. The sén &bl th@heattﬂmn th@éwliagheaiad réfrigexchnk.Witheths ablar higtad
col l ector, vap it ran Th | d nt.ural&l rise into
the sol ar heat %ﬂiﬁiﬁ%u ‘ba? eaQ%? éwedf |bHI ﬁjevﬁg’rﬂ' ﬁn\,\qﬁg 5 ?rné: X The
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heat coI | ect or er t%e rocess ti.n us{% pea ed until the
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Since the solar sysiemnjs uiﬂ u wiI* require on m ni mal, anount of
energy to circul até&l F]cﬁﬂ i ﬁtofﬁgpmar} &€ c%s%’r?é%?ﬁaamt‘}%\?éntl onal
sol ar cel | /1st oelageichthegy tsy:géﬂm Sihce chidedlar epevakl kyedugp AUrce, can
be utilized t Ore%r OVI q&y tahrlnlsm}ngf amoPmt V& energy to circulate liquid within the
pipe and casement, a conventional solar celi/storage battery system, or
other renewable energy source, can be utilized to provide this total power
requirement. Further, since the compressor unit’s power draw for this
20 unigue system design will be so low, with a 3 ton system periodically
operating on as little as 1.5 kw, the solar cell/battery storage system, or
other renewable energy source system such as wind or water, could be
enlarged to provide the total system energy requirement.
In the summer, a portion of the outdoors hot gas refrigerant vapor
25 line is immersed in, or channeled through, the condensate water
produced by the interior air handler in a manner so as to facilitate
evaporative cooling. The condensate water can preferably be gravity fed,
or can be directed to the desired location via a conventional condensate
water pump, which condensate pump could also be powered by a solar
30 cell system. This optional evaporative cooling segment will serve to take
away the most extreme heat prior to the refrigerant entering the
container, thereby reducing the cooling load requirements of the

subterranean casement.



requi renent. Further, since the conpressor unit's power draw for this 20
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di rect expansion OWﬁéIheﬁsﬂﬂQadjr@ﬂﬁﬁxpmmnl or othgui heabnpuwipt hnteiriek mal

el evati on and di st ance differentjal s, _.an oi,l epar

unnecessary, aftHBEERt IF rlmt?b@?]lo%?’@tl Pad dlsgai%gn%&%%nor o%ﬁl
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including a receiver, thermal expansion valyve n and an

ai r-handl er, f&¥PARRINRPToOther dﬁ%‘@gfaﬂ’zas ﬁ?nbagpgfﬁt‘%en?@%%@ V% fo Wggs,

al | of which ApSnatallYy bK iliRed, AndliQiBE & recéiner, thertml ekpansion valves, an
accumulator, and an air-handler; for exarple as described in U.S. Patent

5,946,928 to Wiggs, all of which are well-known to those in the trade. If

one elected to use conventional air source heat pump equipment, well

known to those in the trade, in conjunction with the present invention,

20 which invention would replace the air-source system’s exterior fan/coil

unit, the air-source system’s defrost cycle function must be by-passed or
removed.

The subject invention may be utilized as an individual unit, or by

means of multiple units connected by tubing in series or in parallel, to

25 increase operational efficiencies and/or to reduce installation costs in a

number of applications, such as in, or as a supplement to, a conventional

geothermal direct expansion heat pump system and/or a conventional

geothermal closed-loop water-source heat pump system, or as a

supplement to a conventional air-source heat pump system. The

30 invention may be utilized to assist in efficiently heating or cooling air by

means of a forced air heating/cooling system, or to assist in efficiently

heating or cooling a liquid, such as water, in a hydronic heating/cooling



one elected to use conventional air source heat punp equi pment, well known
to those in the trade, in conjunction with the present invention, 20 which
i nvention woul d replace the air-source systenis exterior fan/coil unit,
the air-source system s defrost cycle function nust be by-passed or
removed. TheO Z0H)188U i nvention may be utilized as an i rROTAS3NBI024026 t, oOr
by means of multiple units connected by tubing in series or in parallel, to
25 increase operational efficiencies and/or to reduce installation costs in
a nunber of applications, such as in, gf as a supplenent to, a
conventional geothermal direct expansion heat punp system and/or a
conventional gedenedditionkls ddie lsobjpchiaventigomey dehedizepusm bopsingm or as a
suppl enent to i . e .heat system The 30 invention
may be utili zegT g%ﬁglgg?grtggﬂlae @%@Pﬁﬁ%&??ﬁg&s}’ tﬁ%‘ol ing air by neans
of a forced air hedfhargacoshawyinshs tdeayings einbodissinss of the @hfdrtioants! v

heati ng or cool] i.qui d ch water. 1.n_.a hydroni ¢ heating/cooling
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and/ or any ot her tem..There are shown in _the,drawi ngs enbodi nents of the
et Iﬁar%tﬂ) Sﬁ‘@?‘?‘é‘&%‘ﬁ aBEh ¥ nder st ood, however, that

i nvention as presen‘f
the invention 5 isFlbtl is mididslview dhe inirelplle Lante Rrewids eorgxam ary
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liquid-filled salaed ceskdehityidt ogehlrer. wird Hnalaiovgudr eihsly pipsul at ed
near the bapt obtohd RS nel RN EH e einekrRel % lhbpBtaen Ymran: |
transport heat refrigersibétranspet heatl toandfedlind gethed, tabdthedwlth GUlighidr et urn
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contact with the sub-surface conditions surrounding the casement. An
optional supplemental solar hot liquid heating system is shown being
incorporated into the system with solar heat transfer lines extended into
the container. An optional supplemental evaporative cooling system is
20 shown by means of immersing the hot gas refrigerant vapor line in a
container filled by condensate water produced by the interior air handier,
with refrigerant being circulated within geothermal heat pump
refrigerant tubing by means of a compressor unit. An insulation material
is used to completely insulate all areas of the system where thermal
25 conductivity is not desirous, such as the above-ground portion of the
casement, the entire container, the entire liquid supply pipe, and all fluid
and liquid transport lines exposed to the air except for the evaporative
cooling segment. The system also incorporates a piping and valve
structure designed to reverse directions of the liquid supply and return
30 pipes, to and from the container, commensurate with the reverse
directional flow of refrigerant when switching from a cooling mode to a

heating mode and vice versa.



incorporated into the systemw th solar heat transfer |lines extended into
the container. An optional supplenental evaporative cooling systemis 20
shown by nmeans of imrersing the hot gas refrigerant vapor line in a
container filled by condensate water produced by the interior air handler,
with refri g8 aif4/H855g circul ated within geot hermal heatPqrarspoososid ger ant
tubing by nmeans of a conpressor unit. An insulation material 1is used to
conpletely insulate all areas of the systemwhere thermal 25 conductivity
is not desirous, such as the above-groupad portion of the casenent, the
entire container, the entire liquid supply pipe, and all fluid and liquid
transport |ines expeSed i § sidrevigwrof eiedtigerinl drideopevativersatarieatiogol i ng
segrment. The syst&emwdh ' ey -k structure
designed to reé\%r se di%%%@gﬁigﬁ%ﬁ%uﬁ giuﬁgqg%%%&gﬁéﬁ?%%ﬁtﬁnf% pi pes, to
and fromthe cHrtl& devithewrabewing hesthdrtsistemecompoeete of BIG.ct i onal 1 ow of
refrigerant wWprsswibhu Ry o 1 ating node and vice
versa. WO 2004/ OI§551thECB+1/®L_IJ€bg%03/ UMU?ﬁlﬁgg‘mfﬁéfﬁgﬁllgﬂﬁ side view of a
refrigerantfluid dper &llopeng ofetpilete adesemptios tie mfvthe hbestppldsestipeat t o

liquid in the &g IO b s £ k.g,% | f G. 1 .wthout, show ng
t he ot her syst_em%dé%gtéggﬁ%% %)ff(!aFl ggm%]égﬁl{rmlﬁ&d@ﬂgﬁoﬁés&ﬁ' THE

| NVENTI ON 5 Thatensefl oimi Agliniifingi beedend ris pnadm sbelofort the pesospnesent | y

cont enpl at ed : @V i ation.  The scripti,on. i s not

it ended i n a Ty pees g A derath il SE AeARon 1she B BRRGE of

il lustrating tthat fesmdisglosest émbidimentsodret erelsnexamtplary. ofl theiifvdmionpe

under ot 000 el SRAGHLIE B Felihel oS BLEL 01 L1
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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 FIG. 1 a side view of a
20 borehole 1 in the ground 2, with a fully sealed casement 3 inserted
within the borehole 1, with a thermally conductive fill material 4, such as
thermal grout, filling the space between the walls of the borehole 1 and
the casement 8. The borehole 1 may be eight and one-half inches in
diameter, and the casement 3 may be six inches in diameter, for
25 example, with the borehole 1 and inserted casement 3 extending to an
approximate depth of 50 to 500 feet, or more, depending on the amount of
heat desired to be extracted from, or rejected into, the surrounding earth
or ground 2.
The casement 8 is sealed at the top with a cap 5. The casement 3 is
30 shown as being located above-ground, but can be located below-ground,
or partially below-ground if desired. In other embodiments, the casement
3 can be placed in water, or water and anti-freeze, partially or fully

submerged. Thus, references herein to a sub-surface placement of the



Referring now to the drawings in detail, where like nunerals refer to like
parts or elenents, there is shown in FIG 1 a side view of a 20 borehole 1
in the ground 2, with a fully seal ed casenent 3 inserted within the
borehole 1, with a thermally conductive fill material 4, such as thermnal
grout, fill wapwHesdpace between the walls of the borehd@sand240tdhe
casenent 3. The borehole 1 may be ei ght and one-half inches in dianeter,
and the casenment 3 may be six inches in dianmeter, for 25 exanple, with the
borehole 1 and inserted casenent 3 extqpding to an approxi mate depth of 50
to 500 feet, or nore, depending on the anmount of heat desired to be
extract ed fromasementsj ewtintbnided oy refdreo positionmgiof goreacr hll obeasgmenihd 2. The

casenent 3 is led at _{h op Wiith a-c e ' 30 shown
as being | ocat%geﬁgﬁﬁggﬁi%rﬁ%%?vpg& rcsélﬁfaﬁgi)ﬁvg%éo’g@ldﬂ%g%g\}\n% 3? 83??&&?011 or
partially bel os-tieotmeemedt Sldsiindtiernhal anbet vl edi abatest suheutfagenment 3
can be pl aced intev\%ﬁer, or water and anti-freeze, partially or fully
subner ged. Thu8?™®F & erences herein to a sub-surface pl acenent of the WO
2004/ 0135515 PCT/ USZhe 34824028 liké aceas boen B9 Sorar Bquint ertied waber@faer to

positioning of sone _qr all of casenent.. 3 bel ow gyoyn [ | Qw wat er
surface | evel ,Wgtﬁﬁﬁngfﬂ’?ﬁ'ﬁfzﬁ gggfmea ig5id ?ud)ﬁ?y Bﬁpeﬁ\e"%&{gﬁg‘%?fp?ei%\ai n
t hermal cont ack fully Hnsilated] 28c and opeidesdad dthe cavehent 8lalsolThes eagesrent 3 has
access hol es yat er nd antifreeze

|

mxtare 11 qui Uy 4 eniendt faRR AR P RF sCos g Sl fy Wt aced 26
and open- endeduold Be feesesRericE] pivas chas2atcpster the liqaiduhpriOafhopen- ended
pover cor d1oa Sulf s {Gopia e BFias PSP O daPE DAY T shown i s a
submer si bl e | i Eiid liverpvel @5/incht esbeh@ind® sohd tollecpelfcriring. Hewever25 in the
ocated near tH% G IBRE PERPAY et imsne to PP AP R p e Mot
conventional | 3,ouitthalyirgay Horrt afilcandeativhall liqued. pumihe0 lebwjdite siiligedy pi pe 8,
one-hal 1 1 noh Waliabeh oty P g, e BlBreY i RGO BRE RSP Qui
suppl y pi pes8 magpbediel of sSiwd antheiedhdly irzhedifmakter BV C pipe, for example,
with the entire liquid supply pipe 8 completely surrounded by one-half to
one-inch thick insulation 28 material. The relatively large diameter
liguid supply pipe 8, together with the extra-large diameter, six inches
for example, of the casement 3, through which casement 3 the liquid
20 returns to the bottom, greatly reduces liquid head pressures caused by
smaller diameter wall friction, as exists in most conventional designs.
Adjacent to the casement 8, a container 6 is located. The container
6 is comprised of a liquidtight vessel, such as a large plastic tub, with an
access container 1id 7 at the top. The container 6 has access holes 29 for
25 supply and return liquid pipes 8 and 9, for refrigerant supply (iquid) and
return (vapor) lines 12 and 13, and for solar liquid supply and return
lines 17 and 18. !
The refrigerant liquid line 12 and a refrigerant vapor line 13, are
shown entering/exiting the casement 3 through access holes 29, and
30  being connected to respective first and second end portions 85 and 36 of a
refrigerant heat exchange line 11 below the liquid level line 25 in the
container 6. The refrigerant liquid line 12 may consist of, for example, a

% inch diameter copper line, and the refrigerant vapor line 13 may



one-inch thick insulation 28 material. The relatively |arge di aneter

liquid supply pipe 8, together with the extra-large dianeter, six inches
for exanple, of the casenent 3, through which casenent 3 the liquid 20
returns to the bottom greatly reduces liquid head pressures caused by

smal | er di anmsd=wsvabds friction, as exists in nost converRdTdrfabosgesrgns.

Adj acent to the casenent 3, a container 6 is |located. The container 6 is
conprised of a liquid tight vessel, such as a large plastic tub, with an
access container lid. 7 at the top. The,container 6 has access holes 29 for
25 supply and return liquid pipes 8 and 9, for refrigerant supply (liquid)
and return (vapmsjstldafme®8lifcladthniler apger tine,shbt akainplyuTHe sefpizleyargnd ret urn

lines 17 and 18, .The refrigerant |jiquid |ine,12 gnd a refrjgerant vapor
line 13, are g‘ﬁ%tv\%( c}é"‘n‘%ggrhu‘%glllg"fu}%“i ﬂ% W%@r %3%%7’%%%&6230{1@%%9%%3’5 s hol es
29, and 30 berompeciednecherkftigernesiqdtiline 12 aiglt vaporline dBNtaebehgkar t i ons 35
and 36 of a refyjigerant heat excghange_ li .11 helow.the |iguid, |evel |ine
25 in the con %‘lﬁr%e?r Igc.’rp‘rlkﬁl % glf“% %Seg’gﬁ?r ﬁ}%drﬂﬁ avqilflha’ﬂi?&%’;?ﬁ*@%ﬁéf?%t of for
exanpl e, a s5V2hesictrankifanet i cpple ks bhder napdettbadsde! indesans ivagor |ine 13
may WO 2004/ 013551, P%/ US2003/ 024026. 15 consi s}, of 7/ 8 inch dianmeter
copper line, f8&F /%3?:3 ?re{;} “P%lé oFéﬁgFij%‘r g‘ﬁfw‘?ﬁ‘éb‘? &%gﬂ]&%’ PYﬂE ]Ige'bel ow t he
water |ine 25 Liydidés denlAabdeverGhe vtiighrans hefixoRaiRdinde0l 1t Wighinafei ger ant
liquid line 12 and. vapor line 13, may consj st  of e o re tubes, such
as copper t ubi ﬁ‘ﬂ’?aWﬁf E%Yvﬁl?ﬂnsa?ié’diﬂé‘t‘%wm@fffoe%‘iuaéeqwlg%i?wtti‘%gg‘f"grlei’ l'i quid,
such as one orlir®2e condeatrdad the bsdly pive S EhimeHe, cas@herdt/3. INICHecteie 1/ i nch,
or 1/8 inch, finned o nfinned, tubes,. or th ike. Liquid is _circul ated
“over the réPri B‘é"r"‘a"rﬁ"riggfmt@?%g?@ég‘? ﬁﬁ‘é‘dﬂ“’w f#l?'}"o‘t‘%ané‘%ﬁsa Her%6 by means
of a l'iquid puiptilcasbinsnt 8do Bajoomr bhrerch,i fidh disle¥iventida® wall aarmected to
the supply pip ithin the case t 3. An electric 10 power cord 24 '
extends from tﬁg’él? W’é Sanis feme %g%ﬁleéﬁn‘é?ic%%%erhé‘?‘g“%ﬁxﬁh %h& casement
3 to a power satieel/resehblasvind, GOIRY.eR w88 kndilylpodet k@lree, bRBe BROWN) , Or toO
sone other elegirical I sourgce,..such nat.ural /[y enewgbl e wi nd,
solar, or wat eﬂle @ﬁ%@@gﬁm qé‘ﬁi‘rsélésimgweﬁﬁg%]l“? Tf‘g‘.‘ger?ﬂéﬁ??ééi‘c Buctive
} i qui df i 3 ]Ei]lcs st ihdat &g smﬁ tdien sfafiffigesa ducheata @uﬁx%atngsne,l%ithiar@fﬁ& b]y S% me
ormo i ffuser 34, such a trunpet .style, with a series . of uniformy
spaced hol es i Hf‘frf’rg’r@iﬁ?pa&?‘ﬁ@g%}n @g,en&s%ﬁ‘?&ﬁ‘g 8F shayen. [oF EI%E ligg, so
as to distribute the liquid, supplied from near the botiom of the casement
3, over the refrigerant heat exchange line 11 in a relatively even manner.
The liquid supply pipe 8 and the liquid return pipe 9 are shown as
20 respectively connecting below the liquid level line 25 in both the
casement 3 and the container 6, so as to avoid any air pockets or liquid
pump 10 priming issues. However, the liquid supply and return pipes, 8
and 9, could easily be constructed to enter and exit the casement 3 and
the container 6 from the top (not shown), and filled/primed with liquid, if
25  desirable so as to avoid having to liguid-tight seal access holes 29 in the
sides of the casement 3 and the container 6.
The system is shown as operating in the cooling mode.
Consequently, the coolest liquid from the bottom of the casement 8 is
shown as flowing through the liquid supply pipe 8 into the container 6,
30 dirvectly in front of a first end portion 35 of the submerged heat exchange
line 11 which is transporting cooled refrigerant through refrigerant
liquid line to an interior air handler unit 15, where the cooled refrigerant

absorbs and removes heat from the interior air via flowing through



as to distribute the liquid, supplied fromnear the bottom of the casenent
3, over the refrigerant heat exchange line 11 in ,a relatively even manner.
The liquid supply pipe 8 and the liquid return pipe 9 are shown as 20
respectively connecting belowthe liquid level line 25 in both the

casenent 3 &a0HE3TTONt ai ner 6, so as to avoid any air RETKESREN3H40L6 qui d
punp 10 primng issues. However, the liquid supply and return pipes, 8 and
9, could easily be constructed to enter and exit the casenent 3 and the
container 6 fromthe top (not shown), apd filled/primed with liquid, if 25
desirable so as to avoid having to liquid-tight seal access holes 29 in the
sides of the casswetibng fancdtdppeonthiig @fot Ghowh i SteMubgerstiodbyas
operating in t cogli na. npde. equent | y,. the coalest liquid fromthe
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refrigerant thFOfgFPRFFFHEFAAY ¢ PYBRRESsar et 1 inaide the hpajrexghanegand) er
unit 15, wher elinbdlcPied ehtedfluidosd@ntto thbs6y bisthaResdnedi \8asy A8ats Jfr om t he

interior air vi,a f.l ow ng through WO.2004/ 013551 PCT/ US2003/ 024026 16
convent i onal f%l?'f’nielﬂmgolﬁ PR h i st heatedulianidyisepylled) alongidbes tided by

those skilled iwallshe the ate@ment 18 ihidittict phd:@mite Toathe Ell thRehgad sg¥change
bs heat fromthe hot refrigerant

line 11, within th ont ai ner . 6, . abso

fluid being ci PEU™ t%dﬂﬁyh?ﬂelscﬁhwg‘giéfldu’ﬁ’mwiﬁ hyn spigEalln ocpEBRPEexchange 5
line 11. The helairadl borthet weixh tsolénddildial SRbual thRGe£BSREEMe Bqdl means of
the liquid returnwgeiﬁfg 9. ﬁs t?e eatfgj%(l?é uid is pulled along the side

wal |'s of tHE cHsl oy pigngithe syde JF 1109 cpsprRen 3 byl meansertithe 4 and
ground 2, the Heaid fisv abeesibasd Apcthe SIRVE duky I[ﬁbtﬂﬂi@a%'cﬁol@&%h{d ﬂg ther nal
contact with c O{'ﬂg%l %gc%thernﬁal round tenpergtures. The liquid 10 is pulled
down al ong t he™8MddeRattPR of the ¢aseroguiGiirpueh thesupplyire®. the |iquid flow
necessitated by thdnl hQéverspiiie M2 apidblbdiheC ORhaa, li Sitid 8P solbhin t he

bottom of the casenent, 6 ﬁh ough the supply pipe 8 In a reverse-cycle
heat i ng/ cool i nFPESERRHYPT S0, YaEes 0 £ eorppigssoy it d4altichr axenwelt val ves in

the conpressor ke tol thosdBikitbd & haMithile addakMEhbRnHABSE, Slekdibgd in the

trade and are not shown _herein, operate to reverse the direction of the
refrigerant flEBRETEX &IBFHP%BB fhe Kefrigegaps flow, except through the actual

compressor (not shown), when switching from a cooling mode to a heating

mode and vice versa. It would be preferable for the liquid supply pipe 8 to
be constructed in a manner so as to always, in a cooling mode, discharge
20 the supply liquid acquired from the bottom of the casement 3, which will
generally be the coolest liquid in the summer, proximate the first end
portion 35 of the refrigerant copper heat exchange line 11, and, in a
heating mode, to discharge the supply liquid acquired from the bottom of
the casement 3, which will generally be the warmest liquid in the winter,
25 not taking into account the optional solar supplement in the winter
daytime, proximate second end portion 36 of the refrigerant heat
exchange line 11 in both a singlecycle and a reverse-cycle
heating/cooling system. To accomplish this objective in a reverse-cycle
system, the liquid flow through the su;l_)ply pipe 8 and the return pipe 9,
30 located within the container 6, should be reversed as the refrigerant flow
reverses direction within the heat exchange line 11 when switching from
a cooling mode to a heating mode and vice versa. This will provide

maximum system heating and cooling efficiencies as the warmed



conpressor (not shown), when switching froma cooling node to a heating
node and vice versa. It would be preferable for the liquid supply pipe 8 to
be constructed in a nmanner so as to always, in a cooling node, discharge 20
the supply liquid acquired fromthe bottom of the casenent 3, which wll
general |y b&va wedeidsilest |iquid in the sumrer, proximt QIAES266302402&end
portion 35 of the refrigerant copper heat exchange line 11, and, in a

heati ng node, to discharge the supply liquid acquired fromthe bottom of
the casenent 3, which will generally be7the warnmest liquid in the winter,
25 not taking into account the optional solar supplenent in_the w nter
dayti me, proxi reftizereet bragelertd thecompresse writ (fdnrtée PigkradRd R8dEe exchange
line 11 in both S| - - did*eahit N ¢9ahéNg system
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the liquid pu out and I'nto the casenent and ext endi ng
back into apd awb “Af clobel obmbal vEves®6 dm resrecdvdy insjalipsdm thesupply - A"
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two “B” open solenoid valves 27 respectively installed on the supply and

return pipes, 8 and 9, above the liguid pump 10 as shown. Liquid will be
pulled up from the bottom of the casement 3 by the liquid pump 10,
20 which will always operatively pump lquid in the same direction up from
the bottom of the casement regardless of the direction of the supply and
return liquid to and from the container 6. When operating in the heating
mode, the two “A” solenoid valves 26 are respectively opened (not shown),
and the two “B” solenoid valves 27 are respectively closed (not shown),
25  thereby reversing the directional flow of the liquid within the container
50 as to maximize the heating effect to the returning portion of the heat
exchange line 11. The “A” and “B” solenoid wvalves, 26 and 27, are
connected to a control unit (not shown) by solencid valve wires (not
shown), as readily understood by those skilled in the art, so as to
30 respectively open and close the “A” and “B” solenoid valves, 26 and 27,
when switching from a cooling mode to a heating mode, and vice versa.

When the supply and return pipes, 8 and 9, are installed in a reverse



and return pipes, 8 and 9, above the liquid punp 10 as shown, with the two
"B" apen sol enoid valves 27 respectively installed on the supply and

return pipes, 8 and 9, above the liquid punp 10 as shown. Liquid will be
pulled up fromthe bottom of the casenent 3 by the liquid punp 10, 20 which
w || al wayswopenatissel y punp liquid in the same directi par/up2obs/eeanzst he
bott om of the casenent regardless of the direction of the supply and

return liquid to and fromthe container 6. Wien operating in the heating
node, the two "A" solenoid valves 26 arg respectively opened (not shown),
and the two "B" solenoid val ves 27 are respectively closed (not shown), 25
t her eby reversmﬁﬁaﬁﬁéﬂdwxbcﬁ$dﬁ@hmédehmwfaﬂhedipqmstEndﬁlmmam@beontalner

so as to maxi r’rﬁglg,cg iﬁﬂlﬂg‘ﬂ%{?‘? tér?altzg - E/es &il% of the hgat

exchange |line 11. N enoi “are
connected to a conwptmai Sl(nmm@ﬁewr)laﬂ)lyeasnﬂganehhdd\mbhmmag Bs&ng not
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respectively open a ose th enoi
when swi tchﬁngplmetsln@raac'o@ﬂ Gnn’gslmydé eroineativsbir qogverice, loeafttbnvleﬁlﬁ)sd@r sa. Wen

t he supply and 8;q\ reverse. WO
50047 0ha5i1 pat) s BhE SR, " (%E%e}rla TighltP bnBE sl faly 86 mbove, al
such pipes, 8 @ﬁm@ln%h&mﬂtmsfeﬂallhyutmhed Watémammsuh&ﬁeb@djffmﬁerl al 28,

such as rubat ex,q of iig1dd kSt %ﬁe&p} h?naldst%s{)lgd n?P"’fﬁﬁ%ﬂiihe ting nmethod

is shown as being 1 ncorpora ol ar heat
coll ector 19 |1$neSslﬁalsmetbdobelawrlupﬁd (levad Zﬁhml\/lﬂl)e caﬁtaiﬁéré’mdl‘l’ﬁﬁﬁolﬁﬁ)nvenl ent

~location, p 0, 0 ... A sol ar nsf er
supply | nge’(l e%%atg Paur i d( & %cu\%'oﬁemﬁ b ?ﬁ%’f‘%? & sr"?ﬁu?y&,e%ﬂﬂ‘ﬂ“gs wat er
and anti - f r eezenmp ﬂ@mecammgtmmemd%rmbareldmeMal @beedrdrzcﬂ&naékdecl g and from

t he sol ar heat S|tuat ed bel ow vel. 25 in.the
cont ai ner T%gdego COHV ﬁ?’la? WS SYRFR AT I aﬁl?la% erc’?ar%lf{ﬁyif’%‘ﬁ" neans of a

sol ar syst em Iemftg'}dele@umi zzﬁverrsemee Vihegsopeaviat tie oY) iRangéegiphlyCRhe pOwer cord
24 connected t t a,conyenti onal r.source 0.SO ot her
vk S5t 16BN et AR Tty v il Rl

nat ural / r enewa energy electri liquid
transfer supplmateriab28 17 aarid praevenayi exdrdl Besr g@isdibfsbmabe Relapgegpver ed Wit h

Lol 2 L1 B0 Sl Sl SRR TIRR, 5 e BERE O
liquid | evel line 25inthe casement 3. While the solar heat sink lines 16 are shown as
located below the liquid level 25 in the center of the container 6, the solar
heat sink lines 16 can be moved to a location either closer to, or farther
20 from, the exiting porﬁon of the copper heat exchange line 11, which is
carrying refrigerant to the refrigerant vapor line 13 in the winter,
depending on the system operational refrigerant pressures desired. The
solar heating method would be enéaged by a temperature sensor 30
connected to the solar heating system’s liquid pump 20 by means of a
25 \lvvire 32 of sufficient capacity to transmit on/off signals. The on signal
would be transmitted only when the solar heating unit can provide
heated liquid in excess of some pre-determined temperature, greater
than the sub-surface geothermal temperature, such as a temperature in
excess of 60 degrees F in many locations. When the solar heating method
30 1s unable to provide heated liquid at the minimum pre-determined
temperature, the off signal would be transmitted by the sensor 30 to the
solar system’s liquid pump 20, so0 as not to take heating capacity away

from the primary natural geothermal heat source in the ground 2 or sub-




line 25 in the casement S. Wiile the solar heat sink lines 16 are shown as
| ocated below the liquid level 25 in the center of the container 6, the
solar heat sink lines 16 can be noved to a | ocation either closer to, or
farther 20 from the exiting portion of the copper heat exchange line 11,
which is cHPHH45bfrigerant to the refrigerant vapor PCEE2005034¢6t he

w nter, depending on the system operational refri gerant pressures desired.
The solar heating nethod woul d be engaged by a tenperature sensor 30
connected to the solar heating system ®liquid punp 20 by neans of a 25

wire 32 of sufficien cap Cit, ransmit on/off signals.,The gn signal
woul d be tran§H’if?“{eede WPFZ% Vf‘ ésgglaéf’ Sh‘% Ry ogshow the ka%ﬂt% heat ed

liquidin excessr QEaﬁﬁéTﬁleﬂ{&l‘ﬂﬁi;ﬁHﬂdiﬁCB&cﬁlnﬂﬁhéﬁoWn@ﬂ @ileat T wollldan t he
sub-surface geot her mal grrper ture, such as at rrper?rture n excess of 60
degrees F in RAfPsedaatishoen) peraods gy bgn TRPIARSHGIRHS WA unabl e to

provi de heat e(iho& laa%ﬂaeéoume £@ EB RVeRt €hal@ds8rofiad frdRTRe A m&sS, the of f
signal would be transmtted g) sensor 30 to tﬂ? ol ar systems liquid

punp 20, sdé ageqtgermal heskine t?é’é"tefrh YCapRRS tyradtien) ¢ PRECHPPEr y nat ur al

geot her mal heqﬁe%Hrcgglefgbﬁma%g}gagﬂagor sub WO 2004/ 013551
PCT/ US2003/ 024026 19 surface. Cﬁgn sol enoi.d val ves 27 e shown to show

the suppl enental Woilgrormedingig thecadling mogp dharyyam i§ gEER @01 enoi d

val ves 27 woulghqdiate! Raed (NR) BhowRMerlihd %@ﬁeoegenm@ua@étewent al
sol ar heat was not advantageous so as to prevent_ the |oss of heat fromthe

prinmary s geotkehawaer: sash ppdnteyier aip hangl $hesugh & Water copgsnsate

convecti ony, t(al'aﬁlh.ﬁlet fﬁeﬁt&g%laﬁfmﬁé)b@rlo&%@& 0 &bbBCERbudO WM dreuRper at| ng in
the cooling node he system.is shown with a condensate wat e punp 2

transferring \Nét‘i"eiiteflrmﬁﬁ“éh‘)f ’Fheeﬁﬁé%erﬂ’état’@%)&q?a%é‘lms Quis &y fAer i or a| r

handl er 15, ”ﬂfx@ﬂ:&hxa%dl@%tlgrtom&%%ﬁéﬁﬁmeq{ﬁfﬁléQB%agéedléH&xéﬂla|f pi pe
22, |l ocated outdoors, through which an un- msuFate porti of, t he

refri gerant vap&s tpj geetain th%lﬁ%n%‘l‘s?t?sw%ﬁ? ?h%?ﬁndﬁﬂ%atauwa% 6’r"§rm15 to the
contai ner 6. -ﬁﬂ%c@? dximitPvide NHAStypRalledofdiis, %ﬂe hoP réfBigb@AnE 9B N the

condensat e wat er he condensate vvater bei ng direct proximty wth,

and typi cal y lmevkd imdhe tadnipe 22emill Goperht h‘%i’ép%?m 1the| hot grefrgeraptt he
hal f-pipe 22, il 180395 MRats {xPai BapbRite 1bthd8k@Bbr air, thereby

removing heat from the refrigerant and lessening the heat removal load
on the rest of the geothermal system. The evaporative cooling system
shown, as with other disclosed elements of this subject invention, is not
20 intended in a limiting fashion, as other analogous evaporative cooling
ineans may be utilized via utilization of condensate water so as to lessen
the load on the rest of the geothermal system. Although not shown in the
drawings, in the winter, the exposed portion of the hot gas refrigerant
vapor line 13, located within the half-pipe 22, would be fully covered with
25  an insulation material 28, such as rubatex, or the like. Condensate water
from a de-humidifier (not shown), or other means for accomplishing
interior heat exchange, could also be utilized in a similar manner to
remove heat from the hot gas vapor refrigerant line 13, for evaporative
cooling purposes, prior to the hot refrigerant entering the container 6 and
30 being cooled by primary geothermal means as described herein. A
conventional de-superheater (not shown) may also be incorporated into
the system. A de-superheater typically circulates water from the interior

hot water tank around the hot refrigerant vapor line so as to transfer



within the vapor line 13 and will evaporate into the exterior air, thereby
renmovi ng heat fromthe refrigerant and | essening the heat renoval |oad on
the rest of the geothernmal system The evaporative cooling system shown,
as with other disclosed elenents of this subject invention, is not 20

i nt ended i nW® 104M81835hg f ashi on, as ot her anal ogous evap@CAUSYW3/829616 ng
means nmay be utilized via utilization of condensate water so as to | essen
the load on the rest of the geothermal system Although not shown in the
drawings, in the winter, the exposed pggstion of the hot gas refrigerant
vapor line 13, located within the half pipe 22, would be fully covered with
25 an i nsul at iteat rfeerthal refggersuic ko dbe rintsatos hot ovatenesupple YRigHHensat e

water froma de- .4) Lier. : r mpl i shing
S reélglﬁllngnﬁ;cftsvgﬂgmauﬁé e%&ﬁés.r@ﬁﬂﬁﬁoﬂ of4 @R

interior heat Xt ange, | e utilrzed 1n a simlar manner to
renove heat f raupetheetdrain tfes codipgrmedsf miogl alse dervee tol dessempthe\hgpbr at i ve

cool i ng purpose§ﬂ%)§;gfliqhgjl)‘im[t1 él@g‘{%@%‘%&?‘&%&%ﬂ@&e’&meri ng the contai ner 6 and

30 being cool €8 primary ge nmeans as described herein. A
conventionaj de- sufirstbehbbrhettiog asdosnlingreyr, aihe osibiect ivombionatedl i nto  t he

system A de-syperheater typicall rcuyl at.es . r isaterior hot
wat er tank ar ﬁaﬁnf‘ﬂ‘éehﬁgf’ th*zpﬁécgﬁﬁae%t a\ggﬁggrﬁ ?ih\ggi‘ggug%%? o&%rglginlgfir VO
2004/ 013551 PG50 ORdAidaGiR0 sydtesat orr amild e pélipddydemiot twatehe interi or

hot wat er supply, typicall si.gnifjga [ i 18 ting
expenses. Ui Ig%’ﬁf?%dr% %‘frpg%agpiygg%gr%‘egﬁl@rq n é%hﬁ%ggﬁ%%@%oqg%ul d al so
serve to | essethet henveasibnalr edmmviandleoadnin 16heonkk theofreplheedg atthet mal
system 5 Instead of heating.and cqoli | ot bi:e6it, . 1 AVEeNl on coul d
al ternativefy VY qqaie‘&atfg hﬁgatex%ncui’ggggﬁ{ 4098 %vﬁﬂ E%’sucfarh atg ﬁat er, in a
hydr oni ¢ heat i sigecloatémgs sysidenndityr becandenstberd byt tHose eldlledin Hetarhat er
generation purposes only. In such hydroni c t a i Len only,

t he converti onal ai%PS'ﬁﬁﬁ%ﬂ é‘?’atfﬁﬁﬁf Z%S%CU eb{é)hé)eelﬁ?ﬁg%egjtom t 6@1%@
conventional wgdreibnhed! tiex chajege systetn (widre sthewnp! giopilciivityois ngb-

super heater, as woul d readi be understo aSkill I he art.

I nsul ati on mat RS ?ﬁ,w%}%%w%agg-utl%u%eé%&tt ?‘?{? %Q%)ﬁlt%g%gl}%’r%g\# top) portions
of the subject meystamsheck b Hboralhssc stytofosmy rabatéss andttheddesi pBud, are wel |

known and i ncl ‘lijvﬂﬁ:h al%g twe?lrlienog\r%t toltingns.eti.gctihé Qx‘adL.nﬁ%l éﬁtirg Niquid supply pipe

8, and the entire container 6 should be fully covered with insulation

material 28, as should all system liquid and ﬂ}lid transport pipes and

lines, 8, 9, 12, 13, 17, and 18, exposed to the air, excepting the

20 evaporative cooling segment of the hot gas refrigerant vapor line 13
within the half-pipe 22 in the summer.

TIG. 2 shows a side view of a secondary optional supplemental

solar heating method as being incorporated into the system. A

conventional solar heat collector 19 is placed on the ground below the

25  liquid level 25 in the container 6, or at another convenient location below

that of the liquid level 25 in the container 6, with the solar heat collector

19 exposed to the sun (not shown). A solar heat fluid transfer supply line

37 and return line 38 will transfer a fluid, such as a refrigerant fluid,

from and to the solar heat collector 19 and to and from the solar heat

30  sink lines 16 situated below liquid level 25 in the container 6. The Hquid

is circulated by means of naturally occurring refrigerant properties,

whereby refrigerant heated by the sun evaporates (vaporizes) and

naturally rises into the solar heat sink lines 16. Since the solar heat sink



15 materials 28 such as fiberglass, styrofoam rubatex, and the Eke, all of
which are well known to those in the trade. The entire liquid supply pipe
8, and the entire container 6 should be fully covered with insulation
material 28, as should all systemliquid and fluid transport pipes and
i nes, 8, RVORBN401B51 17, and 18, exposed to the air, exeepusgMaAes20
evaporative cooling segnent of the hot gas refrigerant vapor |ine 13
within the half-pipe 22 in the sumer. FIG 2 shows a side view of a
secondary optional supplenental solar feating nethod as being incorporated
into the system A conventional solar heat collector 19 is placed on the
ground bel ow t HaeDEs aredogaded kslew t@%cqldﬁrtﬁ'n@libmleﬂmrthépomamt 6atot her
conveni ent |oc 2 cont ai ner 6,
with the sol ar %%g%a?gw%vgct’%d%ﬁge s?ieddq‘?h&i %‘%@Eﬁn 'ﬁﬁ’op b?ﬁh%\%ﬂ‘)m A sol ar
heat fluid tratypdhe sojgphbpat Pcribct037l9anﬂlereetherprobessewﬂ]Bba/mdﬂtutuoaﬁyf er a
fluid, such as r 0 oIa col | ector
19 and to and ?%gfﬁr]&ﬁ ésgﬁh % tfhhléluﬂ pr%E?grP r?]éeshi% lfg ) QB‘ PBw | i qui d
| evel 25 in3t hﬁséﬁmﬁeﬂh@éﬁi c:bangphg ¢ffagtaddby mcm«cd;trbﬁi@darhycmgman@f
naturally occu refr wher,eb rant heated by
t he sun evaporgitblgs vgééér %?g%&ggﬁpﬁgot%%a o A é}éesxﬁthﬁ‘i} S%E ?ﬂﬂ r heat
sink lines 16. Te@flgﬁ,féﬂt Hep@foﬂransfmampxér rlllkle\m Rﬂﬂééﬁfgsﬁ&i 1Rald WSR3/ 024026
21 lines 16 a u evel n the contai ner
6, the refri gglr?%?\? W ?ﬁovpfghgg%%g n%u%a%‘m m@fﬁ%ls??s- Il pull
back down intbreﬁmem@mmmtgeiﬂeéc&m tﬂé)solmhheﬂ; dol[i@ctﬁf vgestirey | | be
conti nuousl tR a e royj des. adequate heat. The sol ar
"‘heat i ng SIgysfog?n&%g D g:‘\gmlg {a{%geﬁﬁélﬁe??ﬁéugt%(? ]\é?/mg ](?Sﬁglr gﬁ? 21%ef‘}i @r ant
charge and presemert 3adVhik thederst beat bipktlbesels laid bhelvi nstloeatadt . The

sol ar heat rs line 87 frigerant
liquid retur nef){l?‘ﬂgﬁéﬂhgl\r@g{? I%E%L%e?tﬁg%%%eer BERER ﬁfaﬁ?‘ﬁ f gh mat eri al
28 so as to piBkdimes Hhyaexter mokedtio gaiynkdafisowithia el amtdaaalt écol | ector

19 entirely 1044 w t he | evel Iine
25 in the cas% Qﬁdltng 8\2‘ ggﬁgg %)Syem%eg?rag’roﬁﬁ F’F‘?‘f‘é‘éreiéi 3}1'8 shdwn as
| ocated béf ovexpleanéd duithe detadled BsdriptioheofCEBIG. ex h@fenﬁehﬁvézol\ﬁé:llsdl@f 6, the

sol ar heat i e 15538 oS8 MSedTRYEEb 8 BB 2530 ol Nl e contal ner
although two such open solenmd valves 27 are shown, so as to avoid

having to insulate the solar heat collector 19 when it is inoperative. The
on signal would be transmitted to open the solencid valves 27, by means

20 of sensor wires 32 connected to a solar temperature sensor 30, only when
the solar heating unit can provide heated liquid in excess of some pre-
determined temperature, greater than the sub-surface geothermal
temperature, such as a temperature in excess of 60 degrees F in many
locations. When the solar heating method is unable to provide heated

25 liguid at the minimum pre-determined temperature, the off signal would
be transmitted by the sensor 30 to the solar system’s solenoid valves 27,
so as to close them (not shown), so as not to take heating capacity away
from the primary natural geothermal heat source in the ground 2 or sub-
surface.

30 Although particular embodiments of a system and methad to
enhance the operational efficiencies and installation cost functionality of

geothermal heat exchange installations are described, it is not intended




depending on the primary system's operational pressures desired, as is
explained in the detailed description of FIG 1 herei nabove. The sol ar
heati ng met hod woul d be engaged by at | east one open sol enoid val ve 27,

al t hough two such open sol enoid val ves 27 are shown, so as to avoid having
t o i nsul at ewOlzg0480d358t heat collector 19 when it is i nop@CEHUSWNSI 0P on
signal would be transmtted to open the sol enoid val ves 27, by neans 20 of
sensor wires 32 connected to a solar tenperature sensor 30, only when the
sol ar heating unit can provide heated lkpquid in excess of sonme pre-

determ ned tenperature, greater than the sub-surface geothernal
tenperature, dhehsuh destratparietansried axBeginpihetoomeythisdntentionmany

| ocations. Whep t i . |.Ss unable to provide heated 25
liquid at theeﬁ%ﬁ??ﬁ%&%@@*@%ﬁ%%ﬁﬁ%ggi %%%%?ature, the off signal would be
transmtted by the sensor 30 to the solar systenm s solenoid valves 27, so
as to close them (not shown), so as not to take heating capacity away from
the primary natural geothermal heat source in the ground 2 or sub- surface.
30 Although particul ar enbodi nrents of a systemand nmethod to enhance the
operational efficiencies and installation cost functionality of geothernal
heat exchange installations are described, it is not intended WO

2004/ 013551 PCT/ US2003/ 024026 22 that such description be construed as
limting the scope of this invention, except as set forth in 'the
follow ng clains: WD 20041013551 PCT/ US2003/ 024026 23 CLAIMS What is
claimed is: 1. A geothernmal heat exchange system conprising: a refrigerant
liquid line and a refrigerant vapor line; 5 a refrigerant heat exchange
line having a first end portion connected to the refrigerant liquid line
and ' a second end portion connected to the refrigerant vapor line; a

| i quid contai ner containing a heat conductive liquid up to a liquid |evel,
the refrigerant heat exchange |ine positioned within the 10 contai ner
below the liquid level and in thermal contact with the heat




conductive liquid; the refrigerant liquid line, the refrigerant vapor line,
and the refrigerant heat exchange |ine adapted to circul ate refrigerant
into and out of the liquid container; 15 a liquid casenent having a top
portion, a bottomportion, and an inner dianmeter, at |east the bottom
portion of WAdIMALBAent in thermal contact w th sub- suPCHUB20324426al

proxi mate the casenent; a liquid supply pipe extending fromthe bottom
portion of the casenent, out of the casenent, and into the liquid
container, the liquid 20 supply pipe Baving an outer dianmeter that is
smaller than the inner dianmeter of the casenent; a liquid return pipe
extending fromthe liquid contai ner €6AIMS top portion of the casenent;

and a liquid pygpoRshaldel y connected to the liquid supply pipe and 25
tothe liquid return pipe, the liquid punp, the liquid supply pipe, and the
liquid return lpi peAgpeiharmelhaad exihroaé eptsterh kempesingconducti ve |iquid from

the bottom portion : B i . | qui d..cont ai ner, around the'
refrigerant heat eig‘ihfélﬁ%%“ﬁﬁﬁg, oﬁtaﬂgfn&fehéleé]eﬁﬁét‘?adm%gﬁ ainer, and to the top
portion of % he casamsitiger8ot cheafl hexchyigee himef hatiag m Hfinshend portidie systemi s

Che. cont ai ner Btk %o (RS g Rank e (i (el focn PR 28mg mode.
the liquid r_etcunmgcmdple O FOQeranl 8wt 1IAET/ US2003/ 024026 24 receives the
peat conductve, | Yl OB B YR 8 I ST 20T
contai ner so tliguid lavebnthe efkgetetrhest epdnage digei posithmed oolthingtiende, the
firot end Dot b by byl SRETARRLIStR) “RE 30 BRI gt ndth RRE Dot e of
ei ther of cl aicomducive ditjaidm 2 wherein: the systemis operative in a heating
mode; the |1 qul 4.1 ALUED-BLAG: %P I5! LD Sk VA8 150N RL SO ¢ h
refrigerant heat exchange line adapted to circulate refrigerant into and
out of the liquid container;
15 a liguid casement having a top portion, a bottom portion, and an
inner diameter, at least the bottom portion of the casement in thermal
contact with sub-surface material proximate the casement;
a liquid supply pipe extending from the bottom portion of the
casement, out of the casement, and into the liquid container, the liquid
20 supply pipe having an outer diameter that is smaller than the inner
diameter of the casement;
a liquid return pipe extending from the liquid container to the top
portion of the casement; and
a liquid pump operatively connected to the liguid supply pipe and
25 to the liquid return pipe, the liquid pump, the liquid supply pipe, and the
liquid return pipe operative to circulate the heat conductive liquid from
the bottom portion of the casement, into the liquid container, around the
refrigerant heat exchange line, out of the liquid container, and to the top
portion of the casement.
0 2. The system of claim 1 wherein:
the system is operative in a cooling mode;

the liquid return pipe is positioned within the container so that

when the system is operating in the cooling mode, the liquid return pipe



10 the heating node, the liquid return pipe receives the heat conductive
liquid proxinmate the first end portion of the refrigerant heat exchange
line; and the liquid supply pipe is positioned within the container so that
when the systemis operating in the heating node, the liquid supply pipe
15 di schar g¥9 2864®13380at conductive |iquid proxi nate the BETHRWOZG2d02p0rt i ON
of the refrigerant exchange line. 4. The systemof claim3 further
conprising valve nmeans connected to the liquid return and supply pipes,

t he val ve neans operative to reverse direction of circulation of the heat
conductive liquid into_and out 20 of the |iquid container when é&? system
i s switched beesEes thedeabenndugtive Hawidauerimg gecond enfl Portian gy of ¢l ai m

1 further conphi 8dfAger@nt RbdlexbhAiisedindeald N system connected to the liquid
cont ai ner and operative to supply heat to the_ heat conductive liquid in

the contai ner whenthenkauid stwrlypipe dtipoyitionsd yBhiy the contgines spdbat ng system

has a tenper atdys thb ayst@ﬁqe%géfamg inttﬁéf&%ﬂiﬁ% WleOfhl Ui §a,§p1§ Qductive
liquid in the container. 6. The systemof claimb wherein the solar liquid
heating syst erfischargss ithe beatcongnaivejiqnid pspyimateobhe Bust spd pertion f i ger ant ,

a sol ar heat B0ndbEldehailexsiikYinkl Ne and a sol ar heat refrigerant
return line; solar heat sink |lines positioned in the |liquid container bel ow

the liquid | &vel Bhesystem reeipher of elaimadoralai® 4 whemiat conductive |iquid,
and WO 20041013551RGHL{dRARQ36021992R adratibd faodle! b HYGRE rek & pig€iant supply

and return lines connecting the solar heat collector to the solar heat sink
lines in the [Hoglioded wiithin %@rc@ﬁ@neb%F}wﬁWW%‘eW@t@Fﬂ@ aPieratifgatn on of the
sol-ar heat ;4 .eftf(lé GREARE MGl BRN LhRRL 1t @hbigdCAkeit LREhOL aRdutiifough the
solar heat sink I'ines in the lidquid 5 container. 7. The systemof claimé
wherei n the sdiad peimeis| thecfinst end pywiden plothedreftigerpat beatorchieed i qui d

| evel in the qgptaiyper so that the circulation of the solar heat

refrigerant occurs as a consequence of evaporation of the solar heat
refrigerant withi nthehbauid|sappiyopipeds gpsitioepdswitain R eontaimer gethat 10 supply

line and condepaalin@RyQbm!ibBpsatidl 1HBR! hdaidy HEI2Be hiduill REpHP vile
15 discharges the heat conductive liquid proximate the second end portion of
the refrigerant exchange line.
4. The system of claim 3 further comprisiné valve means connected
to the ligquid return and supply pipes, the valve means operative to
reverse direction of circulation of the heat conductive liguid into and out
20 of the liquid container when the system is switched between the cooling
and heating modes.
5. The system of claim 1 further comprising a solar liquid heating
system connected to the liquid container and operative to supply heat to
the heat conductive liquid in the container when the heat supplied by the
25 solar liquid heating system has a temperature that exceeds the
tempe:rature of the heat conductive liquid in the container.
6. The system of claim 5 wherein the solar liquid heating system
comprises:
a solar heat collector, solar heat refrigerant, a solar heat
30 refrigerant supply line and a solar heat refrigerant return line;
solar heat sink lines positioned in the ]iciuid container below the

liquid level and in thermal contact with the heat conductive liquid; and



heat sink lines and the solar heat return line. 8. The systemof claim®6
wherein the position of the solar heat sink |ines within the container can
be adjusted to nodify the anount of solar heat directly supplied to the
refrigerant heat exchange line. 15 9. The systemof claim1 further

conpri si ng:Wa 28H@pBEssor operatively connected to the r BEFUGWPHIRH026apor
line; and an interior heat exchange neans operatively connected to the
refrigerant liquid line and to the conpressor. 20 10. The systemof claim?9
further conprising neans to supply congiensate water generated by operation

of the interior )'cgleg ans so as to be in thermal contact with
the refrigerant va% PR Bre%leg%‘?w&“%ﬂ)&pﬁﬂdaﬂe?% Krrsi qongeasingt the

refrigerant vapslar hédi®olldelor thhRBe 8018+t BER: REnICH s Th Jché H&ﬁﬁ%mﬁ%@ ahd! N9
thermal insulation. 25 appljed to the |iquid supply pipe, to T Re liquid

return pipe, aRRPEHve freproyidg rngulasion s the solanheatwefrigprandrhebecnl them |
further conpri sdlaghadalf éoligttol 'aﬁ&'tﬂrdiighfﬂkﬁesrolarai{etaﬁgﬂgg%l%% Iénd %%ﬂﬂd suppl y

pi pe in the I|qU|d contai ner and a second 1iqui user ed to the
liquid retufn ﬁ?“ﬁ%mieﬁ the liquid container. 30 13. A nethod of provi di ng

heat exchange 7n a Thd §slentiRaR @ﬁheﬁ%@%ﬂ%o@lhegﬁéiﬂe%r shePLhng system
COITpr| S| ng.: ‘lfop]ic))si)?tll Onh%%wseal ed casenent such at at east a. pOI’tI on

of the casenment® 7% levsd im dhe gontaingysn that e eirovdatéon oflthe WD
2004/ 013551 PCJ&MSR&Q%Q%@%@ oB&urs As a%ﬁgaqbaﬁégrbqe O%L{l+r9§1{t%@tsof Ef ough a

heat transfer Jine in a gui_d cont ai ner rcu ng a heat
conductive |i qi]‘“r ’r?é‘flﬁﬁ‘?éﬁ tmﬂllgééﬁwlﬂcﬁﬂ@ﬂ@ntafdnwlm@eaﬁ gefrigemmnt ai ner so

that the haal cgiditinhudl dofitibshatitn of the 36 Holt HIBEERLL GRThAGHAM LN the

heat transfer |ine and with the casenent. al m 13
furt her corrprlg‘? @W]%Wﬁnﬁg}héﬁfﬁénh%ﬁrewrafhnet he heat conductive |iquid

bet ween the cagenemntheapdict6r élbﬂ&'h%m&g@ﬂh@%{%m%%@ tB@golale%eatnSQnﬁnd cool i ng
systemis switched between a heatin

lines within the container can%e adjusted to modify the amount of solar

heat directly supplied to the refrigerant heat exchange line.

15 9. The system of claim 1 further comprising:

a compressor operatively connected to the refrigerant vapor line;
and

an interior heat exchange means operatively connected to the
refrigerant liquid line and to the compressor.

20 10. The system of claim 9 further comprising means to supply
condensatg water generated by operation of the interior heat exchange
means so as to be in thermal contact with the refrigerant vapor line to
promote evaporative cooling of the refrigerant vapor line.

11. The system of claim 1 further comprising thermal insulation

25 applied to the liquid supply pipe, to the liquid return pipe, and to the
liguid container. |
12.  The system of claim 1 further comprising a first liquid diffuser
attached to the liquid supply pipe in the liquid container and a second
liquid diffuser attached to the liquid return pipe in the liquid container.

30 13. A method of providing heat exchange in a direct expansion
geothermal heating and cooling system comprising:

a. positioning a sealed casement such that at least a portion of

the casement is in thermal contact with sub-surface material;
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