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BACKGROUND ART

The present invention relates to an improved in-ground/in-water

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
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di rect expansion geothernal heat exchange unit, whose sealed well (3) can
be placed in ground (2) and/or in water, consisting of a conventi onal
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LRI 11111}:\1'1& Itll'aln:!s' elrl!'e ]'1%'1 01 ]é water line via a refrigerant line to water line
heat exchanger. In a similar manner in the winter, heat is extracted from
the water line and transferred to the interior conditioned air space via
the refrigerant liquid within the refrigerant line being circulated in a
10 reverse direction. Many such systems are designed to operate with water
temperatures ranges of about a 10 degree Fahrenheit (“F”) water
temperature differential between the water entering and exiting the heat
exchange unit's copper refrigerant transport tubing. Water temperatures
are often designed to operate in the 40 to 60 degree F range in the
15 summer, and in the 25 to 45 degree F range in the winter with anti-
freeze added to the water. If a closed-loop, 1.5 inch diameter, plastic
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
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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
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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.
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re taught in U S Patent No. 5,623,986

Several 'such design i%{%nents . ]

to Wggs, in U S PHt By 1990s.sWiges dsyelopesl egryapositionsof excaypdingn U, S.
Pat ent No. 5, 9461a9¢8 stuffadd] @88 nebPBurfilics k&S Bf Bhdofor WAk Glacdhnt BEQT POr at ed
herein by refer e?r}c . These gﬁ%% gn I%asi cally teach the utilization of a
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fluid return line, as |1 as inpproved subterranean heat transfer tubing
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5,461,876 to Drd?s%ﬁés?orri W%?ldot?lgrs, 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.



5 U S. Patent No. 4,741,388 to Kuriowa. Dressler's 876 patent teaches the
utilization of an in-ground spiraled fluid supply line, but neglects to
"insulate the fluid return |ine, thereby subjecting the heat gained or | ost
by the circulating fluid to a "short-circuiting"” effect as the return line
conmes in cl esezoemsssat with the warnmest or col dest portirgrafoashesozappl y 10
line. Kuriowa's preceding 388 patent is virtually identical to Dressler's
subsequent claim but better, because Kuriowa insulates a portion of the
return line, via surrounding it with insulation, thereby reducing the
"short-circuiting" effect. Dressler's 876 patent al so discloses the
alternative use of Fihallgj while dissussinhg ibave l]iees ;enbértéinehgegardmebieng wi t hin
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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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necessary extendi ue vexenvAtiaer and 0i-tredze My alfectB b Aniguidephaged by a
sinple driJlin xpense. Further, and inportantly, the "short circuiting”
di sadvant agés 3$%§580W%1§8.tl}:‘9@@0%ﬁ]7‘?)?§‘§5 BETPRIEIH $p190 devis cfleciornay |y,
whi | e di scussi sysemady eomirerdantthe caitaRGr, wHieh PriG@ddshe hal ifiaRirltht y of
i ncor porati ng %‘ﬁl ar_heati ber%efi tg into a geothermal  heati n%hsystem as

wel | as incor po?'at PYRECTE VA ST Hiteh 208 sYielyP ispeplemepial hegidlorther nal
cool i ng syst enpriiraey egdotheemalk @Rstpind CTHeC ShpslP StcdGd@snt & BSe SuRQt enti al
cutrems sYstemopert onglopheselie LS el als, TLSEh S et o
unnecessar yisi Nentesdithesunianee, RARbYIEAEIem¥RAI Svapbitirdkodingf ace conditions
| ake. ocean: or - aqUiPE TRiHselY o boisBee I EXp G S EiAR faPPy | noul at ed
Geot her mal  Heaflefexdhangethdniniourdiof bbasshn iy Weae8, ddll Memembht,|dutly Pat ent
Appl i cation Noéls ]éoéu]ilelé}? 7auneter 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



woul d be appropriate, a systemdesign for geothernmal direct expansion heat
punps, and/or for geothermal water-source heat punps, which better avoided
"short-circuiting" problens, which decreased friction 15 efficiency |osses,
and whi ch enabl ed sol ar heating and /or evaporative cooling supplenents to
be effectivatgotetisaed, with mniml additional costs,rdvussubswzEanean
soil and/or rock and/or stagnate water conditions, would be preferable.
Such a preferable systemwould also be utilized in conditions containing a
substantial amount of natural water cogvection 20 where it would be usefu
to isolate the liquid comng into direct contact wth copper refrigerant

tubi ng from t hentaiter OttREMEEL, BAE dhed- eﬁ@dempeemdﬂtthmﬁlledswﬁh sabeathen t he
nat ural surroundi ng _water conditions , contain %@ﬂ{‘} t{;l cant un.ts of

sul fur, acid, t‘t"fﬂsfﬂrlhﬁl&“d Shcly ap Fater ARd{orEder Ay N7 ﬂ’ln to copper
refrigerant t léﬁbﬁlﬁtmg?uﬁp?@aeﬁbﬁ&i ﬁ&rmatbmlm kd aé o @il Lihjudct of the

present invention to further nce rove e efficiency and

i nstal lati on c®sthrewgictheopperiange ‘gﬂn&?rgﬂ"é‘c% Ftomgg‘%{}}? SAsRe e g?e%exchange
desi gns. Thi Sdﬁe%&ﬁf@'ﬂs&ﬁﬁﬁqbﬂ fBanEe Bbttom of ¢itd ertemaneivgniledivphi n a deep
borehol e, wthin ich a fuIIy |nsul ted fgo og g nde‘%tg Re IS gl aced from
the top of thdéheosghitbadnguatsd pifenthbs, a‘ﬁld R tBo P f R Ep of the

pi pe extended J19.RiS&R! ﬁfjtlrférlﬂmfﬂdéﬂ ¥od waskliatRe wihigyi wilcaruBitaeren t hi n

whi ch copper, or other suitable material refrlgggant trans heat

transfer tubi e irefrigprans deatransioniies. Werb evng ?LSWBgﬁg(?S 24026 7
refrigerant tyhidmg ext&ndsa by H@%%ﬂ@fbeaptﬁléﬂﬂia&kaﬁd:ha ooty 8f tene, to and
froma conpressor, an i nterior air handl er rg %@Ié‘wnl’}ﬁbp onal heat
punp equi pifenteasahetorherenkea supisdity. grhak ﬁn P 69§ €ont ai ner
is attached t%]ggeof%ﬁ@ for aRGrig@aht) D RRNSRr ASnd By PeNtitculkdiiz 5
conductive liquid circulation fromthe bottom of thﬁbﬁ‘%%,siffﬁﬂj;t Q{t hrough the

pi pe, around tlﬁﬁigﬁéﬁpfewﬂié? Fragatered te Hirorurropnd Fsement ,

whi ch casement, ;s a'nﬂ/og'v(rﬁﬁf by NRER of QRbRET hydt! BorivB&ionSHé ltwmﬁumg
sub-surface earth. Crculation of the heat. co ductlvEp gﬁ A such as

wat er or wat ertraveds nihe-hottery e the sasempeat Bgcepiheepfrg 4515 t uat ed

within the fo eﬂtx%ﬁﬁlﬁé&%nd%ﬁ&nﬁﬁ%h&@aér F2halab@@int GO4r@6# elian System i s
connected to the container, which provides a heat sink for t.he . sol ar

systemin the thergipe., ﬁanmféﬁlemmstwéhbw@ﬁwzaﬁ PR  primary
geot her nal Sysélgﬂﬁcﬁlié; tﬁiépé%\,SXd refhAe AR haRfbe ndd Eh&&asemlahowh a
ctor

condensat e wat In the sumer, r nters the

contai ner, to fulyyinsalateptrameammoneyeost afﬁ%’él‘@’ooﬂ?%g ansfer offoc
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



More specifically, a borehole is drilled to a specified depth, depending
on the anmpbunt of heat transfer desired, and a casenent, such as a six inch
di aneter steel or plastic casenent, which casenment has been sealed at the
bottomand at all joint areas along the sides, is 20 inserted into the ful
dept h of theavenebssa. Next, a smaller dianmeter, such aRCEUS20a3/0240d6
one-hal f inch dianeter 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 seal ed casenent. The gealed primary casenent extends to
a point near, or above, the surface where the open 25 ended plastic pipe
connects to a sEwiendiesomt welers, hedpidh easum thiaddhe evarmbst sehsiblgphasisi c t ub and

the primary ca ar, fuII uI at,ed above- ound an o) dept h at
| east equal togf%ed%%atgltﬁ% ?oflﬁ" otnefila%eSpac?—iéréf %6893%?11 @,e such as
copper refri gectaaﬂﬁstBefmubigauhayravgieﬂuﬁfch@smmersurface area to transfer the
desired anount of h at | aced int.o the 30 eal ner, wth an
i nsul at ed supply ancf' r%?lﬁ af%&?’ieﬁgr%fmalﬁcﬂg@up fPen Sﬁgr%a}én%ﬁﬁ‘?entl onal
heat punp syst benutitieerp mithetheadysm GOty easer., A atnwxfiand Lhrvidavag -an
interior air handl eé{i .and Otthﬁ customary %’t‘)@i\? nt Xﬂ\ell-kno to those in
the trade. The®RREIFRE WEYDHEEF 0T 358ASETP 65 F‘i‘)%ﬁ)s? TSHRER Rt casenent
and open- endedsinkpexchaizealwithiheihef dehleddand flllyaidiakited ﬂlﬁaﬂs&ﬁﬂtaﬂnbﬂw d, such
as wat er and/og, water and a reeze, ui rcu purrp IS
attached near %l?tSﬁse 3t OIE)H%‘ Eaa‘?ﬁ‘?%o’bﬁ’lqqu %Jdit%‘i }leh H4gh t he
open-ended pi pmﬂmothetdoatdiﬁért ﬁimehgrfprteb@tﬁmﬁmiondemée egé@ﬂnd As the
liquid fromthe botto cas th oug e insul ated
pipe, the I'fquf P %‘5?’?%‘?1’?1 é’ i%f"@g‘?ﬁle dosires ppt c‘,’H Njn the
sunmmer and war the dsbritﬂelewdlé@rto,mlalwagl fr6m) alﬁ@hquﬂrsuﬁphsehhef kd gerant heat
transfer |ine, h are ho int{]ag,{sl ner nd col in the winter, and the
o]

liquid will ep’boﬁjrqceamﬂ%tcﬂr Bt 18 BT HP ¢ rﬁ%ntlﬁg?:"ésé‘l‘?%cﬁ](y tuide e heat

supplied to, Ofefil@d&'@ﬂt ﬂnmlrdzﬂwnﬂg ﬂithih tﬁehfe@ughamalmﬁ@bé SefhediHE COppeEr

refrigerant heat tr line b circulating frigerant, wll be
transferred t oPToffdT d‘?ﬂ‘?@at@‘é@ﬁ ﬁ@jr:r?‘?&FarétoP‘TeS%ﬁ? Y SERRlemREIr wat er by

mﬁans of nas ur@dlaﬂ”l(haat elemﬁmbnpmb@arﬁegeb;} Itaeuxdﬁ-lgre&@meﬂlﬁldt Quﬁhlh}@ tlka@t tom of g
t he casenent. Si.nce t centr pi pe di ter.is. relatively |arge, an
since the di anEieFergp ?ﬁ@nﬁﬁgr@n?gﬁ%}’q@eﬁ ‘H’z &HEOWR R ¢ | onal
ef fici engy |F osaﬁSm\éh& lwHage ﬂlﬁf’ﬂuﬂ‘lﬂ@d]woﬁi‘Eﬁﬁh@ﬂﬂla@%rb&hﬁekﬂ;rblchléé‘tt l'y ated.
i ncrease urt e the_pi nsi case is fully insulate
t he common "sh?)‘?‘f "&’iuf ft?sng'* hﬁ%tgtswrﬁgﬁdl?aéb‘ % & rrelaaelie 6pH Y uppl y and
return liquid higpdsmtithl hbt Supdt Aaking! thy 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



20 elimnated. The subject invention also discloses a nmeans of providing
the warnest water fromthe bottom of the casenent to the exiting portion
of the refrigerant traveling to the conpressor in the winter, as well as a
means of providing the coolest water fromthe bottomof the casement to 25
the exiting Worw#ensyf the refrigerant traveling to the RGRERPGO2IHRG
handler in the sunmer, by neans of an arrangenent of piping and sol enoid
and/ or check val ves designed to switch liquid flow direction into and out

of the container in a fashion commensurgfe with the desired refrigerant
flow direction in either of the heat punp system s operational heating or
30 cool i ng nod@sthont dbe wecdisityufar ai Bquidcpappr Sthedsat wdwdd éwnérthag/ exi ti ng

portion of the_ld.qui l.y/ r i thin the cantai.ner sp as to
Provi de rel ati argtie HRE L e oHlal et S by K BitlEe hen:
exchange | i ne( e wapdr woulf eatwmilsirizerintolihe ssolair Heaksinhrigkessyish@nthy\O

2004/ 013551 P 4 . ficlencies, . Well as.help t.Q ensure
that the war necgél}dgé%&ﬁ{)% %l%r@al?%r' elglre oc\%lalé qf“osd ‘fvﬁgmi nterP fﬂm‘?ovﬁ%ﬁlgi oned air
space in thé websogh thahehttfhan théeolacbeldtied refsigamink| Withi the isslapheateded i n t he
sumer. As an . ffi,ciency _enhanci ng s e t, sol.ar ating may
5 be utilized \?\%lh {ﬁg "3’% %n}%elaﬁ rteﬁléw?/é]%?fe%e ﬁg‘gdoﬁ’\’/ngtﬁfi??ﬁgﬁlm%roﬁgf heat i ng
apparatus is cofrieetaat wavld coedemee mok dstot o lpjuad;ewhbk lsplidrvosisben s heat

si nk exchanger _\ t hi e. seal and. f.ul i nsul ated.,liquid container. The
i nt ense heat fp%%]ﬁg %’gfjg{ %381?%337?0]1’“%4“% Sﬁgargﬁmf%tcgge‘i‘;&a vigl?Fé'elq’ﬁ‘ﬁui d

wi t hi n t he conpeicessrwoull dreloytipnesdn képegtedpeitdt thendlarreflsdigewanopr essur e
10 extrenes, Tﬂ,e S0 at_sink can be | ocat desi.red_point within

I e g t,,any

the container, ¢Posé {eo‘?’ OrrPANEy BYRGTH 2 PR ?ﬁ ?% Happthy shartacy a5 to
provi de nore, geothesssl heat achhestr, siphick penit thé aat haitcodckor wenld he
refrigerant flyid.circulating within the refrjigerant tubing as, desired via
preferred syst%m Opera F’idghﬁllg?aéﬁ‘sr ?fggrléﬁ‘ﬁ %pgglssuf,%gaﬁ anrltg’%gﬁ?’@ﬁgﬁt al 15
sol ar heat not sdlendid ahlvys, abslexlided by the refrigerant fluid within the
refrigerant tubing wilir bﬁ bs rq;gd by. tgre liquid circulating do t he
casement, where thé® SAFomidi BHe lbltg%cael rlrﬁq‘gﬁ‘ 5| 2 ALY laﬁ’é’%g?( a heat,
and wi || aot asledriebtnatyrageetankSihes tie sabAlsystehy KNl iptugusill
suppl ement al heat..supply during the night or clou S ng%s | ar 20
heat i ng systemFel ulr&n%@’féam%m?\pﬁglgfmggﬁwg’é& ¢ q%fr‘? d o 5ﬁ%r heat er
| iquid punp whegipetadrd @eément)eatonientéoral estai seldblotadeObaite@y isgigeticat ed |iquid
at a tenperature which ceeds the tenperature of th vaj | abl e
subt er r anean g%to ﬁle-t?,nrt]a,gila%% eeé'rf?gy source, carl be I?tﬂlzeﬁ to prov1§e t%.lS éoLaal 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.



Anot her type of optional efficiency enhancing solar heating 25 supplenent
may be utilized with the systemin the winter. In this secondary type of
sol ar heating supplenment, the solar heat collector would necessarily be

| ocated at an el evation below the solar heat sink lines within the

cont ai ner. ™dgndessidary type of solar heating woul d oPER/E$2003 02426 sane
manner as the first type described above, with an 30 adjustabl e sol ar heat
sink location within the container, and with any extra heat being absorbed
by the liquid in the container circul ajng down the casenent, except that
the solar heating system would operate by neans of refrigerant-filled
supply and return isbegtgier ahe optiamslperapotativescoping Gegrnentz spplating

PCT/ US2003/ 024026 1 it hout the nec ' . | 1. QUi u e sun
voul d hoat, ¢ heRaREEy FPah © g GORRBGY i Hada ABULS ot %yosgﬂpori Zi ng
t he refri ger andbove ERgindapete meungomaits)r aid yroundeall sub-surfacesetnosedheat si nk

tubes within the fluid within the contak. I ; g thin the
cont ai ner mulﬁ?s?%ﬁ%?%"e??‘ﬁg%%ﬂ) mftra%@r?s?l]gﬁg%Ib-g?&hdggt%eﬁ%f%gef ant. Wth
t he sol ar heatlegk of gfifigartdrut lingovlishdvenpoineismreatet yThetiuid sHRPIY n t he
container, the . refrigerant . woul onden i G Laq i ch Tiquid
woul d be pul |ge 8§{e§‘ﬁ%{\5iatf))?hﬂg%lﬂﬁ@ﬁo?no?gh%ﬁ%&sngﬁgg ]ﬁggt col Fe(;tor, wher e
the process Wenkehtoe ‘Ghert ichreaitile) offepewtithdthensidrourvéng gbtawn douiect or was
no 10 longer aple to suppl reat er nt heat . SHe-surface
geot hernal hea °’§‘xé"r?a‘i?&g$’} ra?‘ t'fmé’ﬁﬁ ’O%H%eﬁe&ég?gg&ﬁe%?ﬂ %%Fﬁect or woul d
be di sengaged byuiiRAGEp6Ht Ihehaatem dnsii evasirgtise ctolinglsespenpehatd ve

sol enoi d val ves, 1 h@ %i ke. A solar heat collector typically requires a
mni mal amdfint PofullyigsWpatedt ri cal energy to operate. Since the sol ar
system's |iquid purnphu | hsing edjuéct eepringion o nothet bewiupumpf ivkesogy to
circulate liquid within the . pipe and.casenent, a cgqj LQN | ar

cel | / storage b3HHBRERY }érﬁmgtflgl S@Fﬁ%ﬁml} Srandistas c%n%’%%ﬁg%%? %21 8%an be
utilized to prefiaggtol hiveultlobal upoaessary,eglihoegie mtherFynstomary sdinecé t he

conpressor unit's power draw for this 20 unigu I | be so
low, with a 3 SRS nPiher if‘a"%'rg&aﬁﬁty‘iystc?ﬁbﬁ‘g |r%8§%%£(§s% %?,{ﬁ%]?e% ez{iuéhl. 5 kw,
the sol ar cgl | bairhBY Ye Sitbizay encydibg m reociven themal enpavmsiinevadves gy sour ce

system such as wind or water, .could b enl arged . i ot al
system ener gy PeGEHYaiREHAd ar%alfﬁé‘nglﬁ’ﬁn%%??xaglppl) Pt fi%sgngé&) g%bs)tg 51tct)rs hot gas
refrigerant vap@4e 928 thiWiged, 2l gieiisledrd well-&kmowhan tledsedn tthe buagh, Ift he

condensat e wat er roduced by the.interior aij andler | r so as to
facilitate evéﬂ%regqc@emc‘é"ﬁl Fryen A EERsare V\B‘tug? « hﬂmgerr%fag@gbl y be

gravity fed, kpown 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



or can be directed to the desired |ocation via a conventional condensate
wat er punp, which condensate punp could al so be powered by a solar 30 cell
system This optional evaporative cooling segnent will serve to take away
the nost extreme heat prior to the refrigerant entering the container,

t her eby redonad 2wg+4/01385icool i ng | oad requirenents of the SREIVEN200S024806
casenent. WD 20041013551 PCT/ US2003/ 024026 11 Except for the optional
evaporative cooling segnent, insulating material; such as styrofoam or
rubatex, is placed around all exposed gbove-ground system conponents, and
around al |l sub-surface exposed system conponents to a point at or slightly
beyond the max syriemf AdditioBally,ribe enbisttgimivéntbammapdetutiliznd aswhhaltager poi nt

is greater. ?]f L&oﬂﬂggi)%idggw ceﬁﬁt or.aﬁﬁgE}gar%}lrs;%St t he bottom of the

casenent is fully in prevent Wting" effect with
t he surroundi ng retTiare largshoivn Ifnr’l:&lmdﬁfdilmngel&hﬂ]odlﬁlentﬂdﬂﬂhbl1ﬁ#ﬁiitioyi,asa| | ot her

out-of-liquid t a i d tran rt, 1ine cept for the
evaporative co ?eir %}éﬁgé%}ér d“ilt uﬁ&lbe Tﬁd?fé%gg’l ]F%Weivﬁ’éip%\ft%‘ﬁ YRS usi ng

di rect expa#nsi mmdr lmntedrtoh’é:atsxmprepand\tpem@r exeRfilhNBRA N dhtandmal

el evation and %} ancn a][clil ff rent| @é an oi l n arator woul d be
unnecessary, Hough ess QLD g (ragipgs, prhe E%Pgansi on or ot her
refrigerant syst emEI@pa]r at asnmmewabie:allairshowuﬂl dh&fgr@a{aeé@ithﬁbnkgeau'ti l'ized,
i ncluding a re&% &%51”& ansi on %/Ulvea_ig accunul ator, .and an

ai r-handl er, for n‘%ﬁle as i BEGTRY U8 ﬁt‘@ﬁf‘ at; 2hgge-gndy W ggs,
all of which anmuimtéd éeatw]nhtlmdt kmtamen t4re mmaaled lifuidosepl epiped to use
convent i onaj a’aﬁteﬁr?éjh%ﬁz h i_hh%u%gfgequ nﬁ%ﬁ{fﬁe\/\ﬁ o kngﬂv%ﬁ%@hg}.;v&ose in the

trade, in conj unction "w i on woul d
repl ace the ai refsigerane tmysspc&nﬁzsmebramfmoﬁné &nlbézamsd togdthdr withe Bddigsour ce

systeni s def rogt. ¢ cle tion sed or ved. The subject
i nvention may Ba® ﬁ%lﬂpez 1(9“]61 SSHeY ﬁquvg}flﬂ%ngﬂf? pugp, %Vm@aﬂ?g theR Gl ti pl e
units connect ethebsastnieit) @ven the kéffigerant Ihaapafaa;bfe@mnetﬁl théSconfzhease
operat tonal  of LEHEIELGS cRNClr he chSHet umet & i Shesh crevien "
geot her mal 16i r hedt cmxmway@acm&ﬁﬁhematmmsoﬂheréh@hiﬂrﬁrby%%l\b%mrﬁf@

geot hermal cl ose I 09 er;so t punp syste or as a uppl enent
to a conventi 0?1 Rg\gg?(’sgbﬁg Cep&??ﬁﬁ%vg% e BEhY FﬂﬁéH{eF‘Bn‘gﬁay' be
utilized to assptsdnal ugflbmenid tsbiar Meatliqugd Gleatio® lsyRemais sHd¥n 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.



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
WO 2004/ 013551 PCT/ US2003/ 024026 12 system Additionally, the subject
invention may be utilized as a heating or cooling source in a nmechanical
and/ or any Wh¥Wp4&gEiem There are shown in the draw ngstaniseasisits of the
invention as presently preferred. It should be understood, however, that
the invention 5 is not limted to the sinple and precise exenplary
arrangenments and instrunentalities shown in the drawi ngs, wherein: FIG |
is a side view of a_borehole in the ground containing a nostly
liquid-filled seal éd%cddemeide viewgbtarnefrigirant Swidaiperedivgreolancheatingul at ed
seal ed |iqui d gRERWE il L auj | Q_extends from
near the botto%%of the?hcsé@g)#gﬂgﬁégt%%t gh‘c%}rj\%}{aéilﬁgsrqg%@r%ﬁe‘%gw Fg&r ant
transport heat°t§i&nds withppiphowing the stlat systometomonentsof BIG.ilgui d  return

pi pe. Liquid i BESTIMOI POR EXRIPANG OUT AFpe bottom of - the
casenent, over the ref Eﬁlé?er'ant ea ransfe ' e container, and
back into the top dhet fllomans ndateilech edegcrintian tihepf dhsobés oresemilects 15
heat onitsmedéggg%]gegﬁl bobt-R renty by, means af t her mal
contact with the su ?_surfgtgega_ co%ﬁﬁ?éﬁia%u@?%%ﬁo |'l;1%letdﬁ§°r?§’§’8r%5rﬂop An
optional suppl®@fded|insa| kpitingt sdrisquiadd hie amadey selpt &m ile sipose bei ng

i ncor porated iteLHRe WY, i transfer lines, extended into
the container. An rop]tz%oni%&%égg?éﬁg)%%ﬂggﬁvg%?Fﬁ1%3’0'?63 TRPeSPbm i s 20
shown by meansthet thevdiselopethenbalimentsgas medfelsi gemagibryvafibe ihvegionn a

contai ner f4!l@egh.R ; : egdn by .t he interior air handler,
with refrigerant cbg?%gﬂécji%{r}%g‘?lg?\gg W toﬁ% goqél(eébg‘ﬁ% kP> PSS SERRSTRLS 1 i ger ant
t ubi ng by nearffdofunstienalpdetederdientised Wereimnsrd abt dn beaieteimabtedi g5 used to
conpletely insylaLe alt S, 0 em where .t hermal 25 conductivity
i s not desirous, g%bh ag%trﬁlg ?b%\?tg-glgr%%%e gigr P RIS 3 RePregedalitit . the
entire cont ai ri@sis Phieashingrame|skijleddinstnp piry tpipdousinelnploy the piedensind | i qui d

transport |ingg,&¥RAS e,alr f rbﬂtﬂ% vaporative cooling
segment. The syst em aﬁggﬁﬁ]aglgr%xglr ab éﬁéﬁg’lg%ell%;&ﬁ ﬁos%\‘?ﬁi%&ré O BYSHT R ur e

desi gned t & r éhher varialisripgturemsndiadvimetagésof thespippbnt Mmrehtiet #ag RO pi pes, to
and fromthe ggylai.ney ratg With the reyer directional flow of
refrigerant mheér}res\!f\q T Chi %%%Ha%@oﬁeﬁﬁe%déo t%le;&r?gé‘?ﬁ n‘get and vi ce
versa. WO 2004kex83sn Rk S2018%tiad 62 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



13 FIG 2 is a side viewof a refrigerant fluid operative solar heating
system whi ch supplies heat to liquid in the nostly liquid-filled container
of FIG 1, w thout show ng the other system conponents of FIG 1. BEST MODE
FOR CARRYI NG OQUT THE I NVENTION 5 The foll ow ng detailed description is of

t he best pr & eW4/Ma3ssgont enpl at ed node of carrying out tlrETTNR@L20Om The
description is not intended in alimting sense, and is nmade solely for

t he purpose of illustrating the general principles of the invention. It is
to be understood that the disclosed engpodi ments are nerely exenplary of

t he invention, 10 which may be enbodied in various fornms. Therefore,

speci fic structasemént hae ihtended tnedferdetpasitionvigof kosedr Aldétasemert not to be

i nterpreted asq btfglgméro{;] rorbﬁjgcvh g #su%?ac%lﬁ%ggﬁcﬁﬁ{ t ali??eat%l: ?(? o (ﬁ,{‘ld as a

representative one's e ar ariously
enpl oy the presdehe cacavertt 8 de in thermaluantact amiyh appadipeandtsabysutfatai | ed
structure or s%lstt’ee]rr%\lg 15 The various features and advantages of the present
i nvention may re readily understood with reference to the foll ow ng
detail ed descri ptiThs chsemt de%mn@eamhb]bs)ﬁmﬁrtmliqtﬁé, amhcaﬂpwhgﬁarga dr awi ngs.
Referring now to the

parts or el emeFREr apf]lgar“g]ﬂeg :ﬂllaﬁlﬁre lqﬁdtfupf?r Sls?lecfgé Wvl}l‘éhcvg‘%?%f plpfdgebor Eaﬁo: Iek(la
in the ground i2,fullytihs@lated! 2&/aﬁ@@beﬁ1eﬁMerﬁretca’5emmteBtaésb hag beaest he
arout. 11111 ng szt B mebrean pamrrs bt enesdesmirtti el tne
casenent 3. Thigldapdhoheelbetiiayl ﬂ&ﬁveelcgi‘il 24amjpm -thalifuidywies 10nThdi anet er
bor ehol e 1 IandhqHL PP CROU AR SomerurE et 5RO dsBReSt Y é%ept h of 50
to 500 feet, OhquidNiwe ld&rmadhrtge emsehimt armwmttoqafe selfgatmisgsHoedvdrp be
casemsnt 3 1 < Sadh Wt B Rempoly Ttbotted b 8¢ oo ERE SR ST tarthB 0% o
as being | ocat gdvisthaie a_@nlycﬁﬂﬁﬂ ofbbhtve@aﬂnﬁehchﬁd:q:tumb ibe lcoute reouttilized. or
an bo pl aced P WAL, surgly fize et mfd PR PP R BAPe 4Py PRl Ty
subner ged. 13 hugay leh@sitsfeesy @i bme-half fnchudiametel pipapﬁamnampre the WO
01 11 oni ng of "biB SRL IR SRERERE o i GFOURG: B “Beheh et or
surface |evel, origlhtihidk ddsultiat 28 MoekiabnThe relatwely 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



of the casenent 3 is in thermal contact with an adjacent sub-surface
material. The casenent 3 has access holes 29 for a liquid, such as water or
a water and antifreeze mxture, liquid supply pipe 8, which supply pipe 8
is fully insulated 28 and open-ended. The casenent 3 al so has access holes
29 for an openmenitiesbil i quid return pipe 9, together w tPETURSH24026 hol e 29
for an electrical power cord 24 to power the liquid punp 10. The lo liquid
punp 10 shown is a subnersible liquid punp 10 | ocated below the liquid
line level 25 in the casenent 3 so as tg be self-primng. However, since
the liquid punp 10 is |ocated near the top portion of the casement 3,
virtual ly any tomsmtaf sc®8\iect dinedted ¢ogperlipeinfor 20amplsl Thbeefrigetated. The

i quid supply pihe and. t rel at,i vel hopt.lj,quid return.pi,pe 9, 15 may
consi st of a t\%?) aeﬁ%h%nrgg- éalhﬁ tiegoc Eh&i“é%é’f Ié?e é’%/t?{b}}%pcg?t%‘?lﬁfﬁﬁf’& with
the entire |i quérchesiegpb yheorgbagSanvliplidtlizleyl 2sundr vapod Hde 19, magehalist t o
one-inch thick jnsulatio 8 material. The.rel atively |ar di ter

liquid supply 8#%@9 g " I'({)agncél FRaruth $hoPRE %W%Wqﬂ?%gﬂ%?%%g@ eg? i nches
for exanpl es ohedthizassiseimifuid, suth e ugh onhioedh ectafde®ed indh, th®8liheni d 20
returns to the botto reatly reduces_|iquid head pressures caused by

smal | er dianetgFAQHFF}WE#GPF%HF:@gnﬁﬁ?éPge ﬁrﬁﬁg?n%£ﬁ9@ﬁt95ﬁﬁ1ﬁg%signs.

Adj acent to thgiqaé ensrilaled avee@hé aiffigérabt heat xchime. linkhe wigRinafheer 6 is
conprised of a

| i.quid_tight vessel, .such as a | ar | astj.c tub, with an
access cont ai nﬁcfnt%nﬁ? G%Yg‘l‘ealr’ﬁé’%tagﬁm‘ffﬁ'ém@oﬁ)t%?%é"r‘ggelﬁﬁgﬁ% gugdeydl es 29 for
25dsuppl y and Laé Qﬁll&oﬁﬂefittéddzonh@eﬁp;ﬁy pﬁig ?Withﬁ{ tHeefaFé@&staaaamzﬁélfamw g l'i qui d)
and return (vapor i 2 and 1 nd. for s r liquid supply and return
est1y" anh” TBSvdnerd 27 piudiie e At 26 Banuetin arerRasap vapor
line 13, are &héwcaeaiefl Rgé @XiokvieR Golide HirbeRBNEonveh sl SllBGERSS hol es

29, and 30 bein onnected to respective first and second end portions 35
and 36 of a refnrolgg QWS fE ke é%ﬁa‘ﬁg%rl SFEncpl PRATHWSPHES| BYE & Pevel |ine

25 in the conbaiurelrefewdble wigd, sblgeradrtaths, @ibwdyldoer bR Yr CTSkst of for
my WO 2004/ 01358 TeHCr RS 3AGE S Bued I She tgroranb R e aret ef
COtiloerI l'i nengSf Ube sxammﬁ f&hﬁoﬂ%ffﬁéeggﬁﬁéﬁch ah@ﬂiruﬂi}ﬁ?ﬁédwfﬂ,ewiﬂﬁ@sel%sbd ow :he
wat er I he | .ne contal r , 1 C . conhnecte (0] e .Jerrigeran
liquid Iine 12°€WPR$QE’6?PﬁG?‘EEOIE%}n %f“@o@“ﬁr 3% s gy or Hhs Wke, 3Bes, such
as copper tubi agto dikixibutavilie HiAEE GuppleddrahiRet t1ie WitRim bR SARmInD | i qui d,

such as one or _nore, extended inch, or Z/8.inch, . or .1/ inch, or 1/ inch,
or 1/8 inch, { Prifvas e el ,ag exfhanse Pe%Lglmé%twely 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



Liquid is circulated over the refrigerant heat exchange line 11 within the
container 6 by neans of a liquid punp 10 situated below the liquid | evel
line 25 connected to the supply pipe 8 within the casenent 3. An electric
10 power cord 24 extends fromthe liquid punp 10 through an access hole 29
i n the caseMEn0ogo1BEFia power source, such as a convent i AEAVUSARIBI24024 | et
(not shown), or to sone other electrical power source, such as a

nat ural / renewabl e wi nd, solar, or water, energy power source, or the liKke.
The heat conductive liquid is distributgd to the refrigerant heat exchange
15 line 11 by sonme formof diffuser 34, such as a trunpet style, with a
series of uni tervehiiosgdafrettdhobper iubidd totntlowslisidcdses]l ddders®ogbgwn, or the

caserent 3. ofuite alerins dFade) Hhe i fonae 41pf b ket vely
even nanner. Thge |llguwithis whplointipe § srerlishieedtiteth Ghe GlowBiReRMi9 are

The caserent  SUEHGH ErEAPde FnmEegt i LA tsee dhy Farhosphanesc o or
liquid punp llnpninTighdstedifaid daauRrthe theof ihe\ehsbnsdRB! By ABShd &t Ur n

' Pna’ the contl FEPEGFRRmpPnc: iy herbteieh Jar. Sapied: Spae bt FHEG wirh
liquid, if 25 dealsrfbhe ca@mamtty) 18iiedt gedsad:]%gﬁ]ﬂg ﬂgg;ﬁt%%%%ﬁ%u_?ﬁgl S)e;(szfg?nsi .

holes 29 in the sides, of the casengn
shown as operaFFWGdi% pﬁbh@%bFﬁﬁ “ﬁﬁﬂt?ndcﬁﬁgﬁﬁﬁéﬁtP??“F%%‘%%@F@St li quid
fromI t he bot t othepfnal E@t@@&ﬁﬂ!@ﬁéol& ée%th&%ﬁ%@ro&?d’%ﬁ}ﬁ%ﬁ%ﬂe@f@h&]f h%i dife qugi d
supply pipe 8 intaq.t container 6, 3 irectly infront of a first en
portion 35 '8f Fh%‘ﬁée&b‘f@‘g%nﬁég% S&%c"r‘fg}?g@rt%?iCﬁ%I&EPtvaaibéfﬁnﬁ%nsmfathgporti ng
cool ed refri geligaid fidw au@Bsitatd ibgeshaquid baipdid Bamn QoSlBd IHYufd LT air

nt, absorhs and renpves heat

handl er unit 15, ere the cool ed refriger )

from the inter?”8?1v¥2‘f3tb°w’§ o FRRFasgmeRt & HERus ouRPy RIBS S PCT/ US2003/ 024026
16 conventional filangdrevopefclé Wiabiggkttings Byt Sianss-iddeht ss1BGgy st ood by
t hose skilled iqythe adﬁ%fg The qugﬁd fl ow ng aLona t he _heat exchange
line 11, withi FTHe2RURT SN9REr VB Tesa s 1% SOTARERESOR (i tLhe Wik axsf Weller ant

fluid beingsci kesth@tethoby skilted ¢0 Y 85805nd Bid ndk4dhbR Heeih Gpelaato eXChange 5
of the casenent 3 by neans of

line 11. The heated‘%%qgg exitﬁ into the taq

the liquid ret A" reciign o dh, geftigerapt dlomel ereerp dihrasgh dihe wgtushe si de
wal | s of the camesesior dotisRowh); %Enl@fv%ﬁiﬁgtﬁbrﬁ 8 cbdMgihdde tHRIHRGEAE 4 and
ground 2, the he by naturally occurring thermal

t is absorbed an enoye | ]
contact with cwﬁ%ﬁn i5E e t“&"gfh{%%iplte Beden fhe Liquighawphopipe819 is pul | ed
down al ong t hebstdirtr@ied Sn Of mbRgerGaHRE Mwads, 1Ya B8RS Ridel Bficharge

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



liquid fl ow necessitated by the liquid punp 10 pulling cooled liquid up
fromthe bottomof the casenent 6 through the supply pipe 8. In a
reverse-cycle heating/cooling system a series of solenoid valves and/or
check valves in the conpressor unit 14, which are well 15 known to those
skilled in w®e2004@id8Fland are not shown herein, operate tRETE2eBH20LNhe
direction of the refrigerant flow, except through the actual conpressor
(not shown), when switching froma cooling node to a heating nobde and vice
versa. It would be preferable for the lirquid supply pipe 8 to be
constructed in a manner so as to always, in a cooling node, discharge 20
the supply |i quifdgereqtitrazelsfto dhe chepmssetowiib 4 Rehe FOBHENERS aS\kAP ch wi | |
general ly be t g G0alileabi Qisbid B LhE SR qir RiBkleFmbe L1 id ithst end
portion 35 of ?q%lee%re r %rg%g%?é%oppoer ﬁeat_ ex_caﬁgnge line 11, and, ,in a
heating node, $wnmiesFaagemphish thippéversa dinectiondgid dew ArgACHtEL t om of
the casenent 3,, which w LI Sd& of Lisldk Salvle khe W nter,
25 not taking Pﬁt%ma%%%ruéita %%g?%%%r%%%fer%%g}/ﬁg%rggl gmant i ﬁ _tFFle W nter
daytime, prexi abtodersit valteeuild be titdned dear thenliquie oumpe @ thige il exchange
line 11 in both a single-cycl Gk €he REALJLAGAGAGNKENG SYystem
To acconplish Hwagrs(%?pe% ]Iné hﬁﬁ?d;g??\?érr?g}g%gac e .ksyes_t am the Tiquid flow

t hrough t he supahy diregipr3asiredilp@ndenstaod byithesegkillsd ipdbet®d within the
contai ner 6, shoul d, be reversed he j tedab I eMRrSKe direction
within the heat exchafde ef?rﬁgﬁliﬁéw#&ngﬁgw%éﬁ%%&?reo% Eﬁ<'§1é§lool_i ng node to a
heating node atiduidi BewvéiredionThithinyithe cpnigeedet, braxdmesPoBY SVidk theat i ng and
cooling efficiencies t h SZ03/ 024@26 17
refriger antmtrglfS?téontagﬁP‘H@?El\%l)garr%ﬁﬁ %%ﬁﬁ%ﬁﬁ/t%%?%&%g%‘é% nter, and as the
cool ed ref ri gekreffietans folwsliteotibh eevientee milen changing fittinen copking M@l t he
sumrer. To acconplish this reverse direcii Ly iod wi'h9paRd out of
the container & NSFETEIRP e’glrl]r)%llﬁgaenne%#‘glg H& %iénéﬂglrs%ﬂao‘%t g)P((:ghec val \%es and 5
of sol enoi d vallaesdeiiokethediqtid pimed Onedending ot ofiard iptmihe rasenpgiitch wi | |

al ways be punpi,ng J i gui r.om .t he : ] lﬁi@ﬂﬁ mofle,t he  sane
direction, as ﬁ@&’&ﬁ’%qﬁﬁ%%é%%}%@ otu‘ggga}%srqg?ﬁl%%%l %ﬁ? e arlgtlg.?’ ,g\s one

S_x arrp![ e of _ﬁt Eitw'b [1%” e]bsa]f[“@hamf& vavesti6 ag l‘aSpeeti‘grlE ﬁﬁﬁﬁ@?ﬁ;ﬁ]éfwt _ I
irection within cont ai ger CQLr 1Qvi¢h #iRCt i ona

fl ow of the refapfidfgﬁgﬁtpleﬁst iR ea%ﬁveeat?{eel%(gﬁggﬁqll ne 11 as the refrigerant
f1 ow di recti on tive¥Bf spen whlemid alvgs B réspectivelic bstalled andde supply#ndeat i ng

mode, supply and return pi , a r ng‘bQ AfowEiTGuial Waaded above
the liquid punp®'td® p&?@eﬁ&?ﬁ%’ %ﬁ?vegge gﬁ‘c’i&lﬁ% i esca?se(rer_lgul
pulled up from the bottom of the casement 3 by the liguid 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 valves, 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



3 and extendi ng back into and out of the container 6. In the cooling node,
15 two "A" closed sol enoid val ves 26 are respectively installed on the
supply and return pipes, 8 and 9, above the liquid punp 10 as shown, with
the two "B" open solenoid valves 27 respectively installed on the supply
and returnwpizpe®13s8 and 9, above the liquid punp 10 asrehvoszvos/dzsepai d Wil |
be pulled up fromthe bottomof the casenent 3 by the |iquid punp 10, 20
which will always operatively punp liquid in the sanme direction up from

t he bottom of the casenent regardl ess ofg the direction of the supply and
return liquid to and fromthe container 6. Wen operating in the heating
mode, the two operatieriad medg. enbesssibed above, aﬁ$pdcp1pee,l&anqb9nehb1(ldmb shown) ,

and the two Bﬁuu%laﬁéw%%&ﬁhm%tﬁ@@&gﬁ% }%ﬁc %t(é\lﬁos ot shown), 25

t hereby reversing t irectiona OW O FHAR ERe cont ai ner
so as to maxinize tAreortemel sepréérhedal $Qialth®tn:gtmetmodgs$imv¢nmmbﬁhgt he heat

exchange |ine i = Y-Yo) \Y 6 .an

connec?ed to aﬂ%%rrlljtar.hg 43 ﬁirlﬁoa@lg sgﬁenﬁ A%€R e%tlég leno?rdﬁ'?/aézl g %ﬁ”? ég ¥ not

shown), as feaplated emdavsh (@o‘dslwat)h@sm a;rk:lthdrenbnweméllﬂeloedﬁqn, ssapaasdt o 30

respectively o e, " B" n nd 27,
p ively ﬁe@)eas[ﬁli @09 ?EOV&!B A ole*raheat ﬁ%ﬁ ee.uppzlﬁélr@I {: 9

when switching froma rsa. Wen
the supply andretemylime b$ peEtrBStS&md lglulé,rwch rastv&ité:ﬁﬁlnd antaﬁreeweﬁrfmm

2004/ 013551 P(;I’A&J&gg%B#q;fgg% cloﬁ?ct%p%at |donal Pﬁ"f sfﬂ? |bwcéilfabove al |

such pi pes, and 9 vere erial
such as rubat e]XneSolﬁ tsit@ateidkiselovrlipphd |1malz5snppﬂaeemaﬂdersplme bgat i ng net hod

is shown as,b i I stem A conven ol ar heat
col | ector ?% eﬁé&gmg %geggq{ ﬁitggr%o?u??tﬁg %8%3 of &y solgy @’ﬁ%ﬂ‘ﬂgﬁ“& nveni ent

| ocati on, expcmenu) tZO, Iehavmgrpo(v\rwtfrcsxham)ectn@caﬁ@baér b@atzzﬂ doglaedled t@nsf er

supply I|ne 174804 4 Leturn transfer g/ such.as water

and anti-freeza " F PoratvanaP 4 36 pf)ﬂ’ 5%‘?1'8? Oﬁé%tgmc%lolt eIk and from
the sol ar heatersrg)kelettthnelaaoh@r soumat B dobdrdwak Elquicictrhﬁéf@l supply Find he

cont ai ner .. 10.heatin stem|iquid is cjrcul ated hy means of a
sol ar system Iilngu?g 1%651#}3 ié %ﬁoﬂfa ﬂ%\)@gfngf FOTFeh "BHe dPS4RE™ power cord
24 connect et tmwategiat Bétsoascmrpmrtremmd exitaRéatSotimicromn the ssSRregt her

natural /rene t al, po ur c The sal ar, l'iquid

transfer sup\é\?c? I??t%lgi]&% E’% & uf%ﬁaii %ﬁl\ge‘i%veol? mgﬁ’S q’c?é'il%ge"é vered with

i nsul ation is livet28ringhe z&esmnas %ﬂptﬁmﬁaﬂawy@dﬁﬂea 16eaé sigaimad fromthe

solar heat ¢ ti.r s he hea ndu ve | jquiid bel ow t he
o qHaﬁ&é gggo‘; %h?ﬁ mdeilz%l EQ F CHRTEE 8f gq.ué féef

liquid |evel casenen Sahk |ines 16

are shown as Heatatnkdinesl I®veanhie inbepd 4 Rmeﬂlorﬂélthér didwer G@F&Q’értﬁér t he

cont ai ner 90 tflljoe St%e exiting portmn 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-



heat sink lines 16 can be noved to a location either closer to, or farther
20 from the exiting portion of the copper heat exchange line 11, which is
carrying refrigerant to the refrigerant vapor line 13 in the winter,

dependi ng on the system operational refrigerant pressures desired. The

sol ar heauW&zﬂ‘é‘f“Héél woul d be engaged by a tenperature EEREER0FOR40%60nnect ed
to the solar heating systenmis liquid punp 20 by neans of a 25 wire 32 of -
sufficient capacity to transmt on/off signals. The on signal would be
transmtted only when the solar heating unit can provide heated liquid in
excess of sone pre determ.ned.te tur e han the sub-surface
geot her mal t eAPER%E: uﬁ@enéﬂﬁﬂ‘m@lé’a e?@?rﬁé? Pﬁ‘gﬁ 0n‘“".ah"é(“’x SEPBe l#%egrees Fin
nmany | ocat i ongeladheatihd Metitldain dpRedtidhg mmnmdnammmsem @ofldovi de
heated |iquid_at_the mni rrumgre determined te ?@?ﬂt‘ % of f si gnal
woul d be trandficlosedi %) spRENSEHLRE PYRPGS IV e SURD I‘é‘?n §t§°t LY %ui d punp
20, so as not php aliPkeBabRAL | B0as P PSdvelt MM YossfITAMat TeomR theBrimagt ur al

geot hermal heat source in the ground 2 or sub §004/013551

PCT/-US2003/502 #6%bermal haating systeny, & meansndfi iptyeal Foermal QpeecEibvi?, to show

t he suppl errenttﬁg the%%é’l@r beat hdag cfichedel n operation. Such open sol enoid
val ves 27 would be closed (not shown) duri ng\]}gerl ods, when suppl enent al

sol ar heat was noWhé]G\Paﬁltaé’@’édﬂsthé@@sn& Bof, 8 Y sterels| PeWnHItR@at from t he
primary s geotc&s%{eﬁﬁ@éteh@akk %xﬁy%ae%anbﬁérﬁﬁé%b&f a1 WhalntéRe BBl

convection, to the then cool er solar heat collector 19.- Waile operating in
the cool i ng me#thanghe syl aeimtesios paBrnllernl 5, thryahenyates copdensatsunp 23

transferring \W4ignide SN a HALESibOB2 NBAed EXEDMIIRIroud G RicASa Wh-e1 i or ai r
handl er 15, through a water condensate 10 drain |ine 21 |nto a half pipe

22, | ocated odsydried portigroalhesreingerant vanorileylhrer eiteiveay Bemt he

refri ger ant V%H@éulua%@le}%rtyme &ﬂtdﬂl&g\%ef}{%m& e hak edlanéligrs115 to the
contai ner 6. The hal f-pipe 22 has sealed e 31 so as to_contain the

condensat e watseras Wprentndhn sandengpiecyate ’éeT}Pﬁgcqnﬁlen%ﬂt? &eaberny P y wi t h,
and typically dﬁ%&eﬁi‘d}%n% hﬁtm%dr §idalif cBMlritkARRE hdD rdfiBErakB vihport he

hal f - pi pe 22, wll absorb heat fromthe hot refrigerant w.thin the vapor

line 13 anth wiline B3 amdhathelfimpe 22hwilk abssrbohesd) from  therkasyreftigenaiti ng heat

from the refrigafignhe %QSTL r I8RSENRDwHN Sy pSAte &%mu@bxde%ﬂmome&ébﬂy rest of
t he geot hermal system The evaporative cooling system shown, as with other

di scl osed el er?éﬁ?‘slnéfhe@h%msﬂl?j refrigeraniend igpsening ﬂ)@thez@ RAFR Y i n a
limiting fashi@nge.ag:pbhehe 30AhOSAISsySMAPOTRY bYDofANd ABlingRAGSmMRY be

utilized via utilization of condensate water so as to |essen
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



the load on the rest of the geothermal system Although not shown in the
drawi hgs, 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

wat er fronW® We/HERLdi fi er (not shown), or other neans PCEUSAWE8HPIS shi ng
interior heat exchange, could also be utilized in a simlar manner to
renove heat fromthe hot gas vapor refrigerant line 13, for evaporative
cool ing purposes, prior to the hot refgjgerant entering the container 6 and
30 being cooled by primary geothermal means as descri bed herein,

convent i onal dnmtdhnnhéatﬂimgmmmt§m6hmyHWﬁ@réF§dWﬁ@rﬁﬂ@ﬂbde%F%EV|nto t he

system A de- SUBGERSAHeL. . ynloall yaeh ekl SpRLerUfRaMdNe d aberior - hot

water tank aro rirgerant vapor line so as to transfer WO
2004/ 013551 P@%bﬁm&slﬁzﬂl@zaoom@g medet wonbhralshesered 19 dessathtthe dephe interior

ot uater SUPBLYiovhRhERh e el STHE LEARLINaISGEIGL NG Mol vt er, heat | ng

expenses. Ui |5 cool i ng mode woul d al so
serve to | essen thé@ndteat of rlmabnalanﬂcadhum aihethe egtbiest invrntigaotdwdd nal

system 5 Lnstsad ol Bedti 09209, a8l Lag Bl a 1505, 34bh S waiagd on coul d

alternatively and coo such as water, in a
hydroni ¢ heat |lngﬁﬁmolhm1@ysmlmg s;mtemowlrdcriwéd Lhel Itliﬂ,’zle@ji ffer babtwatar er

generati on purpose S n only,
the conventi orffi™® Stf %HPSeeF' nﬁx? %gﬁ}’gﬁ]? %écwéetp gp@nfbahb&%lap

conventi onal wikekoheatioaxlc handendiert upitoflss wowkd) b§| meplaged: gvith de-
superheater as wo Id eadi b t the art.
Insul at i on ‘frat @PVER O"i‘%,w%ﬁTé% gre}e{a’-%?‘géb%gﬁt(?% é@ﬁo%ﬁ%%n%mael | portions
of the subj ects@ysh@mw\beweuldheadmtbecmmmbd/bst§h0isssln@tadﬂd’6@|arbus are wel |

known and include, _but, are not .l.i | s 28 such
as fiberglass, styrIBT'blﬁﬁ? I"‘l‘i%%]? g’mt%areli%s% ﬁw&fm rlg{géﬁwel | known
to those int hpoxtlba@leof ke saibject @ybﬂequwmesap@eympl pendlsttlvaiiﬁrdmt hetentire
contai ner 6 should be fuII xsovere i r as shoul d
all systemliq Sbméfﬁdarfalvm P?vgngﬁgl}rtmui&pggég%]eg%fﬂmlﬂgatt@ ﬂng‘lﬂ %gn 13, 17,
and 18, expeseghataridlhesaich aemmlassgsmom ewlm;b@rand\/cémdd@l raHngsegmant of
the hot gas ref er ant .vapor e 1 e I p the
surmer. FIG 2% gﬁg‘v@egv y,lﬂg) \ﬂtg\kl () lgﬂsl%%%ﬁ e&t{}%hﬁu{a suppl errent al

sol ar heating geah@cdhanbieé roniaivesrgehatléde futlb* cdvereslymtbmnswatlebnvenu onal
SOl ar heat COl l % etl’(]?arl 9 I Ssh%uﬁcaeﬁ] sy&emhﬁqlgﬁoa%ﬁdﬂml t%%éplaﬁz plpeS 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



25 liquid level 25 in the container 6, or at another convenient |ocation
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
refrigerantwpl200491355f rom and to the sol ar heat col | ect orCcLOSENsloMesand from
the -solar heat 30 sink lines 16 situated below liquid level 25 in the
container ‘6. The liquid is circulated by nmeans of naturally occurring
refrigerant properties, whereby refriggrant heated by the sun evaporates
(vaporizes) and naturally rises into the solar heat sink lines 16. Since
the sol ar heat 1Behk6 9¥o logier beies she pilkrliqrabere 2602608 tonthinee s, the ar e

| ocat ed bel ow L850 0LE6411 b Gl lys W nt.ajner 6, the
refrigerant wll (g:ondensek‘%ﬂég&ahﬂ%%{gtﬁqé,ﬁi’ﬁ%éc &ggia%i“{l%/lp\?\nhlqadﬁ&f’vnback down
into the sol ar itfedhe ¢plar deabeollegtor \iffe whetctheppmeas swilli bd cdigimmnniliynuousl y
repeated as | opge.asgt [ eat . e splar '.heating 5
system s phase%’ﬁangeﬁﬁgﬁg% P gclti:)t8 &Hﬂ?}oﬁiﬁ%ﬂ%@%ﬁa% g?a}tl” ggﬁﬁﬁﬁrgﬁﬁpﬁﬁ and
pressure, a$ isystRrdermhagedhanee soeffectdd by edcdrrect refrigerant Thergohad heat
refrigerant vagRtaldkapster j A refrigerant liquid return
line 38 are shg]\F/\é/r]S&z;é’ %iilﬁémg%\%%?édwwﬁf%sgisr% akiul %ﬁt gﬂ?aﬁc’ia%gé% as to
preserve any exdiigeraahvapai iredsfér eupplhéing A7asnd eafrigemint dijuod rdi@rentirely 10
for the heat cgpdygti LAyl ¢ _bel e.lauid. |level, |i 25 in the
casement 3. V\hFi egfﬁtﬁgyglél%@?Hﬁggtggs@%f%@iwﬁ{eﬂsﬂfgga °8 Igﬁtgﬁﬁpgg P@8dPed bel ow
the liquid | eveles@Xejamyteirtrackenat gninefl ftdve thontlar heat Glledthe 18 @htfeliieat  si nk
lines 16 cagp hg.npY 0 catian within i.he.contaij.ner_ .6, ependi ng on
the prinmary system gﬂeoage?oala ?{%t#agl ﬁé@@sgé&%&esﬁ&eéﬂ%&dgvg&?@ Byt é}q‘ﬁed in the
det ai | ed descré¢gsenent 8f Wile the sdarhesibeuk. linksel & akakhowie alki 1Beats®t hod woul d
be engaged by : . i.d valwve 27.. althou two such open
sol enoi d val ve%l%%?gfgqgﬂgﬁﬁﬁe%&ﬁggg? gntg%'/g?(ghe ‘f?él\z/?lﬁar %’ ttﬂﬁeﬁg{}ﬂraheétt he sol ar
heat col | ect orsink ligeenl§ tcan shei moped dbiany. l6thon ovitlshgthal conbaiher lge

connect ed to o daamk S Y Sty GelGFe DheraitndT AHEAT esTaRate heat ing
unit can prbviekpldieed énl the deladed Mearipgivn off FEANE hpfetnatdesd. €THY Bslgr
2 Tonpor at ur o MEBoE m BT b RR RN 7R RRE 5 PRR a0PORE Yo Ghe & ho- sol ar
heating met hodelitwughaisioesuch queo\solimoftbatleds 25 drb giliodmatko taketondvdidrum
Censor 30 to el Mettfy it l61ad HeaP Ll orolion 0% LRRRTNG Bitoot 1 nem
(not shown), s signarlorfoql%be Sleasinitied tvgopenphe stlgnadayives 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




fromthe primary natural geothermal heat source in the ground 2 or sub-
surface. 30 Although particul ar enbodi nents of a system and nethod to
enhance the operational efficiencies and installation cost functionality of
geot hermal heat exchange installations are described, it is not intended WO
2004/ 013551wWRCH4I$ZB03/ 024026 22 that such descri pti on BETRSHYS/P40M as
limting the scope of this invention, except as set forth in 'the
followi ng clains: WO 20041013551 PCT/ US2003/ 024026 23 CLAI M5 What is
clainmed is: 1. A geothermal heat exchapge system conprising: a refrigerant
liquid line and a refrigerant vapor line; 5 a refrigerant heat exchange

| i ne havi ng a thiat sucheledensioni wrconsionertbes buiting theescopef ofithisrimventionqui d | i ne
and ' a second_en rf4 . he refrigerant vapor line; a
l'iquid contaiﬁggﬂgéﬁgg%%gﬁjngﬂgggﬁaggﬁgﬁbE?ve liquid up to a liquid |level,
the refrigerant heat exchange line positioned within the 10 contai ner
below the liquid level and in thernmal contact with the heat conductive
liquid;, the refrigerant liquid line, the refrigerant vapor line, and the
refrigerant heat exchange line adapted to circulate refrigerant into and
out of the liquid container; 15 a liquid casenent having a top portion, a
bottom portion, and an inner dianmeter, at |east the bottom portion of the
casenent in thermal contact with sub-surface material proximte 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 having an outer dianeter that is smaller than the inner

di aneter of the casenment; a liquid return pipe extending fromthe liquid
container to the top portion of the casenent; and a liquid punp
operatively connected to the liquid supply pipe and 25 to the liquid
return pipe, the liquid punp, the liquid supply pipe, and the Iliquid
return pipe operative to circulate the heat conductive liquid from the
bottom portion of the casenent, into the liquid container, around the
refrigerant heat exchange line, out of the liquid container, and to the top




portion of the casenent. 30 2. The systemof claim1l wherein: the systemis
operative in a cooling node; the liquid return pipe is positioned within
the container so that when the systemis operating in the cooling node,
the liquid return pipe WO 2004/ 013551 PCT/ US2003/ 024026 24 receives the
heat conduc¥pPvet4oiygsi d proxi mate the second end porti onPET/US20b#020&6r | ger ant
heat exchange line; and the liquid supply pipe is positioned within the
container so that when the systemis operating in the cooling node, the

| i quid supply pipe 5 discharges the hgat conductive |iquid proximte the
first end portion of the refrigerant heat exchange |line. 3. The system of
either of claim1 or claim2 wherei "CLAMMSsystemis operative in a heating
node; the |iquj . ipe is positioned within the container so that
when t he systgﬁg?%gg%%ﬂgﬁ%hg in 10 the heating node, the liquid return

pi pe receives & he Asavtheomelietat gechiange sxbtemn oxmpeisiegt he first end portion of

the refrigerant he : .4 ne; . Lqui d..supply pipe is
positioned within ?%%ﬁ%%%%ggﬁglrd%%%ﬁ%%%ﬁ%ﬂa °§§/1§1?*em is operating in
t he heatindg node, #&heeftigarant leappxghgigee lind Shakiisg harfiyes dode phetédn conducti ve

l'iquid proxi t cond_end portion.of the.refrigerant exchange |ine.
4. The syste%’?ﬂeg %%ﬂg3t%16u¥eteﬁﬁ ?I%f:%rrl}laqruﬂ%ﬂﬁ’be vafvé FF@S‘%‘S nHeEt® to the

| i qui d ret urn camakcsaspioltie pifpigerant hapordinee neans operative to reverse
direction of circu ' t he heat. conductive Liquid.into and out 20 of
the liquid contai n%?ﬁ{kﬁgr‘f {lﬁ?é‘besry%c’?'gw}n§ %v%%aéhcgﬁé%cgivﬁgé%”% H® & ing and
heati ng nodes liggid Tével, sthet efinigfran] heat &xdhangd dine conjtidnsd ngithinstear | i qui d
heating syst 0.1 i gquid;container and, opgratiye to supply
heat 1o 1% ROMEAIINAGE the lﬁ%nlg‘uieagfﬁn% 58 T coifrey mBRT B hfat suppl i ed

by the 25 sol apnductiwe dighielat i ng system has a tenperature that exceeds the
tenperature of the;heat..conductive.liquid in. the container. 6. ,The system
of claim5 wherei nthtehléeﬁél%‘frgpglq‘}q&bcmmﬁeﬁl? A5 E Y APOh ey é’é’g: the sol ar heat
col | ector, solrafrigeeatt heat ekdamnga line andapledriochietilats efrigérang &iitardndsuppl y |i ne

and a sol ar hea frigerant .return line; solar heat sink |ines positioned
in the |iqui o 8 af e o Ekaindh o

15 a liquid 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 liguid

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



liquid | evel and in thermal contact with the heat conductive liquid, and WO
20041013551 PCT/ US2003/ 024026 25 the solar heat refrigerant supply and
return |lines connecting the solar heat collector to the solar heat sink
lines in the liquid container and operative to provide circulation of the
sol ar heat Wef2pl4§aeiSant bet ween the sol ar heat col | ect oPCHKE20032902gh t he
solar heat sink lines inthe liquid 5 container. 7. The systemof claim®6
wherein the solar heat collector is positioned to be below the |iquid

| evel in the container so that the cireulation of the solar heat

refrigerant occurs as a consequencge of evaporatjon of the solar _ heat
refrigerant witesivesithe heat %ﬂndBB‘]lTeeﬁﬁ‘&Fl pyEede she progpd cRE MOgeAk 10 suppl y
line and condgps adf-O8radt hidtexslnae heaind €f rigerant in the solar heat sink
lines and the solar heat return line. 8. The systemof c|laim6 wherein the
position of the sothgrligiEdsueplyioipe ihaesitipres) WithHe theorrdningr se dhathe adj ust ed
to nodify the ;@uak sgéteﬁqk Bperali®@tin §hé 8slihy ﬁdﬂ%?t}iequqdi@ shp¥ly p&ld | ger ant
heat exchange |line. 15 9. The systemof clarm 1l further conprising: a

conpr essor Sopétisehaxgep fhe Sesteropdictive liged presimghs he ixphgeel poptiRe ofand an
interior heat igxehABASHIBANSxAPEIRNIEl Y connected to the refrigerant
liquid line and to the conpressor. 20 10. The systemof claim9 further
conpri sing means t Bhegseny of eihrrehelain leackimgewberginad by operation of the

interior heat eXChﬁﬁ%steHﬁ@%ﬁeﬁin@sinE%eQﬁn% PhokBethA R uEPRERG] pigh ) the
refrigerant vapor liné to pronote evaporative cooling of the refrigerant

vapor |ine. 1Positigpedyithimihst cantaings so thattrhen therdypiedt werendingin | nsul ati on
25 appliedyd 0 1hAg Ll dBURR YiqRldPfotubd plfaCreebigtl thd b fholLBSye and to the
liquid container. 12.” The systemof claim| further conprising a first

li quid diffuséiauihprerithaw the finsk end gortdons ofpifieyrefiigarani hedfeerchanged cont ai ner
and a second yjeasi g diffuser attached to the liquid return pipe in the
liquid container. 30 13. A nethod of providing heat exchange in a direct
expansi on geot her il ligieigsupplyapige doopsikignesy within samprtaingg so dhatyosi ti oni ng

a seal ed casengpt, . i .S in
thermal cont act mﬂ%%%%ﬁ%ggﬁgggggﬁggéggﬁg%&ﬁﬁéﬁgg%2%%%%%%%&%%¥%ﬁgg003/024026

26 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



a. circulating a refrigerant through a heat transfer lineina liquid
container; and c. circulating a heat conductive liquid between the seal ed
casenment and the liquid container so that the heat conductive liquidis 5
pl aced in thermal contact with the heat transfer line and with the
casenent. 1WO2904@13%8% hod of claim 13 further conpri si ngPEEVEI083/424026
circulation of the heat conductive liquid between the casenent and the

| i quid container when the heating and cooling systemis sw tched between a
heati ng node 10 and a cooling node. 1525 The nethod of claim 14 further
conprising circul attih%% ol.ar heated liquid through a solar heat sink in

t he contai ner when O%é{eéhif‘? EersHh SUPRY 34 Xeh@rhlingsi ognessing. thee. The

met hod of cl ai BaldAhéat chltorRRE bslhBod st s iAghd ﬂ&uidjcén{aﬁieyagﬁr ant
through a conpressar and ap interior heat exchanger usi n3@ refrigerant

vapor and | i quPRETRiFRE Provile ginsplnting of shrieniatbent wefrigerantdetieesad they t he
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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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15. The method of claim 14 further comprising circulating solar heated
liquid through a solar heat sink in the container when the system is
operated in the heating mode.
16. The method of claim 14 further comprising circulating the
15 refrigerant through a compressor and an interior heat exchanger using
refrigerant vapor and liquid lines, and applying condensate water produced
by the interior heat exchanger to the refrigerant vapor line.






