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CONDI TI ONI NG SYSTEM Descri ption
Technical Field 5 The present invention pertains to ajr

condi ti oni ng Q¥ with thermal energy storage and i TPAPMMYr to
an inproved air conditioning systemwth thermal energy st orage and

| oad | evel i ng capacity. Background Art El ectric power

suppliers or so-called electric utilities charge higher rates for both 10
summer and w nter peak cooling and heating conditions. For exanple, in warm

weat her conditions, peak THERMAL ENERGY STQRAGE AIR CONDITIONING SYSEEM t er noon

hours and in the heati ng seasons peak electricity usage nmay be in the
early nmorning hours when heating systens return to nornmal daytine
tenperature settings and el ectric wat er Descaipaios, f or exanpl e, are

subj ect to above-normal usage. So-called thermal energy storage systens 15
have been develTepksicdl ®ieldi ni m zi ng the use of electrical energy during peak

peri ods. US. Pgtents 5,211,029 (to Uselton, et al | ssyed May 18,
D605 and 5. 367 o4z The PrsSeqs jrvention praiisad Ak otioBo Sykired RRbdhrl peerey
assi gnee of the fdin pdiMBIled @an plokédir EHd@iUning sysem?®RhRB&mal energy

Fi scher) issued Cctober, 26 &3[,993 describe air conditioning systens which
utilize a ther mrassms-\ddyads(e WECPERK- havi ng a phase change material, such

as water, Background Art )

Electric power suppliers or so-called electric utilities charge higher rates for both

10 summer and winter peak cooling and heating conditions. For example, in warm
weather conditions, peak electricity usage is ﬁsually in the afternoon hours and in the
heating seasons peak electricity usage may be in the early morning hours when heating
systems return to normal daytime temperature settings and electric water heaters, for
example, are subject to above-normal usage. So-called thermal energy storage systems

15 have been developed for minimizing the use of electrical energy during peak periods.
U.S. Patents 5,211,029 (to Uselton, et al), issued May 18, 1993 and 5,307,642 (to Dean),
issued May 3, 1994, assigned to the assignee of the present invention, and U.S. Patent
5,255,526 (to Fischer) issued October 26, 1993 describe air conditioning systems which
utilize a thermal energy storage tank having a phase change matertal, such as water,

20 disposed therein. During off-peak electricity usage periods, refrigerant is circulated
through a heat exchanger in the storage tank to produce ice, and during peak electricity
usage periods, refrigerant is circulated between the storage tank and an indoor heat
exchanger coil or evaporator by a low-power consuming pump to provide the requisite
cooling effect. Thermal energy storage systems may also be used for heating, as shown

25 in U.S. Patent 4,645,908 (to Jones). So-called load leveling systems provide for
simultaneous operation of a thermal energy storage unit and a vapor compression

refrigerant circuit, as shown in U.S. Patent 4,916,916 (to Fischer).
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20 di sposed therein. During off-peak electricity usage periods, refrigerant

I's circul ated through a heat exchanger in the storage tank to produce
ice, and during peak electricity usage periods, refrigerant is E
circul ated between the storage tank and an indoor heat exchanger coi

or evapor at B934 ow- power consuning punp to provide thePEBYSIaITIE
cooling effect. Thermal energy storage systens nay al so be used for
heating, as shown 25 in U S. Patent 4,645;208 (to Jones). So-called | oad

| evel i ng systens provide for si mul t aneous operation of a thermal energy
storage unit and a Hewever,chngwesypenof loadr bevelinge syardmsc do Cabitt provides fdWawd N

| gC'SI'/ UESE}?T? gifgjeger%]egt {80 hee Qa?gh)ahgers which ;y:\'gvn%e?/cg'gl?nogélsimultane_ogsly from both

However, knowa thepes emi:rgbrcsmi-ah gecweit hﬁfﬁﬁsi eip?qrd:an-i]b%ssl iBhQEFrig@mlfxfEir&}ep, ls;in

i ndependent indger heat exchanger .C rovi ge coolin I mul t aneously
from both g"‘gﬁ‘é Iw“eWBFSgQPE’?a r'%"gfkén% Sstemh e PPh ﬁ’f’%"“g%lgﬁrbcéb hsetdng; aash
refrigerant scicoslitig byStiidultaneousliUbpdiating kNderndly 8f5ey0kedrQR0uAR VA B %apor
systens do not provide for both heatlgg and, "5 cooling by si rrultaneougfy
operating a t KBMREFSIEALFGBBROHEGE HihiresRaeHs sopasese indoordwapesheigers. It is
refrigerant clbqhisk i thaf GRAREkhY aRAGH Bichded dAoNA! exchangers. It s
to these ends that the_ present invention has been el oped. Di scl osure
of I nvention MMMesent i nvention provides a unique

| oad-1 evel i ng-typeyiar b dveRRL Thes tem includes.a .
conpressor, an out gggrpﬁ%gg?%fgﬂgﬂ err, d%gfuﬁlﬂﬂ# olg?d %ﬁ%{nﬁmype X A8 and
a thernal dResyyem:t dihagestemmincludsyrecanhpresser, 2 nudgyr heat exchanger;desl iadoor heat
storage tank %élﬂn@el&hﬁﬁ?a ?ﬁ@\qxgﬁ eﬂ@&)ﬁ Eﬂo@‘lge unit® th?lleS tﬁAéar;[ngf énecxj'!gys Bglstelgcllugest ahe

tank and a

storage tank with a phase change material, such as water, disposed in the tank and a
refrigerant circulating pump for circulating r:efrigerant berween the thermal energy
storage unit and one of the indoor heat exchangers.

15 The thermal energy storage unit may be provided with a heating element to heat
the phase change material in the tank and may be operated to act as both a heat source
and a heat sink. The arrangement of the components of the system is such that the
system may be operated to provide both heating and cooling of indoor air, for example,
at predetermined "load” conditions while requiring approximately only one-half of the

20 power required by conventional heating and cooling systems for meeting the same
thermal load requirements.

The system is capable of being operated in at least eight different modes (four
cooling modes and four heating modes), not including two transitory modes for moving
the refrigerant charge to and from the thermal energy storage unit. During so-called

25 off-peak electricity usage periods, the system is operable in a first cooling mode to
circulate refrigerant through the thermal energy storage tank to cool the phase change
material which, if such comprises water, is cooled sufficiently to manufacture a
substantial amount of ice in the storage tank. A refrigerant liquid storage vessel may
be interposed in a refrigerant circuit between the outdoor heat exchanger operating as

30 a condenser and the storage tank to store excess refrigerant during the first cooling

mode.



refrigerant circulating punp for circulating refrigerant between the

tthermal ener gy storage unit and one of the indoor heat exchangers. 15
The thermal energy storage unit nay be provided with a heating elenent to
heat t he ‘?hase change material in the tank and may be oger at ed to act
as both a hea and a heat sink. The arrangenent /17911
conponents of the systemis such that the system nay be operat ed to
provi de both heating and cooling of indoor -&-, for exanpl e, at

predeterm ned "l oad" conditions while requiring approximtely only one-half
of the 20 power requiirseepngypoeling mere of meramta?ﬁr%gw scbasienasd by sirguliting
meeting the Sanffrigerant ROk chpfisdof fItHeIMEYOP heat exch &?ﬂ A
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for nmoving I ger the thernal energy
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systemis opes abI e | A thifdi ¢opling andderaf dpadmohoof the systexn Lplra\héesrfef rcir@ﬂitﬁhmt of
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refrigerant I|qu stor.age vesse ter osed i.n efrlgerant
circuit between™ gpaﬁ‘fl%ggfpﬁfgﬁlfﬂaéaﬁﬁlg-ﬁ@éf ‘3‘?3%@ e W Rer and

t hg storage t \6/1\?) kgt7 ?115% g&igsrd&?fééeﬁﬁh ryef alfaﬁhérruspew rdf mme Ifventidd, The GA%nh Rthy be
gDCT;E US96/ 1791Q operated in a fourth cooling mode wherein full capacity coolinggis_provided by

circulating refrigerant from the compressor through the outdoor heat exchanger
operating as a condenser and one of the indoor air heat exchangers operating as an
evaporator while, simultaneously, refrigerant is circulated through a circuit which
includes the storage tank and the other one of the indoor air heat exchangers operating

15 as an evaporator by way of the refrigerant circulating pump. In this mode of operation,
full cooling capacity of the system is provided at approximately one-half of the electrical
power which would be required of a conventional vapor compression refrigeration or
air conditioning system.

Still further, the invention provides for four heating modes of operation,

20 including a first heating mode wherein an electrical resistance heating element, for
example, disposed in the thermal energy storage tank, is operated during off-peak
electrical usage periods to heat the phase change material in the storage tank. In a
second heating mode of operation, direct heat generation is provided by the compressor,
the condenser and one of the indoor heat exchangers operating in a reverse or so-called

25 heat pump mode wherein one of the indoor heat exchangers is used as a condenser and
the outdoor heat exchanger functions as an evaporator.

The invention provides'a third heating mode wherein refrigerant fluid is heated
by the phase change material in the thermal energy storage tank and the refrigerant
fluid is circulated by the pump to one of the indoor heat exchangers to provide heating

30 of the indoor air. Still further, the invention provides a fourth heating mode in which
the systéh is capable of full capacity heating wherein refrigerant is circulated between

the compressor and one of the indoor heat exchangers in the heat pump mode while



A second cooling node of operation of the systemis characterized by

Circul ating refrigerant fromthe conpressor to the outdoor heat
exchanger operating as a condenser and then to one of the indoor air
heat exchan ers o erating as an evaporator to provide di rect indoor air
cooling in tional manner. 5 A third cool i Hg/¥6a7931
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condenser and oné 0 ers opera se or
so-cal l ed 25 theanvepunp whltherqqha'mgi subsmanailfy teldecedmlmncaheaweeﬂeﬂnamger’ﬂ:a S
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upon reading the detailed description which follows in conjunction with the drawing.

20 Brief Description of the Drawin:

FIG. 1 is a schematic diagram of a first embodiment of an air conditioning
system of the present invention;
FIG. 2 is a schematic diagram of a second embodiment of an air conditioning
system of the present invention;
25 FIG. 3 is a schematic diagram of a third embodiment of an air conditioning
system of the present invention; and |
FIG. 4 is an simplified block diagram illustrating control of the air conditioning

system of the present invention.
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si mul t aneousl &v ref r?oéerant s circul ated between the ther rra|"°4’r4‘é%’8§7’é't or age
tank and the ot her indoor heat exchanger_to provide full capacity

heati ng. The system provides seve?al advant ages which will be
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v ntioned
above-me The compressor 12 also has a low-pressure vapor or gaseous refrigerant fluid suction or

~ inlet line 18 which is connected to the reversing valve 16 by way of a conventional

suction line accumulator 20. A first refrigerant-to-air heat exchanger 22 (which is

15 preferably located outdoors) is suitably connected to the reversing valve 16 by a conduit

24 and by way of a conduit 26 to a second refrigerant-to-air heat exchanger 28, which

s located indoors in heat exchange relationship with an indoor space to be conditioned.

A conventional superheat controlled or thermostatic-type thermal expansion device 30

and a check valve 32 are operably interposed in the conduit 26 to allow the heat

20 exchanger 22 to operate as an evaporator in a heat pump operating mode. A second

thermostatic-type thermal expansion device 34 is interposed in the conduit 26 upstream

of the heat exchanger 28, which operates as an evaporator when the system is operating

to provide cooling to indoor air, for example, flowing over the heat exchanger 28.

Refrigerant fluid is returned to the compressor from the heat exchanger 28 by way of

25 conduits 36, 37 and the reversing valve 16. The aforementioned portion of the system
10 forms a first refrigerant circuit.

The system 10 also includes a thermal energy storage unit comprising an
insulated tank 40, which is operable to contain a quantity of suitable phase change
material such as water 42. The thermal energy storage unit may be adapted for

30 refrigeration applications. For example, glycol or salt may be added to water 42 1o
lower the freezing temperature substantially below 32°F, for example, to approximately

20°F. When operated with a standard refrigeration system (not shown) instead of an



features and advantages of the invention together with other superior
aspects thereof upon reading the detailed description which follows in
conjunction with the drawing. 20 Brief Description of the Draw ng

FIG 1 is a schematic diagramof a first enbodi ment of an air conditioning
system of HRIB¥&Ment inventi on; FIG 2 is a sPRENBL6/1391d agr am
of a second enbodi nent of an air conditioning system of the present

i nvention; 25 FIG 3 is a schemati6e di agram of a third enbodi nent
of an air conditioning system of the present invention; and

FIG 4 is an @ opiditidnetg spiterokevdperguingteimiperasires ani the ocden tof 3B°Fofinstdad ofi46°F
condi 100 NG gor anYi5 eBMibnih Sy RERS By b MRS Which is suiallf 107 kfigarstion, .
Mode for Car ragplicatioms. tAhehitdnbeanexchanger 44 is immersédhint the vele&cs2 withiacheagih

follows, like,el enents ar ed t hroughout the, . spec tion d
e o i t 16 RS R RN AR cCtr el oy 47 Sesand iePigatg Tuid
figure is trhasf&cCanduins adsd chivd &dmauﬁlserming BdovedtMal tmnmh&msi&n form
in the 5 interest_ of claréyand eness Referrln to FIG

1, there is if9vretI2INEEPISH ‘f Rt 2R h‘??blet‘.ﬁ}’éﬂg%“ and copdyit 4B iasmi ng

(cooling and ﬁﬁ&kb&%eayétaemdameafaﬁ&mfts@emmxﬁ Rhi hﬁﬁe By ety 55 escribed
general |l y designated by the nuneral . The system 10 is a to operate

wi th convthermal ea¢rey epragejupinplso MChideﬁsa hesting ¢leme@ro$ﬁmn@bhrl lam;ed within
residential cggll Wyfﬁee}ﬁtmg J€ment 56 may be a conventional electrical resistance heater

1C operably connected to a source of electrical power (not shown). The conduit 50 is

connected to the conduit 26 and has interposed therein a refrigerant liquid storage vessel

~ 60 for storing excess refrigerant during certain operating modes of the system 10. A

suitable by-pass-type check valve 62 is interposed in a conduit 63 interconnécting the

conduit 26 and the conduit 50 as illustrated. The compressor 12, heat exchanger 22,

15 conduits 26 and 50, heat exchanger 44 and conduits 46 and 36 form a second refrigerant
circuit of the system 10.

The system 10 still further includes a liquid circulation pump 64 operably
connected to the conduit 48 by a four-way reversing valve 66, which may be similar in
some respects to the reversing valve 16 but is preferably provided with a solenoid

20 operator 67 for shifting the valve to provide fluid flow in the directions to be described
herein. The four-way valve 66 is also connected to a conduit 68, which is in
communication with a fourth heat exchanger 70 (also a refrigerant-to-air heat
exchanger), which is located indoors in heat exchange relationship with the space to be
conditioned and is operable to provide cooling or heating of air passing thereover, in

25 a conventional manner. The pump 64 has an inlet or suction conduit 65 and discharge
conduit 69 suitably connected to the valve 66. The heat exchanger 70 is in
communication with the conduits 36, 46, by way of a suitable connecting conduit 72.
As previously described, the conduit 36 is also in communication with the heat
exchanger 28 by connecting conduit 37 and with the heat exchanger 44 in the tank 40

30 by way of the conduit 46, as illustrated. A short portion 71 of conduit 68 may
comprise a capillary tube expansion device or a conventional thermostatic expansion

device and bypass valve may be interposed in conduit 71.



10 system 10 includes a notor driven conpressor 12, connect ed to a

.conpressed gas di scharge line 14, which is connected to a conventi onal
four-way reversing val ve 16. The conpressor 12 also has a Iomfpressure
vapor or gas‘g,gtbgll;sgirl gerant fluid suction or i nl et g\@_},ﬁ
connected to the reversing valve 16 by way of a conventlon I on

line accunulator 20. A first refrigerant- to air heat exchanger 22 (which is
15 preferably | ocated outdoors) is SU|tany tonnected to the reversing
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heat exchanger 28 b cond its 36, 37 and rever g, val ve 16.
The af orenenti oned ﬁ.&f’t iol; T §9 ee?ﬁvcm] c‘i‘bvef‘ﬂ??é 2"“?‘1“:‘53 i’l“@‘f pavsebesht
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unit conpri SI ng I nsul at,ed tank 40, which is ggrab o contain a
quantity of guF?‘&Yﬂ“émBﬂag@‘?,‘hQﬁﬁ%“ comprestar, pLp Wpe pv kﬂﬁ?’é‘r O puseTHe vapor

thernal ener gy c8ipfeddn Uéf&-'kergﬁan e aﬁ%ﬂaﬁﬁnf@rsg?@ms I @4 ke HaAheQ 'i‘he reversmg
applications. For exanple, ycol 1%3 ghq e added to water
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system (not shown) instead of an

may be an outdoor refrigerant-to-air heat exchanger, such as a serpentine coil having
15 suitable finned heat exchange surfaces and operable to have air circulated thereover by
a suitable motor-driven fan (not shown). Heat exchanger 22 may also be of a type
which is in communication with another heat source or heat sink (not shown). The
heat exchangers 28 and 70 may be conventional indoor air evaporator coil-type heat
exchangers, wherein air is circulated thereover by suitable fans (also not shown). The
20 insulated tank 40 may be of generally conventional construction for pressure vessels and
the serpentine coil-type heat exchanger 44 disposed therein may also be of generally
conventional construction. The pump 64 should be of a type which is adapted to
pump a mixed phased fluid, gas and liquid, without potential for damage to the pump.
Certain types of rotary vane or helical screw-type pumps may be utilized for the pump

25 64.
The modes of operation of the system 10 will now be described in conjunction
with Table I, which indicates the operating condition of certain elements of the system

including the compressor 12, the heating element 56, the pump 64, and the solenoid
valves 76, 78, 80 and 82.
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connected to heeponpuil 48 ky1a foup-way mﬁve'siog val vg 66, whi ¢h may be

simlar in S tO e T evyr sty yatve—I6—but—fs—prefier abl y
provi ded wilPhlla_dol ehoi ® 20 oferal or 167 |f o sh| ftPng |t heéd val velt oflpr ovi de
fluid flow injthe difecyions be descii bed BereinO'Tha rurway val ve
66 i s al so cofprectedt-o—a—GondittbB3——wh-ch—isiin commuhi cAti-gn with a
fourth heat e chﬁh@er 70 (4l s® a fefoigdrant-tp-air heato exchﬁnger)
which is |oca XCamng ronsthip—wth flace to be
conditi oned a blé td | 0 ' JaSS|ng

t hereover, in 25 a conventlonal “manner. The p punp 64 has an I nlet or suction
conduit 65 and di scharge conduit 69 suitably connected to the val ve 66.
The heat exchanger The dperitmg modes are indicated as nos. 1 through 8, and two temporary

15 modes are indicated and designated hypermigration (HM) and pumpout (PO). A "0"
in regard to an operating mode of a particular element indicates that the element is in

a closed, off or de-energized condition and a "1" in regard to a particular operating
mode indicates that the element is in an open, on or energized condition, respectively.
Operating mode 1 is typically a summertime or hot weather mode of operation

20 during off-peak electrical demand periods wherein so-called ice-making is provided for
the phase change material 42 which is converted from a liquid to a solid, for example.

In operating mode 1, the compressor 12 is operating, the heating element 56 is not
operating, the pump 64 is not operating, the solenoid valve 78 is closed and solenoid
valves 76, 80 and 82 are open. Compressed gas refrigerant leaves the compressor 12 and

25 flows through the reversing valve 16 and conduit 24 to heat exchanger 22, which
operates as a condenser. The condensed refrigerant flows through the bypass valve 32,
conduits 26 and 50, the expansion device 52 and into the heat exchanger coil 44, which
operates as an evaporator. Refrigerant, of course, leaves the expansion device 52 at a

reduced pressure and cools the phase change material, such as water, 42 in the tank 40.



comuni cation with the conduits 36, 46, by way of a suitable connecting

conduit 72. As previously described, the conduit 36 is also in

comuni cation with the heat exchanger 28 by connecting conduit 37 and

with the hea ger 44 in the tank 40 30 by way of the conduit 46, as

i |l ustrated. wgéﬁ@?‘?‘ portion 71 of conduit 68 may corrprlpg"‘&”é'a'(ﬂlll | ary
t ube expansi on device or a conventional thernostatic expansion devi ce

“and bypass val ve may be interposed in condufPt 71. WO 97/19304
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The system 10 i Evapgrated sefsigeraatiisypulled pack thspugly sandpis 465 value 36 dnd)pemdmeélﬁ to

val ves , th8co S:ﬁ?reﬁ&dllﬁgy whi 8f U! GSsifDvavich 6 %e&%mﬂtﬂeﬁﬁﬁg%é Ve seﬁ

conduit 50 on oppo des of the liquid refrigérant ‘stor
60 while the vaixeess hqmdseﬁnscmpwwedmm@gc vessedofifdui t 46 bet ween t he

condult 72 and the SRl edfe % slgia8) BRG] NSRS dise SobikoRRD5E

in the conduit 26 be e exp anS|on vice
34. The heat 5exhhmogeized by qspsrqmoﬁmpf e ntanﬁlﬁssohaat roedeliven diégh ﬁ&sﬁﬂd eous

connectin C, ndu ts 48 69 72 46 for,m thlrd refr erant
circuit. ) refrige PP F% 15" ﬂgg}g Vflvf i gé@‘e‘f"é’lduﬁ \rerfe el e"ég’é"@é"n
whi ch have beergz, whlcﬂhr @ﬂrﬂtkS:isya dm@mhemonaexswmmeam&eﬂw&hrame b

conpressor 12 may b conventi o g tor driven caqnpressor of a type
wel | known for VGZ"(S S‘?l R?ag?ﬁ ex “"@6‘?73 e J41gh i§ SO Gerrating #s An gygporator coil.

condi ti oni NG Sysdc6itingly, Rrallvé ks.sr?mexﬂd tﬁehﬁewefpaﬁ&dme\sahy@p&ﬁ;wwréaﬁcc
conventional, _and the expansi ces 30,.34 and 52 may
convent i onall® sdg% Pﬁ?&f"e rﬁ][“’r de %ﬁ‘é‘ﬁ% AOI eaears é@sheaasthansps t38at Exhporaces

exchanger 22 refrigerant returns to the compressor via conduits 37, 36 and valve 16. In the direct

cooling operating mode 2, valves 76, 80 and 82 are closed and neither the pump 64 nor
the heating element 56 are in operation during the steady state.portion of the direct
cooling operating mode. In the direct cooling mode 2, the system 10 is operating at

15 approximately one-half of its total cooling capacity.
A third operating mode, designated as mode 3, and also known as first-stage shift
cooling is carried out by shutting down the compressor 12 and starting the pump 64
while closing valves 76, 78 and 80 and opening valve 82. The four-way valve 66 is
positioned such that liquid refrigerant will move from pump 64 through conduit 68,
20 the heat exchanger 70, the conduit 72, the conduit 46 and the heat exchanger 44 back
to the pump. Refrigerant is drawn out of the heat exchanger 44 by way of the conduit
48 and the four-way valve 66 to the pump inlet by way of conduit 65. Solenoid valve
82 is left open only long enough to draw sufficient refrigerant into the heat exchanger
44 to provide a full charge of refrigerant to circulate in the manner just described. As
25 refrigerant passes through the heat exchanger 70, it evaporates and returns to the heat
exchanger 44 where the low temperature of the medium 42 will cause the refrigerant
to again condense into liquid form for circulation by the pump 64. The capacity of the
system 10, in the operating mode 3, usually may be the same as in operating mode 2.
However, an important advantage of operating mode 3 is that the power required for
30 operating the pump 64 is on the order of 10-20% of the power required to operate the

compressor 12. Heat exchanger 70 operates as an evaporator and heat exchanger 44



may be an outdoor refrigerant-to-air heat exchanger, such as a serpentine
coil having 15 suitable finned heat exchange surfaces and operable to have

air circul ated thereover by a suitable motor-driven fan (not shown).
Heat exchanger 22 may al so be of a type which is in comunication with
anot her heatWQa8UIB® or heat sink (not shown). The heat PERUBSMgEMS 28

and 70 may be conventional indoor air evaporator coil-type heat
exchangers, wherein air is circulated thersover by suitable fans (al so not
shown). The 20 insulated tank 40 nay be of generally conventi onal
construction foperpeessacondenes @ spamdng mode Ae Ssemgevdsieh 60 has suffiipg staa#
exchanger 44 dispoesed therein ma se.bhe of generall opventi,ona
constructi on. gc“gutr?pstt%rf tgﬁaﬁlo HX‘D%J ’3?’ 153%5%“%%‘?6% s‘_f%”é‘d‘é‘ﬁ&'eg opgration. n;np
a m xed phased f| uild.orderso pad ﬂdnqupeiatingirhdmlzt_omi{eﬁﬂhgaiodéefalg@lfﬁgﬁnt&tﬁége
punp. Certagi.nh types of rotary vane _or helical screwtype punps may be
utilized for t pffi/fg‘“%“ﬁ’ﬂ.e’ the system 18T?|E-,¢'?’F5ﬁé§ dftryRIoR: i%ﬁﬂegan?ﬂé as

system 10 wig | hjRwhifuids SHM)D Sthe W p&raiigratiod bRl usuallptdils 4 ?ﬁ%tﬁrgirssth\g?g fifhe,

i ndi cates the qperating condition of certain elements of t 1
i ncl udi ng t he ¥eHptheessierfive minytes ima systemy haviagrabrut 36 tonsweoolingamudity.ahd thene

ISD (CjilT ;9 Bg |9(g/ 1791\{%%651&;@@ ffbde Sie BEA eﬁannger 44 is urPed 1 }gg‘aQ%m_k ag_about 32°F, or

TABLE | at the freezing point of the phase change medium 42 if it is other than fresh water.
Refrigerant fluid in the heat exchanger 44 condenses and the pressure within the system
10 10 decreases. Since refrigerant fluid throughout the rest of the system 10 is at 2 much
higher pressure and temperature, a refrigerant fluid charge is drawn into the heat
exchanger 44 during the hypermigration mode. Table I shows the operating coﬁdition

of the items listed during hypermigration. '
The system 10 is advantageously operable to accept a cooling load that requires
15 the compressor 12, heat exchanger 22 operating as a condenser and heat exchanger 28
operating as an evaporator in the same manner as in mode 2, while simultaneously
operating the thermal energy storage tank 40 in conjunction with heat exchanger 70
operating as an evaporator and heat exchanger 44 operating as a condenser in the same
manner as in mode 3. Accordingly, a full load capacity mode 4 operating condition
20 may be sustained by the system 10. When transitioning from the so-called shift cooling
mode 3 to the full load capacity mode 4 or when starting full load capacity mode 4
with a sufficient charge of ice or solid phase condition of the medium 42, mode PO is
carried out wherein valves 78 and 82 are closed, valves 76 and 80 are open and
compressor 12 is opefated to pull liquid refrigerant into receiver vessel 60 and heat
25 exchanger 22. Compressor 12 is operated until the compressor suction pressure reaches
a predetermined valve {e.g, 20 psig). At this time, mode PO is concluded and the

system is operable in mode 4.

In mode 4, valve 80 is closed while valves 78 and 82 are opened and valve 76 is
closed. The pump 64 is started to circulate refrigerant through the heat exchanger 70
30 and the heat exchanger 44 to provide cooling effect to air passing over the heat
exchanger 70. The compressor 12 is operated in a conventional manner to pump

refrigerant through the reversing valve 16, conduit 24, heat exchanger 22 and through



l[tem Mode 12 56 64 76 78 80

82 1 1 0 0 1 0 1 1
5 2 1 0 0 0 1 0 0

3 0 0 1 0 0 0 1 4
1 0 WO 97/1 9i04 0 1 0 1 PCT/U%G/179] 1 0

1 0 0 0 0 0 6 1 0/1
0 0 - O 0 0 10 ~-11- 7 0 0 1
0 0 0 8 0 0
0 0 the hgat exchanger 2§\#o cool air(passing overd:eat exchanger 28. Tableﬂ also shows 1
0 1 1

ﬁ_}lxg oggrglréﬁ condmoill d)f the varidlis élcment dlq the full loaf]c?%arcgagrﬂogg 4'an e

@) per es are I ndicated as nos.

two tenpor ar y 1€y suamdtdsmay, @f cowtses he eplerand i ebé gxilabedl cipapiey mcgleat amil a{l-fthe

and punpout (PQ "Q" an e e.of a partjcul
el ement i ndi cat%acesmtAtn Q“flﬁﬁ?ao 1eslme‘F%le{eﬁt tge jeditiin gh"b? rpsh water, é’l‘ @d
conditi on and aits j:haslerfrbmg@ﬂzd n‘ooh@nqbanﬂlthel Itanpﬁmrﬁbf elge hquzdnmebcgmd ItG&IsES

that the el errent n energi zed condi t .on, ectively

Oper ati ng node T 1¥|{5€%§F¥ agﬁ"rf%r g?ﬁe" f“W@aﬂ’Efg?e“rtrﬁﬂ ?ﬂ‘%ﬁ‘é?‘afb?on
20 during of f- pleak redllﬁfénielnf‘sa| Il engaiedd, pl@d’at @Echank@s 28)1 76 rowldt @0dudt &viHrhdY
is provided for t} e change material 42 which is converted froma
liquid to a sol Pabilitgfo reeous opemton, of Fompregsondd@nd Pumpe6b orkarehysdirect 2
i s operating, theihgahd Blﬁ&edoeﬂﬁfhre%ehied“mmralle]Operat' ng, the punp 64 is
not operatin the solenoid valve 78 is cl gsed and solen0|d val ves 76,
80 and 82 ar& open. Khspresd@ds Yusadvartagegusly aperable ye provide foorherungsimdograinnd
25 flows thr oumﬂehsad egée&&wgnnaw@héa@ aa&h e %uﬁfo t @rﬂze@éltoﬁg%gmﬁsg
22, which operates as-a condenser. The co ensed refrigeran

through the bypeesditicas ve ﬂmies in whichritheisysse®6l Oamay 56 OPBﬂaEdemmmgnde theatearithe
52 and into the, 44 0 gles as an.
evaporator. Ref rellgg%{déﬂ{égﬁagq‘gé 5§§’éﬁ n éb\‘/ﬂé&cﬁ el e%B%E‘éslton“of&/Tn@g is flegignaged
reduced pressuras modd Scandlisthathim whak,edm'imgw@‘epeahblecurmity demaid perivdil eie hedding n

t he tank 40.

15 element 56 is used to heat the phase change material or medium 42 to a suitable
temperature. For example, if the material 42 is fresh water, the heating element 56 may
be operated to heat the water to a temperature in the range of 180°F to 190°F. In this
operating condition, any refrigerant in the heat exchanger 44 and the conduits

‘connected thereto will tend to migrate to the heat exchanger 70. Typically, in

20 operating mode 5, the valves 76, 78, 80 and 82 are closed, the compressor 12 is in an
off condition and the pump 64 is in an off condition.

The system 10 may be operated in mode 6, also known as the direct heating
mode, while operating in mode 5 or not operating in mode 5, as the choice may be.
In the direct heating mode 6, the compressor 12, reversing valve 16, heat exchanger 22

25 and heat exchanger 28 are operated in the manner of a conventional heat pump. In
other words, the reversing valve 16 is positioned such that high pressure refrigerant gas
discharged from the compressor 12 pisses through conduit 36, conduit 37 and gives up
heat to the medium passing over the heat exchanger 28, which now operates as a
condenser, to condense the refrigerant, which then flows as a liquid through check

30 valve 62 and conduit 26. The thermostatic expansion device 30 reduces the pressure of

the refrigerant as it passes through heat exchanger 22, now operating as an evaporator.
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Evaporated refrigerant is pulled back through conduit 46, valve 76 and
conduit 36 to t he conpressor 12 by way of the reversing valve 16. _
During this YP&WMg node, sone excess |iquid refrigePenusssarsnored in
st orage vessel 60. Operating node 2 is sonetimnmes known as
first-stage direct cooling and is 5 charatzerized by operation of the
conpressor 12 to deliver high pressure gaseous refrigerant by way of

t he reversing Gaslews refBigemaok lbhmgmhndhaattexdﬁéngeo 22 rpessénetm?xl@hahamﬁﬂ?sin vatlv?he216
whi ch oper at es ondense sed re r ant ows t hroug e
by- passIo vaal %12 € c%mepai'ss%r ggﬁ% é\fﬁ'@ﬁ ‘now operating as an

evaporator coil. An mmme thedting mdde\ﬂEmZ)B be &u@iﬁ@ Buﬁﬂﬂp]ﬁ&eoftrﬂ&len@lrefern ng
expansi on devic %i% eraple to redgﬁe 10 t f‘? pressure of th IC]UI
refrigerant ad |elEa ‘f‘ﬂé HEAPPETChan et ¥0 bom ardjthe heaﬁgcpgemant
returns to tmesscleaaé&s While t60 Paibl63 iPdnergifedadbirt@lhies C
cool i ng oper atthn ﬁﬂe'd vaI ves 76iJ 8l anr?dé82 aré cl osé%féer hpir}{el t Ee?’h
punp 64 nor e?‘ doen M‘”‘S’B‘CW‘T% dpeperatingimade Lnghrt:hmaytai@dy

state portion B}f Bl :{sefﬁ{t stage slﬁRQlehﬂngq QR@EI@&h? g@gxereqhﬂf&xfrﬁ ‘gﬁ&%ﬁ'& 0

cool ing node 2, thé system 10 I s oper at ng at pproxinat e _

its total coolif alychprawhicl is required to circulatetth prrcfnegmteﬂmdgndndm,pxﬁqs_sgghited
as node 3, an f IS carri ut
by shutting dgﬁhﬁﬁ;ﬁg@%@g&&ﬁ%ﬁ%ﬁﬁ% % ’Iea“'{%me"g ?ﬁgthgﬁompresmllﬁ in

cl osi ng val3Pehezdng ngrderit] rd@lgaradt Bpidnis rdgamlfmm g h&hexd;mgaway:hfaﬁg}et@ is

ggﬁhb' ?ngg S “CJE&n&xB@ks l:& 91 %E }g&rﬁl tbeen posmones to Ea(r?cmxé)eu 6¢e4 cc;[n uxt

be in communication with the inlet of pump 64. This position of valve 66 places the
conduit 48 in communication with the heat exchanger 44 so that liquid refrigerant
enters the heat exchanger 44 and is evaporated by the heated material 42. Hot gaseous

15 refrigerant leaves the heat exchanger 44 and flows through conduit 46 and through the
heat exchanger 70, which now operates as a condenser, by way of conduit 72,
whereupon the fluid condenses back to liquid form and is again circulated by the pump
64. Assuming 90°F of usable heat storage in the tank 40, the cool storage to heat
storage ratio of the thermal energy storage unit is about 1.33.

20 A final operating mode of the system 10 is that wherein, essentially, modes 6
and 7 are carried out simultaneously as mode 8. That is, the compressor 12 is operated
in the heat pump mode to supply hot gaseous refrigerant fluid to the heat exchanger
28 and the pump 64 is operating to circulate refrigerant fluid through the tank 40 and
to the heat exchanger 70 in a hot gaseous form. Placing the system 10 in condition to

25 operate in modes 6, 7 or 8 may require brief operation in the hypermigration or pump-
out mode to place a sufficient charge of refrigerant in the respective circuits which are
_operable in modes 6, 7 and 8. In mode 8, heat exchangers 28, 70 provide a dual
condenser capability for simultaneous operation of compressor 12 and pump 64,
whereby direct heating and shift heating are operated in parallel.

30 . Referring to FIG. 2, a second embodiment of an air conditioning system
according to the present invention, generally designated by the numeral 100, is depicted.

System 100 has a similar configuration to system 10, described hereinabove with



20 the heat exchanger 70, the conduit 72, the conduit 46 and the heat
exchanger 44 back to the punp. Refrigerant is drawn out of the heat
exchanger 44 by way of the conduit 48 and the four-way valve 66 to the
punp inl et bxg\/vaa% of conduit 65. Sol enoid val ve 82 is left open only

| ong enough t WPsufficient refrigerant into the heat ex®6ARKRE79IL 44
to provide a full charge of refrigerant to circulate in the manner just
described. As 25 refrigerant passes throughl}he heat exchanger 70, it
evaporates and returns to the heat - exchanger 44 where the |ow
tenperature of refrresgedtcuFIG21anthe| primagedifiseence beingshamsystem 100 imdwdes a heat

dense into |} apa
the o Csyat om Zithefer RRBIEL i Gl 8 bigRePtnk 16, UER O Shell ehRRCM Wil
operating node P.which ishiouvewed jn the stomge medanaonithint agk 401‘ am:bepa nm4r§milﬂ313

is that the po wredfo erati. .th 64 is 0 eorder
10- 20% of thg B@M g SPhgar "6376 liquid ‘%ﬁ%’&%‘?‘dl P%‘?“ whick'
exchanger 70 peraitdbde fig p’iiftqﬁtignla@r?;\pcﬁrOd‘omip"i'éksi&ﬁ61’“efrfg¥1%1l‘1@lnB@!‘théf4 in system 108D the

gé{r/l ?Jggg /179171 Storage medium (e.g., deionized water) is encapsulated in a plurality 1 containers 106,

operates as a CRRRANEE'priferaBRCpRiticpHIRS each hHhifg ag‘ﬁamaéﬁ%k gg oblﬂﬁazel four

sufficient storage pacity to store the am)unt of refrigerant qU| red
to support node"S ?ipekalcapeﬂ valves 76 and 82, peyegingeyalyeoéand stﬂ:mrdcqmraa:tn 67 of
nmode 2 to oper a;?'sﬂ:ﬁl 1948 Aot g:le%t kRQ exﬁ‘QUBh%ystem J‘xI:lugé%Ol H’[}?llsgnl m he

system 10 operates In a transition known” as yper m gra
The hyper i giatgogduit ¢éan quém:ysqlen@é anrated mlvwéloymsd"lmrtdum m, between

three 1o 1iVve MAWLepenoAnsyst 983 hayd 09 Abaud0ckens sooling ca sn
gt 102, 2 Soleod Sprreed Jalie M ms o

In the hyperm gration no exch
sink at about 32indnit]Hé lptween pump 104 and an mdoor heat exchanger 118, whlch is in heat

exchange relationship with an indoor space to be cooled or heated.
In contrast to system 10, system 100 has four discrete refrigerant circuits, instead
15 of the three circuits of system 10, and two discrete refrigerants, one of which is not a
vapor compression refrigerant, instead of the one vapor compression refrigerant used
in system 10. A first circuit of system 100 is comprised of compressor 12, reversing
valve 16, heat exchanger 22 and heat exchanger 28. A first refrigerant, which is
preferably a vapor compression refrigerant, is circulated by compressor 12 through the
20 first circuit when system 100 is operating in modes 2 (direct cool), 4 (full load cooling),
6 (direct heating) and 8 (full load heating), as will be described in greater detail
hereinafter. A second circuit of system 100 is comprised of compressor 12, reversing
valve 16, heat exchanger 22 and heat exchanger 102. Compressor 12 is operable to
circulate the first refrigerant between heat exchangers 22 and 102 when system 100 is
25 operating in mode 1 (ice making), as will be described in greater detail hereinafter.
A third circuit of system 100 is comprised of pump 104, hear exchanger 102 and
tank 40. Pump 104 is operable to circulate a second refrigerant, which is preferably
a substantially incompressible liquid such as a mixture of potassium acetate and water,
in the third circuit, simultaneously with the first refrigerant being circulated in the
30 second circuit when system 100 is operating in mode 1 (ice making), as will be
described in greater detail hereinafter. The first refrigerant is evaporated in heat

exchanger 102 and cools the second refrigerant, which is circulated through tank 40 to



at the freezing point of the phase change nedium42 if it is other than
f'resh water. Refrigerant fluid in the heat exchanger 44 condenses and
the pressure within the system 10 10 decreases. Since refrigerant fluid

t hroughout the rest of the system 10 is at a nuch hi gher- pressure and

t enper at ur e, wa/eB0d4 gerant fluid charge is drawn into the REEUSI/17911
exchanger 44 during the hyperm gration node. Table | shows the operating
condi tion of the items |isted during hyperm gration. The
system 10 i s advant ageously operable to accept a cooling |oad that requires
15 the conpr esgl tHedstoffhedid il the storagidRlediuin feedss. AT kOREGHISRErigdRM: Mot
exchanger 28 operating as eyaporator [.n the sang panner as in nopde
2, while sinul?ewguseszng P°'6b§?’§tﬁy’ﬁ@“t‘1‘ﬁ’€ medipmy| A dauith wireyip of sestern 1R0 49 i n
conj uncti on Wi §dfinb® 8l tEACH2PHRD 109 and hedd BEchaider 1182 Pudip meﬁeteeth@&@%m
exchanger 44 operatrn s a condenser in the sane manner as in node 3.
Accordi ngly, aref WMthm k4 é»eatzrxelp?érsertllﬁgwmtemwoze operating in

sust ai ned by, Y | ﬁps I

cool i ng 3 %%d% ssgﬁmh&g}'ﬂ#\h? acf;!l E?Bglé 4 hcf{eg%%xg)e Yhen s{ 1@‘3 l§em'f'%]ll
| oad capacity node The modesi vhopergidnf ofcsystem I:QOaw'glenctw be descobedsinl grdatahéaal
condition of the nedium 42 LS.4 . garri out .wherei.n valyes 78
and 82 are cl o¥e§RREFYYL WB}‘WH leBﬁ)’ _avﬁ‘é‘hob“é‘t‘:rcaéeﬁct%° °pP erag%rcggg‘ff?" 19 fegain
operat ed to puéleméntswif dysteh rliogadusing eacht of the operadig medesel 60 and heat 25

exchanger 22. Conpressor 12 is operated until the conpressor suction

pressure reaches a predetermned valve (e.g., 20 psig). At this tine,
node PO i s concluded and the syst enfTABI®EI abl e i n node 4.

In node 4, valve 80 is closed while valves 78 and 82 are opened and val ve
76 is cl osed. The punp 64 is started to crrculate refrrgerant t hrough

t he heat exchagrees

effect to al@ ssr ng oer the heat Itemchanger?O Thecorrpress )P912 S
etk R 03 o 10 I A T i
“ 1 1 0 0 ' 1 o
2 1 0 1 0 0 0 o |
“ 3 0 0 0 0 1 0 1|
15 4 1 0 1 0 1 0 1
5 0 1 0 0 o) 0 0
6 1 0/1 o 0 0 0 0
|| 7 0 0 0 0 1 0 1
I { 0 0 0 1 0 1
20 The operating modes are designated as Nos. 1 through 8. A "0" in regard to an

operating mode of a particular element indicates that the element is in a closed, off or
de-energized condition and 2 "1" in regard to an operating mode of a particular element
~ indicates that the element is in an open, on or extergized condition, respectively.
As previously described, operating mode 1 typically is a summertime or hot
25 weather mode of operation during off-peak electrical demand periods wherein so-called
ice-making is provided for the storage medium (e.g., deionized water) in plastic spheres

106 to be converted from a liquid to a solid. In operating mode 1, compressor 12 is
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“heat exchanger 28 to cool air passing over heat exchanger 28. Table | also
shows t he operating condition of the various elenents in the full |oad
capacity nodévQi97/1ppes system 10 may, of course, be oper aketusswvirhie ful |

| oad capacity node 4 until all of the ice in the tank 40 is nelted or
the nedium 42, if other than fresh water, hgs. changed 5 its phase from
solid to liquid and the tenperature of the |iquid has begun to rise
sufficiently thsjerdingt hexiapalegrnt 50 is sotrupetatingiepunes 1BCisioperadinff Joldndit valve
cooling to neet_ g he | pad. requigenments. In d heat exchanger 8,
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the heat exchanggidsciresicand 70. The various operating condi tions or
nmodes in which the system 10 nay be operated to provide heat at the

heat exchangers 28 arfdompregied (firstomfrigerane deayesisompretns 12jin st vapen stavecandofttevs s

desi gnat ed . ' i | rl ffaspeak el ectricity
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materi al or nediopden$@. tThexogdinsalfirs: refrigetannfewsahrough byrpuss exbveecorduits 126,
material 42 is esh wat er, . t.heheagtng enent, .56 be qperated.to
nobt the wat or 10,8 bRsEhetinesd 3R 1S a %ol TR 10700 By prchanger d8Fe ey
this opeltat refrigeannidaves hear exchynger102 gbaanially in 4 fupoh Qate a0d FRAR0EE cdfduand

t he conduits connected, therefo will,tend. to mgrate to the heat
exchanger 70. 'I‘gf’pic?‘&"?‘l \7’5"‘3 826°'2f{5’é‘r¥!F?fb"r’fﬁ'd'@gé’,awfﬁém%§°'FBfessP8,128(5rléFnd
82 are closed, sebenhdeffidernt & ciddlatéd by pamp 104 thrioligle esiuls Q12 a4 108 hepwedn 64
is in an off conditi in node 6,

n. The_system 1Q .may he operated :
al so known as that E’Fﬁ?‘é%&e" A@apndhgank 40. n?)'@%?ecvéa regrigsgans Aomghravehsaecandotoihot
operating in nORBOf Réut lekhahft?i 108, WMIChDS in heat dxbhdnpe rgit;cggﬁiph@ﬁh'dag 14ee

6, the conpressor 12, reversing val ve 16, heat exchanger .
15 Heat is transferred from the second refrigerant to the first refrigerant as the first and

-

second refrigerants flow through heat exchanger 102, thereby chilling the second

refrigerant and evaporating the first refrigerant. The chilled second refrigerant flows

through conduit 112 into diffuser header 122 inside tank 40, whereupon the second

refrigerant is discharged in a spray pattern 124 through spaced apart apertures in

20 diffuser header 122. The chilled second refrigerant percolates down through tank 40,

cooling the storage medium within containers 106. System 100 preferably is operated

in mode 1 until the storage medium freezes. The first refrigerant changes phase during
mode 1 operation, but the second refrigerant does not.

Operating mode 2, which is referred to as first-stage direct cooling, is

25 substantially the same as described hereinabove with reference to FIG. 1 and Table L

The first refrigerant is circulated by compressor 12 in the first circuit. Compressor 12

delivers compressed first refrigerant in a vapor state by way of reversing valve 16 and

conduit 24 to heat exchanger 22, which operates as a condenser. Condensed first

refrigerant flows through by-pass valve 32 to heat exchanger 28, which is now operating

30 as an evaporator coil. Valve 78 is now open and value 80 is closed. Thermal expansion

device 34 is now operable to.reduce the pressure of the liquid first refrigerant as it

enters heat exchanger 28. The first refrigerant is evaporated in heat exchanger 28 to



25 and heat exchanger 28 are operated in the manner of a conventional heat
punp. In ot her words, the reversing valve 16 is positioned such that

hi gh pressure refrigerant gas di scharged fromthe conpressor 12 passes
t hrough conduit 36, conduit 37 and gives up heat to the nedi um passi ng
over the heavogge®esger 28, which now operates as a C ONEtEIASRE 794
condense the refrigerant, which then flows as a liquid through check 30

val ve 62 and conduit 26. The thernostatic_ggpansion device 30 reduces the
pressure of the refrigerant as it passes through heat exchanger 22, now
operating as asodVa 1, Qlsupply air streaW¥c? ah 18 space) passing thr

PCT/ USO8/ 17011 o e8h Gipply ai s pace) passing through fegt exchanger
Gaseous refri g%?'am‘e FEROTAHRY @%W%WW%&V@@D@&f&M% and
reversing valv ; ' ; e ' t . condui t
o, oo 0 VAL Ry kSing el R, UL berkiiy RRUDRLAGA: bmp YR ok bt e ArmeBihce o
node 6, referrimgperation gnd yplves 110 nglbi aretdmed;oﬂheésgdvmds b&v'ﬁmsm fifsf
condition a ' -5 56 i3 de.enrerqgized i ] e the punp .64
i s energi ze3§I t %JPIEF{}% far{;% @é:g Wgel?%g?tgfﬁohla‘ﬂgggt \r}ge"g’cmmgt e dV SRR MY er
70 and the heaopegstingan geproXithatelnomsimlizef insroral deoling sipheity. NByperatis® mode 206

designated as [iksiiSta shift heati t he el ectrrical power, requirenent
of system 10 Lllefﬁréblgnﬁoglﬁpﬁafo WATRE ngffi?ﬁ%k FE&“‘L‘?} RYY femagdt begause of the
refrigerant fl elearivil poweheequired 16 éperatzaompressérS120n thehorder of 50%7to 20%
of the power requirenents. of the c ressor 12. In 10 heating node 7,
refrigerant fluid ilo @F%ﬂgf‘?‘?ﬂ%%ﬁggﬁ@&?“&ﬁfﬁﬁw shyify cqqhnm@mptrmor 12 is
conduit 68 1® hdteopéaketearkBpuihp A4 haaxmeseiherze@nu!r@nggmh?ixp{h@’fb hfci%’:uii.h?n

0 NIS

conduit 68 to ,. be in comunication with the inl punp .
position of v athis r@gleppfaeggrartx% the second refrigerant flows between tank 40 and heat

exchanger 118 via conduits 120, 116 and 112. The second refrigerant is chilled by the

storage medium as it percolates down through tank 40 and cools fluid (e.g., indoor
supply air) passing through heat exchanger 118 as the chilled second refrigerant flows
15 through heat exchanger 118. In mode 3, valve 110 is closed to prevent the second
refrigerant from flowing through heat exchanger 102 and value 114 is open to allow the
second refrigerant to flow through heat exchanger 118.
The capacity of system 100 in operating mode 3, usually may be the same as in
operating mode 2. However, an important advantage of operating mode 3 is that the
20 power required for operating pump 104 is on the order of 10-20% of the power
required to operate compressor 12. Therefore, operating mode 3 is advantageous during
periods of peak electrical power demand.
One skilled in the art will recognize that it is not necessary to operate system
100 in the hypermigration (HM) mode described hereinabove with reference to FIG.
25 1 when transitioning between operating modes 2 and 3 because the first and fourth
circuits are isolated from each other and each circuit has its own discrete refrigerant.
Specifically, the first refrigerant, which is a vapor compression fluid and changes phase
in mode 2 operation, is circulated in the first circuit while the second refrigerant, which
is a substantially incompressible liquid and does not change phase in mode 3 operation,
30 1s circulated in the fourth circuit.
In operating mode 4, the first refrigerant is circulated in the first circuit

simultaneously with the second refrigerant being circulated in the fourth circuit.



conduit 48 in comunication with the heat exchanger 44 so that liquid
refrigerant enters the heat exchanger 44 and is evaporated by the
heated material 42. Hot gaseous 15 refrigerant |eaves the heat exchanger 44
and flows through conduit 46 and through the heat exchanger 70, which
now oper at esV@87¥3Rondenser, by way of conduit 72, whePETHYSS/XP | ui d
condenses back to liquid formand Is again-circul ated by the punp 64.
Assum ng 90[err] F of usable heat storage is-the tank 40, the cool storage
to heat - storage ratio of the thermal energy storage unit is about 1.33.
20 A fOpehrimgpmodd 4 hgssamdﬂiyaﬁnﬁlhﬁe@ysp&ﬁﬁolﬂof xﬂodelﬁlatanhlhed’o&icﬁscve full
essentially, des 6. and ane rri out, si,mul,t neo y,as, node 8.
That is, the QDB?FEP&%% I‘T?“fdg é@g afb 37, <lofed “ﬁg #% apd 414 55 Qpspp v
hot gaseous r eA¢ in0Rbdds, cbhwedso&qzti J6pebad roeifdatedie first reﬂageaﬂﬂ HetPecRUHER: 64
IS operating to circul at e refrigerant fl |d through t he tank 40 and to
the heat exchaFERANEF(R2 QPELting fs g%@em ewrhagges F8OpEratinE s eYRpORRLor
condition t r p n
ho hyper m oy abi an Bl e indB6ISSply afy E’hsﬁémﬁé‘é"ﬁﬁzﬁ Pl 20088 T4 Ging
refrigerant i rfimeepumes QIWbtfﬁlthEﬁCPBd \mftl&ﬂhafﬁrfstween taple #Qahd hear axghimg 7

and 8. In m)de r

capability for §| n@f?fancgéf&%@gﬂrgo??ﬁ o&%o%#‘ggé%f%%agﬁniun%f?‘% the
wher eby di r ectsebmsat refggerant aldi ;frbvxldeabo]ng far eheofleida(t.gd indoopanpplyedis) pasing
Referring to | e f an air di t st em
according to t%‘mu&r%eléeahteX&a%ﬁﬁ ?gn ,é'r'felr I'PV gna%l bf/r}?ﬂg ’ﬁ%ﬁgﬁ;ﬁy
100, is depitctmdde until ﬁystarme]:ﬁéﬂnﬁmsenaapsulmﬂan canmfnlegmmthaerthh%ed)lﬁtpm}elo
descri bed her g} nabolv‘f
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sufficiently that heat exchanger 118 is no longer effecting sufficient cooling to meet the

)

toV\fxquxd and the temvg)erature o? gﬁelhqmd storage medium has bggun to rise

load requirements. In mode 4, indoor heat exchangers 28, 118 provide full capacity
cooling for air supplied to an indoor space. Compressor 12 and pump 104 are operated
15 simultaneously, whereby the direct cooling and shift cooling modes are operated in
parallel.
One skilled in the art will recognize that it is not necessary to operate system
100 in the pumpout (PO) mode described hereinabove with reference to FIG. 1, when
transitioning from mode 3 to mode 4 or when starting mode 4 for the same reason that
20 the hypermigration (HM) mode is not necessary, as described hereinabove.
System 100 is also operable to provide for heating supply air for an indoor space.
The vanous operating conditions and modes in which system 100 may be operated to
provide heat at heat exchangers 28, 118 will now be described.
The first heating mode is designated as mode 5 and is essentially the same as
25 mode 5 described hereinabove with respect to FIG. 1. During off-peak electricity
demand periods, heating element 56 is used to heat the second refrigerant in tank 40.
The second refrigerant in tank 40 heats the storage medium encapsulated in containers
106 to a suitable temperature. For example, if the storage medium is deionized water,
heating element 56 may be operated to heat the water to a temperature in the range of
30 180°F to 190°F. Typically, in operating mode 5, valves 78, 80, 110 and 114 are closed,
compréssor 12 is in an off condition and pump 104 is in an off condition. During

mode 5, warm thermal energy storage is effected.



reference to FIG 1, the primary difference being that system 100 i ncl udes

a heat exchanger 102 which is external to storage tank 40, instead of
a heat exchanger 44 (FIG 1) which is inmersed in the storage medi um
"within tank 40, and a punp 104 suitable for punping a substantially

i nconpr essi Waotsisges d refrigerant instead of punp 44, whiclpcTaussgn®uw t abl e
for punping-a vapor conpression refrigerant. Further, in system 100, the
storage nedium (e.g., deionized water) i s_?@gapsul ated in a plurality of
cont ai ners 106, whi ch are preferably plastic spheres each having a

di ameter of appr oxisygb&l 160y be operddiiCiiGRiodd 6 Alsa khO¥n 4 ke direcd haltfheGRode,
reversing val ve 66 and sol en0jd operator 67 of | system 10 are ngt
present in sysithen while st epesating im made |5 eronotoReRsing theveipe 2s d@ qase may beofmiui t
46, an on-off- L S MRHE tHelfkst : i -het-

punp 104 eaIIF%(RtE;‘;e'\?t?4 gl[x}g a giri{%})z, and\{grtl on-%?‘fc-gitt’ pqulg{’é%%lgﬁgo%ﬁ ®d
val ve 114 in drom theouirection] b tedulsion painmod® 2, aved etfecti heto oputhp adperation.
exchanger 118, .which is.jn heat ange rel ati,gnshyp wth,an ingdoor
space to bejsco%?'gareéls*“h%%tr@‘ée.mng valveefiS?r]mf'ne’f:c(l)’n 5"552?’ ¢ ‘hgﬁ‘}%tt efehanger ggs‘lr%m
100 has four dipsfatediia the ffahgrerof atconvendondl heati pumipe aBevdensing viltee 16 Birgsitioned
circuits of systen}llo ag,.](':jsét . di scr%ﬁ ref,ri gerants, one of ,which i% not a
vapor conpr esSPEh thal Fhe st pefrigerant aeed a HnaPa pate %‘oﬁtﬁhegﬁs&ﬁe rom
refrigerant us®fhpressot N12passes Bhrbigh Rohduitst 36;i 37Cald givés Gy hefMolfH fhid (e.g.,
conprised of conpressor, 12, revyersjn val ve 16, heaé.ip xchanger 22 and
heat exchangeringgor BURRlY sair) rF@Fﬁ‘Pigé"%&‘g‘ﬁlf h#at exchagger 28,3V Erw VOPSrales ¥ 2
conpr essi ong &lohHEAREAH coddin! the Yira! RfHgeYant AKBFeBH hiedtinktht lmswgnsihg $hrolgh
first circuit when system 'S operg_tlng in nodes 2 (direct cool), 4

100 d
(full 1oad codiernggrhanger 28 Thn sandensed dirvtriginesrat shanrflpys thoeughhehuck Mefye 62s
will be describgd iyt &8l €Thefhdd éxgans;oxhefeﬁw%t RHuced tﬁ@?li)&Guﬁi SECHie! fint

system 100 is conprised of conpressoOr 12, reversing . valve 16, - heat
exchanger 22 ameftighmat asdk prsses grougly heat @xthanges 28, nopp opesatingas ah|ewapogator. The

circulate the {] reef.r .
slyst gm 100 is %gg%geﬁr%att éleg‘gg‘?‘%k rlr%gfé‘\é?*%?(l %ﬁ%?gg?ﬁi&ﬁﬁﬁhqﬁge%gég%§gg in
greater detti |andeineo rafrpeessor 12 by way of oanidhitrl8. cSysen 100fs typrallsrmopgaed dan

conprised of pu ._he exchan 102 and. tank 40. Punp 104 is
operabl e to ci'F’gE‘T ét%g‘hggs??épc?ﬁ “I°6F T g%gﬁzrﬁd?pe\f\ﬁfi%h is preferably a

substanti al | y i ncoripusisgpdak elettirialiddmant perixsis,ait s advemtegeofis popesidethmungbpt e

and wat er, inthe third.circyit,. sinultaneously wth the fir . -

refrigerant b e?;ﬁéanélglsx%fratlg%xq ﬁxo%iﬁz instead ‘Of nOde B Tn'mdde ;: compressor 12 1s 1n an
off condition and heating element 56 is de-energized, while pump 104 is energized to

20 circulate the second refrigerant between heat exchanger 118 and tank 40. In operating
mode 7, which is designated as first stage shift heating, the electrical power requirement
of system 100 is only that which is required to circulate the second refrigerant with
pump 104, that is on the order of 10-20% of the power requirements of operating
compressor 12. In mode 7, the second refrigerant is circulated in the fourth circuit.

25 Valves 78, 80 and 110 are closed and valve 114 is open. The second refrigerant flows
through conduits 120, 116 and 112 berween heat exchanger 118 and tank 40. The
second refrigerant picks up heat from the heated storage medium and carries the
thermal energy to heat exchanger 118 wherein fluid (e.g., indoor supply air) passing
through heat exchanger 118 is heated. -

30 Operating mode 8 is essentially simultaneous operation of system 100 in mode
6 and mode 7. That is, compressor 12 is operated in the heat pump mode to supply

a hot gaseous first refrigerant to heat exchanger 28 and pump 104 is operated to



30 second circuit when system 100 is operating in node 1 (ice naking), as

w il be described in greater detail hereinafter. The first refrigerant

i s evaporated in heat exchanger 102 and cool s the second refrigerant,
which is circulated through tank 40 to WO 97/ 19304 '
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the storage nmediumuntil the storage nmediumfreezes. The second refrigerant
has a lower freezing point than the st-deage nedium A fourth circuit of
system 100 is defined by tank 40, punp 104 and heat exchanger 118. Punp

104 circul at es cidgelatecthersecond refrigerany betaveen hath/é®and hed o4thanpel 1i8ado provide

exchanger 118 en Syst e 00 _is _operati in des .3 (shift, cooling), 4
(full Igoad coo%lﬁ%fl,%%m(d(snﬁhgte%eé B’ﬁ@t) exgﬁ%ggr H”a K‘S)IP(S?;\‘HO‘FfiVaF?sﬁﬂl?‘fd’ % is" i
The nodes of opeekirgnoaipedyesiysEml 0D i ¢ithen e Rpetraigedtidncst dhe fanfaue mode

det ai | in conjunction with Taple I, which ipdicates the gperatijng
condi tion of ceﬂ””t‘J iR °Per“‘8$ng%f“ &Roevb 4aF Pndn $thegtipachangers

operating nodess, 118 provide full heating capacity of system 100, whereby dire&'cfﬁ%é arld shift 10
'tem heating are operated in parallel.

Referring to FIG. 3, a third embodiment of an air conditioning system according
to the present invention is depicted. System 200 is substantially the same as system
100, described hereinabove with reference to FIG. 2 and Table IJ, except that system

10 200 includes a fifth heat exchanger 202, which is immersed in a thermal energy storage
medium 204 within tank 40. Storage medium 204 is a phase change material (e.g.,
water) having a higher freezing point than the second refrigerant. In system 2.00,
storage material 204 is not encapsulated in containers as in system 100, but is rather
constrained only by the shape of tank 40. System 200 is also operable in eight discrete

15 modes as depicted in Table II. Table II also shows the respective conditions of the
various elements of system 200 in the eight different operating modes. These
conditions are the same as in system 100 so that Table II is applicable to both the
operation of system 100 and the operation of system 200. Heat exchanger 202 is
preferably a coil comprising multiple passes through tank 40. Diffuser header 122 of

20 system 100 is not included in system 200.

In operating mode 1 (ice méking), the second refrigerant cools storage medium
204 as the second refrigerant makes multiple passes through heat exchanger 202. In
operating modes 3 and 4, the second refrigerant is cooled by storage medium 204 as it
makes multiple passes through heat exchanger 202. In operating modes 7 and 8, the

25 second refrigerant is heated by storage medium 204 as the second refrigerant makes
multiple passes through heat exchanger 202.

Referring to FIG. 4, one skilled in the art will recognize that each system 10,
100, 200 is provided with a suitable control device for sensing the load requirements
of the corresponding system 10, 100, 200 in both cooling and heating modes and for

30 automatically controlling operation of the corresponding system 10, 100, 200 to take

advantage of off-peak electricity pricing whereupon the corresponding system 10, 100,
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are designated .as Nos. thro 8. A"Q0"..in,regard to an operating
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or de- ener gi ZedopRBPddvic® 306 Rdeides vhrioustoh@8Pinguts Sud) a6 Al iﬂﬂo&psg cOf 2
n or

particul ar el ement i ndicates that the elepent is in an open, 0
ener gi zed condharmestat 302 9ad 3 sak phermostat 304. Tharmoga\303 iofigatés g deinaud) for

operating ned ' ' r?;ﬁrt'h deno
operation gﬁr ?%%e %?Q;%Jkébgfilé%ﬁ ga . geﬂrragﬁa&ge@%ﬁ%% ﬁﬁ%téiqﬁg‘éegg%%pf %‘é’ow
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operating md?elito%%erlr%%‘é@o@%lﬁ&?égﬂ cfitle] %ggtﬁnkggszfommﬁde“ce $Bo usEk chis
PCT/ US96/ 1791 input to control the various modes of operation of the corresponding-sydtem-10, 100,
200. Control device 300 may also receive other control inputs, such as signals from a
10 local utility.
Although various embodiments of the invention have been described in detail
herein, those skilled in the art will also recognize that various substitutions and

modifications may be made to the above-described embodiments without departing

from the scope and spirit of the invention, as recited in the appended claims.



operating, heating elenment_56 is not operating, punp 104 is operating,
sol enoi d val ve 78 is closed, solenoid valve 80 is open, solenoid val ve
110 i s open and sol enoi d vgl [ Iosed. The first refrigerant is
circul ated by _conpressor 1 mmltmlulmmllm“ rcuit and si ﬁ'l aneously
therewith, th¥OBRY refrigerdnt bis"citcul ated by punp 104 FEAUSHEATY (hirg
circuit. Compressed first refrigerant | eaves conpressor 12 in
a vapor state and fl ows t hrough reverst®&y-valve 16 and conduit 24 to
heat exchanger 22, which operates as a 1c,ondenser. The condensed first
refrigerant flows through by-pass val ve 3Llamsndui ts 26, 50 and
expansi on device 52, and ARLG @ndiiofingGPitkm] OSfpAiingi€at exchanger 102. The
first 10 refrigerant | eaves.hegt1 lexc aggtetrn 102 su%égt antially in a vapor
state and flows via condu tefrigerant @omphessoit; val ve 108, conduit 36 and
reversing valve 16 back to CEETo| v nd.refrigerant is
Ci r(r:]ul at edlgg5 pu:jrpt 10f<1 Z?:r%%g ¢Shdul %%széﬁgn?nfiﬁgi%%ﬁpfimrisso'ﬁeat 4
exchanger and tan seddrd Ieaoexchingef opegahiy nonide o by thest exelgamg
coi l 102b of heat.exchanger 2 ich is in heat. xchange relati oHshi p
with coil 102a. *X6 WELEOMPEHF it Sopd heft spiionie RV iR RO PR drleieihiene
first refriger amithassipply hir si3éanifut an indsercspack; r ef ri gerants fl ow t hrough
cvaporating the first rert HyGPEkFerElEoRE: FREdouREsHE ark FgBrms 1 Fuma
evaporating the first re , r
through condui t edelgd, edtde edfusger header 122 inside tank 40, whereupon the
2part apert TR tn 20 i PRAFSSRASETIOPEb GRS 601 AL OB Per rgiieint
apart apertures in [ : or
per;:o! ates clig\gnhgsahre?&ggi%,gﬁh sgifg,tmkgl cool i ng tPedst orage ma(cjii urln Wi E h: nt ]
cont ai ners . System preferably is operate in pode 1 unti e
storage nedi um freezes. Thiourth hept %@FPS‘@@PWIYGW o ficsanky seidnfgurth heatoge
1 operation, bupydheees BeARdn hel xORmB el RmShiBRFith the supply air stfdfft ati ng nmode
2, which is ref err%ggto g'g ?i I‘Stt-S_t(:ll e i rectlpcolf)l fr?gs}lp?gaé%sf substantially
the sane as described herafefrigonoecinulation dévigecpembly somegied 1o saiditankbsaid third
The first reggi ggartgg{hahgercaingggh%ggh?\é COPRLSSSd 12 in the first circuit.
Conpressor 1 el 1vers conpresse FiT st efrigerant in a vapor state by
way of reversing valve 16 andtrol devionchdiapted ot seltreintly egarivenl geperaion whi sahd
operat es 25 2 CONMENRSL UMMl Kibjacion JELL LOHARLAARIS, AL Wi
operating mode wherein refrigeraint flows through said third heat exchanger and said

g

tank for cooling said storage medium, in a second operating mode wherein refrigerant

20 flows between said first and second heat exchangers for cooling the supply air stream
with said second heat exchanger, and in a third operating mode wherein refrigerant
flows through said tank and said fourth heat exchanger for cooling the supply air
streamn with said fourth heat exchanger.

2. The system of Claim 1 wherein said control device is further adapted to

25 selectively control operation of said compressor and said refrigerant circulation device
to effect refrigerant flow in said first and third operating modes simultaneously.

3. The system of Claim 1 wherein said first heat exchanger is an outdoor
heat exchanger which is operable as a condenser and said second and fourth heat
exchangers are indoor heat exchangers which are operable as evaporators for cooling the

30 indoor space.
4. The system of Chim 1 _including flow. reversing means operably

connected to said compressor for reversing the flow of refrigerant between said first and

" This Sheet Has Been Reilaced




30 as an evaporator coiT-.Vvalve 78Ts now open and value 80 is closed.
Ther mal expansi on dev rable to reduce the pressure of
the liquid first refriger mIE@LlELDMNBMerS heat exchanger 28. The first
refrigerant is evMpor at ed r 28 to WO 97/ 19304
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cool fluid (e.g., a supply air streamfor an i ndoor space) passing through
heat exchanger 28. The evaporated fir22-refrigerant returns to

conpressor 12 via conduits 37, 36 and reversing valve 16. In operating
mode 2, neit hecondumg ékekﬂangm, shdabnugl d:lvwbﬂng %pted to contral Qpkflawi x@{?er&ﬁd

val ves 110 and 114 a ' sed ﬁ?wc%ew a‘dl mF éeventi the first .
refrigerant f?‘ﬁ’ﬁ\sﬁgf gt SRS st and isepd hieat sxchageers "‘§’§‘§tem
100 i jst q(;pdafetaﬁdunguﬁﬁg sairpsmndmpahy?g)ﬂmdh&ﬂi‘ereix? the Supplyy atr sﬁfeginl i#@ooled
capacity. rati no pref er nfin erio

of f - peak ele 3? e Isefﬂj'%ebe“ﬂ g‘He‘E‘?u‘? °’a“‘efg‘l‘§g’F€‘Y"€&IsﬂS'anF and
required tg %@fﬁt}ﬂa&&mn?a@mmita di d rify SREHeR

known as first stg‘ge shi f g ggpos“e Hpmr“elgna%u 12 js 10b&ﬁtol§g)gigg§gt%gégnd
punp 104 ci r citeaverly aiestamdn dested by sud sepond hetgxchangerh circuit. In
this node of operajionTihehR éﬁ‘b?@au&xefﬁxblG&h Athefulnp Ry d
heat exchan e(rESI 118.1:” a?séondw ts 120, g ln% 1@@1’0‘3@1%%%%%‘8 éEme%Q
refrigerant imedHm, sud geptrohdevice @F%)F“éﬁj’é‘dn@defﬁﬁ a@ngqmpeﬂ@m:atm adothrer

t hr ough tank 0 i r h.N
‘through heat cﬁ %g%?éﬂééght emgeﬁmt ﬂmsg%gﬁ ?B%%ra g#\tsz'fi %ﬁﬁh Yl

t hrough heldt exchingagee pravde htaﬁedrmiegfsantvf&r \heatmigothc supplysaid streanp met/le sdidt he
second

fourth heat exchanger.
6. An air conditioning system, comprising:

a.compressor for compressing a first refrigerant; _

a first heat exchanger operably connected to said compressor;

15 a second heat exchanger operably connected to said first heat exchanger
and to said compressor, said second heat exchanger being in heat relationship with a
supply air stream for an indoor space, said compressor being operable to circulate the
first refrigerant between said first heat exchanger and said second heat exchanger,
whereby the supply air stream is cooled;

20 a thermal energy storage unit including a tank having a thermal energy
storage medium disposed therein;

a third heat exchanger operably connected to said tank, said compressor
and said first heat exchanger, said compressor being operable to circulate the first
refrigerant between said first heat exchanger and said third heat exchanger, whereby a

25 second refrigerant in heat exchange relationship with the first refrigerant in said third
heat exchanger is cooled;

a fourth hear exchanger operably connected to said third heat exchanger,
said fourth heat exchanger being in heat relationship with the supply air stream;

a refrigerant circulation device for circulating the second refrigerant

30 between said third heat exchanger and said tank, whereby the storage medium is cooled,

said refrigerant circulation device being further operable to circulate the second
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refrigerant from flow ng through heat éxchanger 102 and val ue 114 is open

to allow the second r gfil eyl t hrough heat exchanger 118.
The capacity of system 103'"}"ﬁm:l“"||m|"rmp/e 3, usually may be the sane as
in oper at | de 2. wer L am | $1portant advantage o erating node
3 is that the 558198%1\6I‘ required for operating punp 104 is %ﬂp’ﬁ#é’l@rlber of
10- 20% of the power required to operate conpressor 12. Therefore,
operating node 3 is advantageous during -23-periods of peak el ectrical
power demand. . One skilled in the art will recognize that it is
not necessary ’ffﬂgﬁﬁ@rb&f"éwé?%‘fléh?d Le“fﬁ angeriafgd sw%evrﬁ# gFﬁteﬁé??nsﬂWhﬂﬁ’éE
descri bed her @hDaRE aiMstrbarh & &of¥@nd 0 FI G 25 1 when transitioning :
bet ween operating nodes 2 and 3 because the first and fourth circuits
are isolated from each aremyolsaviceedapteditpeffeet floys of the fissyreftigerans through a
refrigerant. g HOGEEShERing said BfindrelsSh, shilirdRGA | Gt |

conpr essi on flfllﬂ'slt andhé:rhgﬁéée%sabhaseé s ’isnl nécfg?e% %%g?ag?lllgrtrﬁh?ds?eg!ﬁggfaét ed
in the first ekchanger, whd Ithrouple assscanddcirauitr Gognpriainig, saudhéamipressor, issidafirst heat
substantial ly [ nc I €SSl -1 i Qul d_do chan hase in e 3
operation, 30 e|5“§“"c rr?rcﬁ d:%agédﬂ}lﬁd P%(lgqfl%{t}gﬁ?n' %?dr @g}t»t c.°ng'°pge‘gcea§°m5 ﬂp%i?gf &ing
node 4, the fieffet flosf ofithesmond refrigirarguthadughl ai thirtl virciit eahprising shid third heat
siml taneousl y, yLth 119 522004 SRILEGCEAME LELRPLSL S BIGTh ToblE Lot
PCT/ US96/ 1791 komprising said third heat exchanger, said refrigerant circulation device-and 6aid fourth
Oper ati ng de 4 is, essentjally.sinultaneous operati.on of nobdes 2 gnd.3 to
achi eve fulqp ‘heat qxglmg?faﬁﬁjcﬁyf n beyg Seleritvely opsipRledn 8§y operaupg Hode hsedl and
val ves 78 and thé firserefrigepsin flows through said second circuit and the second refrigerant flows

through said third circuit to cool the storage medium, in a second operating mode

wherein the first refrigerant flows through said first circuit to cool the supply air stream
with said second heat exchanger, in a third operating mode wherein the second

15 refrigerant flows through said fourth circuit to cool the supply air stream with said
fourth heat exchanger, and in a fourth operating mode wherein the first refrigerant
flows through said first circuit and the second refrigerant flows through said fourth
circuit to cool the supply air stream with both said second heat exchanger and said
fourth heat exchanger.

20 7. The system of Claim 6 wherein the first refrigerant is a compressible
phase change fluid and the second refrigerant is a substantially incompressible liquid.

8. The system of Claim 7 wherein the storage medium is water and the
second refrigerant is a liquid having a lower freezing point than the storage medium.

9. The system of Claim 7 wherein the storage medium is deionized water

25 encapsulated in a plurality of containers within said tank.

10.  The system of Claim 6 wherein said third heat exchanger is external to
said tank, said system further including a fifth heat exchanger immersed in said storage
medium within said tank for effecting heat transfer between said second refrigerant and
said storage medium.

30 11.  The system of Claim 6 further including flow reversing means operably
connected to said compressor for reversing the flow of the first refrigerant in said first

circuit to provide heated first refrigerant to said second heat exchanger for heating the
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As in node 2, conpressor 12 is operated to circulate the first refrigerant
bet ween heat exchanger; i@ i a condenser and heat exchanger
28 operating as an evaporé“ﬂllmﬂﬂlmltumnm uid (e.g., indoor supply air)
passing thro ‘ﬂgh heat excharmgerr 28. ™t the sane time, punp 104

circul ates WRY4&Mnd refrigerant between tank 40 and heat PERWESHIgen

118 with the cooling capacity of the storage nediumin tank 40 bei ng used
to chill the second refrigerant and pr2avide cooling for the fluid
(e.qg., indoor supply air) passing t hrough heat exchanger 118. System
100 may be opempplgdaii streave withl $aid sdnd dpatceschanker whedahefird reffi@rai ARee
medi um encaps t ad cont ai.ners 106_.has han ed | ts fromsglid
to liquid and%‘% gferr%feira & B¢ #mfmau %qﬁ ﬁ%fé‘g‘ﬁé@tfﬁ*@

ri se suf f isedoadihbay ekdiﬁﬁgeh fi&tcoalmd‘liha gﬁﬁpl)lﬂ:B sﬂr&nﬂ@xth Qild Sécofidl il@eﬁtécﬁﬁn er
sufficient coal,n l,oad rg&rg}renents In node 4, i ndoor

nme
heat exchanger"%h Eghe ?i% g‘:"‘gﬁf?ﬁteﬂ?ﬁf fhrough, ISt carcyih i) h gPpesite shirectiampl i ed
to an indoos spaceis CoNPhesa@m HCIasle Burtr LM RAGRAUSAe'RSr heating said
si mul t aneousl vy, repy the leei1 gool | g nd shift cooling B
operated in “°“1§5 ugh to provide heated segoad Jpfrigerapt jmsajchfoushy Clmuhtl for écagxgl ze
that it i s NOLhIRBERSA ¥rekd vaﬂefaﬁ!eu&mkﬁr&chmgel%emhé Q&M%@?&;Mﬁ@m”‘)de
descri bed here| na ove W|th reference to transitioning from
mode 3 to noddhwpugh sy doprth &F‘E‘an node 4 for the sarre reason that 20 the
hyperm gration (HMB nmode ¢ Sy e@ﬁgﬁ r £i napove
System 100 is al so ralt))I € to provi e%f%rrrt gé’?‘?‘%ﬁéggg lsf)pa lo;o’m‘m}"ﬁdoor
space. 1¢henwm0|s seidesystemigr dsolntingisaid shird dinait fom smd\/fom-th siyasiem 100

Lo e Y e o 5 BB Rt B T

descri bed. node i's e5| nat e

essentially tme@amdasngﬁmraem pexbedt mdeysmiwumpmmgt respect to
FIG 1. During off- peak electr|C| ; mandagrlods heati,ng el ene Qlt 56
is used to heat the secondnprgﬁ”ﬁ’ﬁe rli‘f”leﬁgla'alﬁeﬁ ‘3’8’ f opera
refrigerant | mnvemhné@edmatdafmahe ﬁrfsorcagat neaiti buafbﬁdldambbkohhﬁgérlbhr@oﬂ{ Rleqter s
106 to a s ch rrﬁaerature For X I f thelrnapo mediumi s

dei oni zed té]‘ ngeTe é‘&f‘f%wéﬁhe?ré‘fﬁ rﬁﬁmb& 8hs e’heat t he wat er
to a tenper ature i n thea thennd eﬁéxgﬁ&orakBﬂ{nﬁﬁﬁclxﬁdg&&QDk&it&ﬂn&g théphaiadnkdgy | N
operating node val yves 78, 80, 110 and 114 are cl osed, conpressor 12
Is in an off érc?ﬁ%ﬁet‘?@h“’ﬁnd punp 104 is in an off condltlon Duri ng node

5, warmthernmal energy $thirddfal sxchbh e tdp@rably interconnected with said tank, said

compressor and said first heat exchanger to define a second circuit;

20 a refrigerant circulation device operably interconnected with said third
heat exchanger and said tank to define a third circuit;

a fourth heat exchangei' operably interconnected with said tank and said
refrigerant circulation device to define a fourth circuit, said fourth heat exchanger being
in heat relationship with the supply air stream; and

25 a control device adapted to selectively control operation of said
compressor to effect flow of a first refrigerant in said first circuit for cooling the supply
air stream with said second heat exchanger, to control said compressor to effect flow
of the first refrigerant in said second circuit and said refrigerant circulation device to
effect flow of a second refrigerant in said third circuit simultaneously with the flow of

30 the first refrigerant in said second circuit, whereby the second refrigerant is cooled by

the first refrigerant and the storage medium is cooled by the second refrigerant, and to

e
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System 100 nmay be operat mlwu IM WJJH!HO known as the direct heating
node, ei t her Whl I e s node 5 or not operating therein,
as the case MW nmode 6, the first refrigerant isPEVEPENEIRd in
the first circuit, but I n an opposite direction fromthe direction of

circulation in node 2, to effect heat punp2speration. 5 Conpressor 12,
reversing val ve 16, heat exchanger 22, and heat exchanger 28 are
operated in th@omheﬁlddkfrsemnwmlamﬁematto @renfate Shevsecanidnafrigating id Gaids

positioned  sakieh il 8Bl e £5p1) 2430 PRSI SS S il SutigRor, ot ate

at high pressure asses hgggers7 and

gives up heat to thd5f| uilte é;etegn of Clmmllmddxafenswnkﬂomral deyicp asadhpted td1EaHED)
heat exchanger erates as ondenser to co dense th
‘ictah%‘amb

first refriger ziﬂ? CO‘PR?FS@BW*I&{)MBEW ¢ SN SE‘HPIB‘HGH nGelate the
exchanger 285 Tie refeipehait &ﬁdani:llffr&tclfceftraheehafgcoﬁ&ﬁﬂﬁ-xiérﬁﬂﬁn Eahﬂ%lgt}x GG for
val ve 62 and ,condui t 6 Ther nal e’x on gg{l ce 30 reduces the
pressure of th&°PlME esupmf@f StregmY With bg sﬁ%@g atexchepgm apd said Eoustinheger
22, now oper at |eﬁg,aa§eran evapor at or . The vaporl zed first refrigerant

| eavi ng heat exchan er passes h reversing valve 16 15 and into
conpressor 12 by wa %Bh&[ﬂ"f“& ﬂé‘fhelmsql%%f?éi@eﬁxﬂ}mwesanesitdcnr

nmode 6 during qff Qﬁﬁkng%l‘ ‘%&HIEH 9@5 rllg PE&IHdeESr and sai secﬁmd Bﬂr fo%gthpﬁglt<

el ectrical demand peri ods, % dvant ageous to provi
operating sy8t exshrogers Weﬁﬁd%oﬂhqahsxcémevfom B evippraocidor ;:ozdmgphesspipiy 12

is in an air stream.

17. The system of Claim 14 further including flow reversing means operably
connected to said compressor for reversing the flow of the first refrigerant in said first
circuit to provide heated first refrigerant to said second heat exchanger for heating the

15 supply air stream with said second heat exchanger when the first refrigerant flows
through said first circuit in one direction and to provide cooled first refrigerant to said
second heat exchanger for cooling the supply air stream with said second heat exchanger
when the first refrigerant flows through said first circuit in an opposite direction.

18. The system of Claim 14 further including a heating device for heating

20 said storage medium to provide heated second refrigerant in said fourth circuit for
heating the supply air stream with said fourth heat exchanger when the second
refrigerant flows through said fourth circuit.

19.  The system of Claim 14 further including at least one isolation valve
intefposed in said system for isolating said third circuit from said fourth circuit.

25 20.  The system of Claim 14 wherein the first refrigerant is a compressible
phase change fluid and the second refrigerant is substantially incompressible liquid.

21, The system of Claim 20 wherein the storage medium is water and the
second refrigerant is a liquid having a lower freezing point than the storage medium.

22. . The system of Claim 20 wherein the storage medium is deionized water

30 encapsulated in a plurality of containers within said tank.
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of f condition and heat i ng—el-enent—56-+s—de-energi zed, while punp 104 is

energized to circulate the second refrigerant betvveen heat exchanger 118

and tank 40. In oper at i ng“llm“milmmlum h is designated as first stage
shift heating, the el ectrl enment of system 100 is only
t hat which WO red to ci rcul ate the second refri ger antPCRIUSH6/17911 punp
104, that is on the order of 10-20% of the power requirenents of operating
conpressor 12. In node 7, the second refragerant is circulated in the
fourth circuit. 25 Valves 78, 80 and 110 are cl osed and val ve 114 is open.

The second refri gerant Ahﬁﬂﬁ)d of og&rbﬁﬁyﬁb aﬁQBﬁtﬂh&rﬁné—%@terﬂ-&ﬁCﬁﬂﬁi 1412 rhRkdeen
heat exchanger 118 and ta seco#eo{;zlﬂl gerant picks up heat

fromthe heat®d cepgmpgen ﬁ? Bﬂﬁ“(,‘l&'l"ﬂngﬁ"? PR¥E ?m%'?ﬁatsﬁ? mesherb ot
exchanger 118c Shgthlels wtpgiofe g., indoor supply air) passing t hr ough
heat exchanger 118 |s hea tg ) rati r;% rmde 8 is essentially
si mul taneous operati on CH’F“I%‘V’&t ﬁﬁ?&ﬁf‘i‘%% ou sgerpdpivgeit 7nd dheasecond
conpressor g2, pEaT=Y: i eous
first refr |%era e&ﬂ@ﬂﬁ&@@ %‘Elct gﬁger 2%\915'1 d %ﬁ%oﬁgﬁwﬁgf%?ee%@gg 43P
WO 97/ 19304 the storage medium; an:

PCT/ US96/ 17911

circul ate the second réf rrc?laté? l% %e?%eléenn il th?"éhdaﬁe%’fl "gx%’ cgﬁgde"rmﬁlﬁ to
provi de hpericeldofs peabinpbwerfdemped aatcopb thaealppbx ginatrgen with saidsfopreh\hieaus| y
described, it _igs not necessary to operate system 100 in either the
hyperm grat i oﬁmi?ng( fe punpout node prior to operating system 100 in
either nodes 6, 7 2% 8.THenmeddd & opmaingeulekﬂmgmdinorﬁng8ystéxﬁ&spwidrdeid ul |

heating CapaCHaYm %g, Ex}/tigre irzrxlcl%zgmg operatmg %alglch%%}ess%?%g e gulgtrédthes rgiirsfttrefrigerant

through the first circuit while continuing to circulate the second refrigerant through the

fourth circuit to cool the supply air stream with said second and fourth heat exchangers
simultaneously.

15 25. A method of operating the air conditioning system of Claim 14 to
provide heating, comprising heating the storage medium and circulating the second
refrigerant through said fourth circuit to heat the supply air stream with said fourth
heat exchanger.

26.  The method of operating the air conditioning system as set forth in

20 Claim 25, further including circulating the first refrigerant through said first circuit to
condense the first refrigerant in the second heat exchanger and evaporate the first
refrigerant in said first heat exchanger to heat the supply air stream with said second
heat exchanger.

27.  The method of operating the air conditioning system as set forth in

25 Claim 26, including simultaneously circulating the first refrigerant in said first circuit
and the second refrigerant in said fourth circuit to heat the supply air stream with said

second and fourth heat exchangers.

This Sheet Has Been Reﬂlaced




heating are operated in parallel. Referring to FIG 3, a third
enbodi nent of an air conditioning system accordi ng to the present
invention is depicted. System 200 is substantially the same as system
100, described herei nabove with reference to FIG 2 and Tal}lgﬁnisésl 7ﬁﬁgept
that system™M®°%9%4 ncl udes a fifth heat exchanger 202, whi Yerer sed
in a thermal energy storage medi um 204 within tank 40. Storage nedi um
204 is a phase change material (e.g., 'ﬂ er) having a higher freezing
poi nt than the second refrigerant. In syst 200, storage material 204
is not encapsulated in containers as in system 100, but is rather
constrained only by the shape of tank 40. System 200 is al so operable in

ei ght discrete 15 nodes as depj le Il also shows the
respective condition Al ilmk-bl'n"eaﬁ system 200 in the
eight different opeygti desily IT slqz"'|c di tli qps are the sane as in
system 100 so that T bl & 1]l i s Hbt t th tihe oper ation of
system 100 and the o eratilon¢ f; F PQQfFeRpt |exdhanger 202 is
preferably a coil conpri si'nggmidt phe sest—tr dqu tank 4&. Diffuser
header 122 of 20 _system 1d0 is 1&:* tirst dqqentsystidr200. © I n
operating node 1| (ke maki|ng), q—slecphd - ~gdr dnt; co a (gedi um
204 as the second reffigerant Hi @% if i le ﬁ S hgough h anger
202. In operagj n models l S d_rlefii gar @ht | d by
storage nedium 20® as{ it | ' ' hrdugh hegt eXthanger
202. In operating nodes 7 a 8, tke 25|Second refrf 6 |heqt ed by
storage nedi um 204 as| t he secjond r 3f r}(ggerantcxnak% ot plfe passes
t hrough heat exchangey 202. Ref er Mi ng to Fcb'\é ; e gkilled in
the art will recognize thato éach system 10, 100, ¥00 is previlded with a
suitabl e control devifke fo™ sknsi ng the | oad requirenents t he
correspondi ng syste , 100, 200 in both cooling and heating podes and for
30 automatically ntrjol I i ng operation.of the correspondi ng systlem 10,
100, 200 to take adqvant age of "of f i peak el ectricigy pricing wher@pon
t he corresp@hdi ng systgm 10, 100, t;l 'T] R
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is operated in a selected node which is appropriate for peak or off-peak
ener gy pricing, as well as for the heating or cooling J,(gﬁg 6179

r equi r ement VO 97/19304 Control device 300 receives various COSErol

I nputs, such as froman i ndoor space t hernostat 302 and a tank

t her mostat 304. Thernmostat 302 indi cate€/d demand for 5 space cooling or
space heating when the space tenperature rises above or falls bel ow a
predeterm ned tenperature setpoint. Tank thernostat 304 senses the

t enper at ure of the storage nediumin the thermal energy storage tank
and control device 300 uses this inp&t tg contrel the various nodes of
operation of the corresponding Sy%ergloo 10 ©@00. Control device 300
may al so receive other control inppgss sfich s signals froma 10 | ocal
utility. Al t hough V| (ST bRNt he i nvention have been
described in detail herein Ki | [ He art will also

recogni ze that various substit d nodi filgaf ons may be nmade to
t he above-descri bed enbodi nent B t glepargi ngdN| ©f rom t he scope and
spirit of the invention, as refl ' l‘i1e @%én ANt ai mg :
- 21 - N -
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Cl ai ns 6.

refrigerant,

bei ng a conpressi bl e phase change fluid; 5

the first

An air conditioning system conprising:
a conpressor for conpressing a first

refrigerant
a first heat

exchanger operably connected to said conpressor; second
heat exchand@?’UHéthly connected to said first heat ei?ﬂgﬁﬁgrwihd to
sai d conpressor, said second heat exchdder being in heat exchange
relationship with a supply air streamfor an indoor space, said

conpressor being operable to circulate the first refrigerant between said
first 10 heat exchanger and said second heat exchanger, whereby the supply
air streamis cool ed; ‘N @ thermal energy storage unit

i ncluding a tank having a t her enéﬂgygptorage medi um di sposed

t herei n; athird é%t'exch nger operably connected to
said tank, said 15 conpressor|[gmd Q‘iq\”ﬁrisfhejl\exchanger, sai d
conpressor being operable to N 'rﬂupdié thefilrgf refrigerant between
said first heat exchanger and |gpjeth j h? t @kchanger, whereby a
second refrigerant in heat exciipge fep at unihiag with the first
refrigerant in said third heatN S d,N the &cond <
refrigerant being a substanti dl|jiyiincoitpylsstble |ilfuid; )2 o

a fourth heat exchanger operably] et tb dbid ‘

exchanger, said fourth heat exg éq o @g} n 14at {Pnship
with the supply air stream i’ |, l a Ak i on
device for circulating the secdhts—~+EFrkeaerxsa d heat
exchanger and sai d tank, whereby the/ZﬁTIEtongga d, said
refrigerant circul ation device Rgi ng fUr{ e, & L—ope . il at e t he
second refrigerant between sai® [ hi B heat £xXeh er S dl fourth
heat exchanger, eby the supply air_streamTs d; ¥ A

er
a control deviggmgdq
' o~

pted to effect flow of the firsgurefrige
o

y
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through a first circuit conprising said conpressor, said first heat
exchanger 30 and said second heat exchanger, and through a second circuit
conprising said conpressor, said first heat exchanger and said third
heat exchanqﬁaglﬁ§+d fl ow

-22 - ? devi ce being operable to effect flow oPCTHEEZUSNd
refrigerant through a third circuit conprising said third heat
exchanger, said refrigerant ci rculdati on devi ce and said tank, and
through a fourth circuit conprising said third heat exchanger, said
refrigerant circul ation device and said fourth heat 5 exchanger, said
system being selectively operable in a first operating node  wherein the
first refrigerant flows through said second circuit and the second
refrigerant flows through said third circuit to cool the storage nmedium in
a second operating node wherein the first refrigerant flows through said
first circuit to cool tRggupply air streamw th said second heat
exchanger, in a 10 third .peratlng node wherein the second refrigerant
flows through said uit to cool the supply air streamwth

said fourth heat =xchang9 and in a fourth operating node wherein the
first refrigerant floﬂﬁahhgﬁggh
refrigerant flows fthr

said first circuit and the second
streamw th both staie -: d—heatd exchanger and said 15 fourth heat

fourth circuit to cool the supply air

exchanger . The systemof Claimé6 e 'q%bﬁe st orage
medi um i s water and the second refrigerant |sf) | Cﬁhﬁ aving a | ower
freezing point than the 300
S
CONTROL > A/C
DEVICE SYSTEM
304
S
TANK
THERMOSTAT

FIG:, 4



st orage nedi um
st orage nedi um

containers withinls
wherein said third
further includingja

I S

er encapsul a

5 QN

hanger I mer s

EPLACEMERT SHEETh 3. system of mﬂ 5\3112§(ty7e91 1
I S égt er nllhet ﬁwi ;'kcs aégl\g 199; em

I um

within said tank fEr ef fecti ng heat transter- bet
refrigerant and the—sterage—medium 25 T@ﬂm umlal m 6
further including flow reversi ng neans ﬁ@ﬁéer abI y o}

conmpressor for

first circuit to prov%de h%qltg
exchanger for heating the supply

reversing the flow of the first rrefrigerant in said
f erant to.said second heat
Fc&x&?&m n% {ars Vr\rlll’ tcgmgrlsa‘lgsecon d

heat

exchanger when the first aefom fsaﬁtfofr|db‘t@rt:§3hfgulff1rssaéﬂdngetahsttlfel fig¢ei t in

30 one directio

exchanger

the first refrs“l ger ant flowsﬁtr%rou

direction. 12. a secbhé lﬁytsdxeharfgé Gbalamyﬁcdnﬂet;da&rto |Sﬂld| fudt heata .
heating device for FB‘E ati ng the storage nmediumto OVI heat ed second
refrigerant in s@xchangsr £ pal |CPE!PF"ESSW@|531 S889 ftahéx PEn ‘%ﬂlﬁ s peadam '

with said fourth
t hrough said fourt

n _and to, provi coo bl rsoi1 refr gerant to said second
heat exchangéqfng@'an%b@psﬁgcommem@pp asgi

hegt renegr P?e‘a?lycﬁ%“é‘ﬁ?t A <5 Sompreeps

cPithge rela SRR With MEBph) G SESRATI LY LARLA Ipald G4

emo

D

further includi ngoprebsdbeingperablel tatdirelate the first refrigerant between said ﬁrst

10

15

20

25

30

heat exchanger and said second heat exchanger, whereby the supply air
stream is cooled;

a thermal energy storage unit including a tank having a
thermal energy storage medium disposed therein;

a third heat exchanger operably connected to said tank, said
compressor and said first heat exchanger, said compressor being operable to
circulate the first refrigerant lbetween said first heat exchanger and said third
heat exchanger, whereby a second refrigerant in heat exchange relationship
with the first refrigerant in said third heat exchanger is cooled, the second
refrigerant being a substantially incompressible liquid;

a fourth heat exchanger operably connected to said third heat
éxchanger, said fourth heat exchanger being in heat exchange relationship
with the supply air stream; _

a refrigerant circulation device for circulating the second
refrigerant between said third heat exchanger and said tank, whereby the
storage medium is cooled, said refrigerant circulation device being further
operable to circulate the second refrigerant between said third heat exchanger
and said fourth heat exchanger, whereby the supply air stream is cooled; and

a control device adapted to effect flow of the first refrigerant
through a first circuit comprising said compressor, said first heat exchanger
and said second heat exchanger, and through a second circuit comprising said

compressor, said first heat exchanger and said third heat exchanger, said flow
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exchanger being in heal exchange relatiopship with a supply air stream for
an indoor space; 15 ' a_thef med2 ‘energy storage unit including
a tank containing a t.her mal —energy storage nedi um a

third heat exchar@@robgeyisnbsing aperakle i ekiece Bow efrthe seagnd aefrigerant thysiugh
conpressor and saj | a ) g te-detine a;second circuit:

‘a ?gf ri gerant ci ?icf}lhyt({ %&rcggv%%lgg g%ggaﬁ% t?hrtq e?‘g%n ﬁ’écé’[agﬁe.rw S?ﬁd iﬁglgg’éﬁ"&
third heat exchangenlatind devicelandisiid tankdaid theoaght hidudtlctifditi domprising said

a fourth heat exchanger operably .interconnected with said tank and said
refrigerant ci rCLfB‘arHig‘E?ﬁt H@gw&’ér’ sgid fetrigeeans ousularinndevicaiand sadi fourtbuhaan

heat exchanger gbei | | ' i thethe suppl y_ai,r
Ctream and a5 SXoHalghe ViR ofSLENEHE LA SRl S At SRR Pyt
control operati orwhdreinahe first refrigaraneflsws tlltmugi fad Eecﬁhdb)dr@i‘itl and _tKeS§etcond
refrigerant in saigd.first.cirguit for, cppoling , t supply air stream
Wi th gai d second ffi éﬁe”é%cﬂﬂi’ﬁsg r?“g}bs%ér?gFéIC‘@wtdo COO?é}émﬁPé%GGnedlbmeM ect

wth said sec . o ¢ g
errigerant i 1ol oy e i Dl EhPePaR o ihtigkd: M0 ool i S,
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ect flowo secon Ia

said 30 third cidruitttoséonlithasemplg layr ssrdam Wi faidbvecohd tHas édchahger, ina
refrigerant iqsai}?d second circuit, t_/‘\herebyt e secopd refrigerant is
cool ed by t he1Pi (t2ird operaiing jmode, rheren the, secong, erandi Hlows sheayghespidy t he

second refrigerarfbyrRR¥tcuit to cool the supply air stream with said fourth heat exchanger,
and in a fourth operating mode wherein the first refrigerant flows through
said first circuit and the second refrigerant flows through said fourth circuit
to cool the supply air stream with both said second heat exchanger and said

15 fourth heat exchanger. |

8. The system of Claim 6 wherein the storage medium is water
and the second refrigerant is a liquid having a lower freezing poiht_: than the
storage medium.

9. The system of Claim 6 wherein the storage medium is

20 deionized water encapsulated in a plurality of containers within said tank.

10. The system of Claim 6 wherein said third heat exchanger is -
external to said tank, said system further including a fifth heat exchanger
immersed in the storage medium within said tank for effecting heat transfer
between the second refrigerant and the storage medium.

25 11.  The systém of Claim 6 further including flow reversing means
operably connected to said compressor for reversing the flow of the first
refrigerant in said first circuit to provide heated first refrigerant to said

“second heat exchanger for heating the supply air stream with said second
heat exchanger when the first refrigerant flows through said first circuit in

30 one direction and to provide cooled first refrigerant to said second heat

exchanger for cooling the supply air stream with said second heat exchanger
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second heat exchaftféH°8nd said fourth heat exchanger. 10 tlg -kll-het
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heat exchangers dhestingdberstérags nmdwmrlgepmfidtehai%cbs&&n? refregé?@%ra_t gui§1f4 or
cooling the supply air stre . ! - e system 0 ai m

furt hegrJ i ncl ud?ﬁ PF%\NCF&}'@?QFHI@“&‘% ﬁli‘éa%’sppébéframr‘;ﬂ%wﬁboiaéh fourth ded
conpressor for rey4ghiiglt wif the QWA defiferant ffdv&ssﬂ'%r&?éﬁ 3P TS 'cgrgsxg.' d
first circuit to provide heated first retrigerant 0 3a econd heat
exchanger for heating 1he sThpéypteai of Clairmanfurdhehinchidthgsaclend one isd1fidn
exchanger when the,first refri er.ant f|0\[?5 t hy ough sﬁfu d first circuit in
one direction and¥¥ HH6tRO SMECFYFIEMS £OF BPItIGErsa thl_ st Ssemnspidheat
20 exchanger forfogaaldiRgit he supply air streamw th said second heat
exchanger when the first refrigerant flows throqqh said first circuit
in an opposit 40 di ridct i ohn air conditioning kfistem, ddrapssiagem of O ai m 14
further including a heating device for . eati nglh; he storage nediumto
provi de heated second ref'riagéPH’rﬂr:sEr’sélféFS‘Z AL (FKE %Fjéﬁ@& ta;ﬁ@fﬂ%ahegﬁg t he
supply air strea ' | : Esd r. Nt

re]l‘OIrOi éer ant fl om@xﬂ%gﬁrgﬁéegaﬂ%%%uﬂ ﬁgééf‘% E:%ldt 9?{9& cirtlifs ?Lag gec%ﬁlgceﬁ%satyst em
of C aim 14 furt teschanget belngdn diat exahangenelatisnildpiwich a supply air stream for

an indoor space;
15 a thermal energy storage unit including a tank containing a
thermal energy storage medium; |

a third heat exchanger operably interconnected with said tank,
said compressor and said first heat exchanger to define a second circuit; |

a refrigerant circulation device operably interconnected with

20 said third heat exchanger and said tank to define a third circuit;

a fourth heat exchanger operably interconnected with said tank
and said refrigerant circulation device to define a fourth circuit, said fourth
heat exchanger being in heat exchange relationship with the supply air
stream; and

25 3 a control device adapted to selectively control operation of said
compressor to effect flow of a first refrigerant in said first circuit for cooling
the supply air stream with said second heat exchanger, to control said
compressor to effect flow of the first refrigerant in said second circuit and
said refrigerant circulation device to effect flow of a second refrigerant in said

30 third circuit simultaneously with the flow of the first refrigerant in said
second circuit, whereby the second refrigerant is cooled by the first

refrigerant and the storage medium is cooled by the second refrigerant, and
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system as set  tofgentgok saidy gpmpressors ap IBaKAnh oclespdation Wgvise @
conpressor to cifr, r t Gl reuit
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10 16.  The system of Claim 14 wherein said first heat exchanger is

—

IJ

i ng

an outdoor heat exchanger which is operable as a condenser and said second
and fourth heat exchangers are indoor heat exchangers operable as
evaporators for cooling the supply air stream.
17.  The system of Claim 14 further including flow reversing
15 means operably connected to said compressor for reversing the flow of the
first refrigerant in said first circuit to provide heated first refrigerant to said
-second heat exché.nger for heating the supply air stream with said second
heat exchanger when the first refrigerant flows through said first circuit in
one direction and to provide cooled first refrigerant to said second heat
20 exchanger for cooling the supply air stream with said second heat exchanger
when the first refrigerant flows through said first circuit in an opposite
direction. .
18.  The system of Claim 14 further including a heating device for
heating the storage medium to provide heated second refrigerant in said
25 fourth circuit for heating the supply air stream with said fourth heat
exchanger when the second refrigerant flows through said fourth circuit.
19. - The system of Claim 14 further including at least one isolation
valve interposed in said system for isolating said third circuit from said
fourth circuit. _ | |
30 21, The system of Claim 14 wherein the storage medium is water
and the second refrigerant is a hqmd having a lower freezing point than the

storage medium.
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C aim 25, further incl ydi hesfirst refrigerant through

said first circuit to ¢ondense the first] refsri gerant  in said second Eeat
exchanger and evapor at gy-theThEI TS | GRIAM4 | [ d.first heat ,exchanger
'to 25 heat the supply air stre?meﬁloﬁ gal[lﬁ fsegf)hrfgghe%}ie gé)%&%ﬂ@é?‘.um s

27. The net hod deiorupest wriengntdpsulated inonpluralivgi ofgoaysh@swichis 8hid tankf or t h

in Claim26, includin I muj taneoysly circulating the first refrigerant
in said first ci rcuitg%?fmd t @?E&%Hb@%ﬂlpgéﬁ%mf @ﬁgwwgam%otﬁi lamt to

) - — f QUF .
heat the suppl4y tiredgde’ ﬂﬁ%dgsg{ﬂ&ﬁghaﬁs feqnd S@%rt %%é] ﬁlé'é??&se 8K ﬁ;@ﬁ{‘ gers

30 28. The system of erein eat “exchanger is
external to saPd poardr.demand, siid method comprising the steps of: -26 -

29. = The systemof Caim 14 erei,n said.third heat, exchanger .is. :
ext er nal toysai d tank. arcmt‘ngélfff?“t ﬁqﬁ’ég%%ttg‘fﬂ“gbﬁ“élsﬁ?%‘{ggﬁmmf%te;_
i ncl udi fift ' ed o0 : | in
including a fifthRkhbe@tond ref@é%@@%’h% mﬁﬁl‘?&icﬂr&lie éﬁ%ﬁ%ﬁﬁeﬁﬂbff%ﬁ

said tank for effecting 5 heat transfer between t I ge t and
t he storage nedi (pawer demand to cogl the starngaimediamgiand oni ng system conpri si ng:

circulating the second refrigerant through said fourth circuit
10 during a period of peak power demand to cool the supply air stream with
said fourth heat exchanger. |
_ 24.  The method of operating the air conditioning system as set
forth in Claim 23, further including operating said compressor to circulate
the first refrigerant through the first circuit while continuing to circulate the
15 second refrigerant through the fourth circuit to cool the supply air stream
with said second and fourth heat éxchangers simultaneously.
25, A method of operating the air conditioning system of Claim
14 to provide heating, comprising heating the storage medium and circulating
the second refrigerant through said fourth circuit to heat the supply air
20 stream with said fourth heat exchanger.

- 26.  The method of operating the air conditioning system as set
forth in Claim 25, further including circulating the first refrigerant through
said first circuit to condense the first refrigerant in said second heat
exchanger and evaporate the first refrigerant in said first heat exchanger to

25  heat the supply air stream with said second heat exchanger. .
27.  The method of operating the air conditioning system as set
forth in Claim 26, including simultaneously circulating the first refrigerant
in said first circuit and the second refrigerant in said fourth circuit to heat
the supply air stream with said second and fourth heat exchangers.
30 28. The systerﬁ of Claim 6 Wherein said third heat exchanger is
external to said tank. |
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circulation devi ggefAEER BN tadkt er connect ed with said third heat
exchanger and said tank to define a third circuit;

fourth heat exchanger 38per a’theysymtarof)r@ennelﬁ vﬁurtlhesandudmgka fn&halhdatsal d

refrigerant circulation devi ce ne a fourth.gir ourth 20
heat exchanger bgl%HSFlr framersed d éﬂ%étorr%g % ﬁV\? d tﬁﬁﬁgﬂbﬁgf?t’éﬁgr
stream and 5 heat transfer betweerﬁtlﬁ%&drﬁi réiﬁé’ér&& ﬁﬂfiﬂfees‘éoxtag e BiRURGH) vely

control operation of said conpressor to effect flow of a first
refrigerant in said f Blst in gicondigiongngosyistag comptlhlagsuppl y air stream’
wi th said second heat exchanger, to control sal d %‘ gg) essor heffect
flow of the first refriger AntoPRIEI % Sl feat; P aflggn %%‘ﬁ"&l
refrigerant ci rcumhh%m oéel\abryem&&ceﬁri&féd tfo| &éﬁn@fa ﬁrsseﬁaﬂé saﬁf dekOfd 8BJc 1 0
sai d third circui swrutaneously W th fl ow of first

refrigerant in sekchanger beiagingh catreadnamgeMemmxp Metl'seeumdyraa‘fstragmﬁart is
cool ed by the I ISt - ndoo regerl gerant and the storage mediumis cooled by the
second refri geraﬁ{l %ﬁuf B3t 0 control said refri gerant circul ati on device

to circulate the second 3 theghsl aef@n&okargeaﬁndu{dum&@ aGhAk ebhralflhg @00l | NG
the supply air streamwth said ourth heat exchanger
thermal energy storage medium;
a third heat exchanger external to said tank and operably
interconnected with said tank, said compressor and said first heat exchanger
15 to define a second circuit;
a refrigerant circulation device operably interconnected with
said third heat exchanger and said tank to define a third circuit;
 a fourth heat exchanger operably interconnected with said tank
and said refrigerant circulation device to define a fourth circuit, said fourth
20 heat exchanger being in heat exchange relationship with the supply air
stream; and
a control device adapted to selectively control operation of said
compressor to effect flow of a first refrigerant in said first circuit for cooling
the supply air stream with said second heat exchanger, to control said
25 compressor to effect flow of the first refrigerant in said second circuit and
said refrigerant circulation device to effect flow of a second refrigerant in said
third circuit simultaneously with the flow of the first refrigerant in said
second circuit, whereby the second refrigerant is cooled by the first
refrigerant and the storage medium is cooled by the second refrigerant, and
30 to control said refrigerant circulation device to circulate the second
 refrigerant in said fourth circuit for cooling the supply air stream with said

fourth heat exchanger.
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second heat exCchgiigeécond hewd\@thhiiRr fand Shid fehsth qteitaéxbhédgerﬂ/s t hrough said
first circuit in one direction and 15 to provi de cool €d first refrigerant

to said second heat ed%handbe system ebGlaimgl whereingaid fizpt heat exchangeraimani t h

sai d second heat refri rant fl.ows t

said first ci rcuP@éﬁaﬂqggt %%ﬁ%gq @%PH%%?’?‘T‘B‘FP as'a"Condeliser anq,,galg g a%"\ast em
of Claim 31 furt fskthiHeal éxdhdiges aheaﬂbaghsaeuxaﬂngm operablbqatcbalgthmﬁ plyor age
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refrigerant in said first circuit to provide heated refrigerant to said second heat
exchanger for heating the supply air stream with said second heat exchangér
when the first refrigerant flows through said first circuit in one direction and .
15 to provide cooled first refrigerant to said second heat exchanger for cooling
the supply air stream with said second heat exchanger when the first
refrigérant flows through said first circuit in én opposite direction.

35.  The system of Claim 31 further including a heating device for
heating the storage medium to provide heated second refrigerant in said fourth

20 circuit for heating the supply air stream with said fourth heat exchanger when
the second refrigerant flows through said fourth circuit.

36.  The system of Claim 31 further including at least one isolation
valve interposed in said system for isolaﬁng said third circuit from said fourth
circuit. |

25 37, The system of Claim 31 wherein the storage medium is water
and the second refrigerant is a liquid having a lower freezing point than the
storage medium. '

38. The system of Claim 31 wherein the storage medium is
deionized water encapsulated in a plurality of containers within said tank.

30 39.  The system of Claim 31 further including a fifth heat exchanger
. located within said tank for effecting heat transfer between -the second

refrigerant and the storage medium.
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(57) Abstract

A vapor compression air condmonmg system (100, 200) that reduces power consumption during peak demand periods is characterized
by four refrigerant circuits. A first circuit includes a compressor (12), a first heat exchanger (22) and a second heat exchanger (28). A
second circuit comprises the compressor (12), the first heat exchanger (22} and a third heat exchanger (102). A third circuit comprises the
third heat exchanger (102), a refrigerant pump (104) and a thermal energy storage unit. A fourth circuit includes the thermal energy storage
unit, the refrigerant pump (104) and a fourth heat exchanger (118). The first heat exchanger (22) is an outdoor heat exchanger. The second
and fourth heat exchangers (28, 118) are indoor heat exchangers in heat transfer retationship with the fluid to be cooled or heaed. A first
refrigerant is circulated in the first and second circuits by the compressor (12). A second refrigerant is circulated in the third and fourth
circuits. The system (100, 200) is operable in plural cooling and hcatmg modes.




