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reactant, suitable components must be provided to reject heat.
Systems in which the gaseous reactant is alternately adsorbed
on and desorbed from the adsorbent provide two sources of heat
which must be rejected during continuous operation: heat of
condensation of the refrigerant, and heat of adsorption at the
adsorbing reactor. Preferably, means for rejecting heat to
the atmosphere with no or minimal electrical power consumption
are provided. For example, heat of condensation can usually
be rejected in an air-cooled condenser, using natural or
forced convection over the condenser coil.
In the sorption solid-vapor reaction system using single
or multiple sorbers to alternately adsorb and desorb
refrigerant, conflicting heat transfer requirements must be
considered and satisfied. In the desorption phase, it is
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adsorbing reactor heat transfer surfaces is vaporlzed thereby
assisting in cooling the reactor and rejecting heat therefrom.
The present invention is directed to improved systems and
methods of using such means for rejecting heat from an
adsorbing reactor in solid-vapor sorption systems as described
above. The present invention is directed to solid-vapor
sorption systems providing heat transfer to heat rejection
components separate from the sorber. The systems include
apparatus in which the system refrigerant is used as the heat
transfer fluid for cooling an adsorbing reactor. The systems
of the invention include activation of a heat rejection loop
for cooling an adsorbing reactor using displacement of the
heat transfer fluid without requiring thermostat or solenoid
valve control of the cooling loop. Apparatus is also disclosed
for transferring heat from a single heat source to either of
two reactors to provide continuous refrigeration or cooling.
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circuits for condensing heat transfer fluid and the system
reffigerant;

Fig. 8 illustrates a sorption system having pressure
activated thermosyphon and using a single reflux type
condenser for transfer of sorption energy;

Fig. 9 shows a sorption system with a pressure activated
thermosyphon incorporating separate condenser circuits for
each reactor;

Fig. 10 shows a sorption system with a pressure activated
thermosyphon incorporating separate heat transfer fluid and
refrigerant condenser circuits;

Fig. 11 shows a two-stage constant pressure engine
staging system with a pressure activated thermosyphon on both
stages;

Fig. 12 shows a two-stage constant pressure engine
staging system with first stage thermosyphon activated by

second stage refrigerant pressure;
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for complex compound sorber systems of the aforesaid type for
adsorbing polar refrigerants such as ammonia, water, methanol,
alkanolamines, alkylamines, sulfur dioxide and phosphine on
solid metal salts. Such complex compound reactor systems are
especially useful in the design of small, compact devices
operating at high power densities as described in U.S.
application serial no. 07/931,036, filed August 14, 1992 and
07/975,973 filed November 13, 1992, and specifically using the
complex compounds having increased reaction rates formed by
restricting the volumetric expansion thereof during adsorption
of the polar refrigerant on the metal salt as disclosed
therein. Accordingly, the systems and methods of the present
invention preferably incorporate and use reactors containing
a complex compound of one of the aforesaid polar refrigerants,
and particularly preferred ammonia, adsorbed on a metal salt
comprising a halide, nitrate, nitrite, oxalate, sulfate, or
sulfite of an alkali metal, alkaline earth metal, transition
metal, zinc, cadmium, tin, aluminum, sodium boroflouride, or
double metal chloride, and in which the volumetric expansion
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expansi on yinutes, preferably in less than about 20 minutes and
typically between about 3 and about 15 minutes. As used
herein, the term "adsorption" is intended to cover any such
solid-vapor sorption reactions, regardless of whether it is
termed adsorption or absorption.

The basic solid-vapor sorption systems used herein are
schematically illustrated in Figs. 1 - 10 incorporating two
sorbers, also referred to herein as reactors, one of which is
adsorbing while the other is desorbing. The adsorbing reactor
or sorber to be adsorbed, is cooled to near ambient
temperature to lower the vapor pressure of the absorbent
therein. As the cooled adsorbent vapor pressure drops below
the evaporator pressure the sorber draws refrigerant vapor
from the evaporator. This flow of refrigerant from the
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liquid or a mixture of liquid phase and gaseous phase, is
directed to the adsorbing reactor and is exposed in heat
exchange communication with the adsorbent during the
exothermic adsorption reaction. The heat from the exothermic
reaction is transferred to the heat transfer fluid thereby
vaporizing at least a portion of the liquid phase thereof and
rejecting the heat. The systems shown incorporate a
thermosyphon heat transfer loop which provides or assists in
circulation of the heat transfer fluid from the adsorbing
reactor to the condenser. As used herein the term
thermosyphon is intended to include any loop or system in
which reactor cooling results from phase change of liquid heat
transfer fluid or refrigerant, the condensate of which is
returned to system liquid level by gravity. The systems may



eiililAl KliWi/ Wi Nt b o i £ DTN A 60N W T A ds VLLEMT e @ WA W _aee

schemat i c49Rdensexs PAY ANGOYPYLate natyrah QF FRLAsd (53R SPEtivg so

referred tepdmeimyn aSD:[!;ﬁéi'@ﬁﬁ, t@ﬂiﬁ@foﬂhiegdpair&iaﬂsodéirmgebhiéwch hasot&]der

i s desorbing., The adsaqrbing reactor or, sorber.40 kS CQ to

near anbi é’rf&”t]efﬁj‘af %‘&P"e’ t%‘ﬂl’%‘i}\ﬁm? AL oro%ée%%ét?’earg%%‘g%q%%%% be%g'

therein. Amyhe useddmiber bsaporapgor pndesur eTheoptesk| valvee evaneat or

pressut e R*E sspa{f)\?%s dxﬁé;‘%}%ﬁ%&bﬂ&&éat bgaaefzifvéo. heAY RAVEL, -such iS
retri gerant fro e rat

fl ow of ; evaporator provides the refrigeration or
cool i ng effalanaids he Jhe dreatiere edpmeBEsofathA¥ivings ther deRIERRIAMD and

fromthe adsUdidly "RAg! Obe TBiofiitBASSHHE, hbat -exafRifer USUXFahaek Ve ves

or back-pressure control valve or,the flow gﬂﬁ* be aﬁt | gel é controlled,

usi ng for lddiffieated| ekoj drek in, thet 607, ‘essUr 8 oBdr NGRS, ffd%s.

Heat creat®fingktisdeldetexoaherabisadacepwirasr eac heatsrs r emwsk theat

mai ntai n the sorber, at ihe pr r.a r Rt : Wi

adsor bi ng LrARR T ils"céb]oﬁ?%c?o]f g%l n?’?’gggeggdgg?%ﬁ%?% E‘(Saleo ]h%(%/v%%ﬁb%%ss

heat ed untfidr Herecaping diott gasedsofbeombuatienn radgyruhteeathng, toe any

condenser qiRssULG: cab1eh! ALhbEP J°f thPhal! dasaietinge!o ! fRusondanser
a to the de

begi ns. _supplre sorption reactor ﬁ;OVi des the necessary
energy redReEEI® AUPRATatRS o ARRRNISALE 86 pFRBKMantct o RVERLDRHR t

Io;ss inftuﬁ.m@m{m«gﬁ bha yerghof tﬁég isg:]e@idim hﬁéfnbﬁzclmmnﬁédSﬁp thee

roles of the two sorbers are reversed. e.syst ens tically

i 11 ustrat ddMiFed o Ghe ?L’&a‘inpiﬁgt FEP@nt H&lf%%%ﬂ gi-r%&%rgg'n appar at us and

met hod of rejectn rmid hel hehéref iadidipstoatedeat edlidd-arapsac tasisakpt inp

adsorptio he [ rat [ t 0 h | 1ize
P %ﬁ/s%&rﬁ 'i‘ﬁéh%&gtgﬂpq.sﬁ éi’?ovﬁﬂbﬂge@ﬁé' fa$ FOW)c1 @A Wh 4K

a heat tr er Tlui I'ng a phase chan ) )
reactor 10 is desorbing while reactor 20 is adsorbing.
Desorbing reactor 10 is heated by energized heating elements

13 to provide the necessary heat for driving the endothermic

desorption reaction as previously described. The heat
transfer surface of adsorption reactor 20 communicates with
condenser 12 via conduits 40 and 41. In the system
illustrated, the refrigerant is used as the gaseous reactant
which is adsorbed and desorbed on the solid adsorbent, and as
the heat transfer fluid for cooling the adsorbing reactor. In
the schematically illustrated apparatus of Fig. 1, as well as
in Figs. 3 - 11, the arrows in the various conduits are shown
in the direction of refrigerant flow during the aforesaid
half-cycle. The clear or white centered arrows illustrate
vapor refrigerant flow, the hatched arrows show a two-phase
refrigerant flow, and the solid dark centered arrows indicate
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reacti on pRpy.he, munteds OpaPpakalLARS HEreHPGRS t S condenser 12 via
pipe 41, and liquid refrigerant portion returned to the tubing
below the sorbers wvia line 42. Vaporized refrigerant is
condensed in condenser 12 and returned to the liquid in the
lower tubing via pipe 21. Liquid refrigerant in the lower
tubing 44 is also directed via pipe 26 through expansion valve
35, to feed the evaporator 14. Gaseous refrigerant from the

evaporator is directed via pipe 24 into the adsorbing reactor.
One way valves 31 and 33 direct refrigerant to a reactor
during the adsorption reaction phase. After completion of the
above described half-cycle, the functions of the sorbers are
reversed, with the heating element 13 in reactor 10 de-
energized and the heating element 36 in reactor 20 energized.
As the adsorbent in reactor 12 is heated sufficiently to begin
desorption, the bubble-pump 18 is activated to provide cooling
to reactor 10, at which time adsorption therein begins. The
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gera apprOX| mat el Wth heater elenent 13 in sorber 10
ener gi zed, wittlp a vapor pump in Wthh a heater generates vapor in a tube
of liquid heat transfer fluid or refrigerant and a check valve
prevents backflow toward the system liquid reservoir, thus
forcing coolant flow toward the adsorbing reactor heat
transfer surface. With the check valve, the heater need not
be in the vertical riser, orientation sensitivity is greatly
reduced and less liquid head is required to feed the pump.
Such a feature is illustrated in Fig. 3, with heaters 47 and
49 positioned downstream from check valves 11 and 13 along the
conduits from liquid reservoir 71.

The system illustrated in Fig. 1 may be sensitive to
orientation, because the bubble pump vapor feed must be
somewhat submerged below the liquid refrigerant level, whereas
the inlet to the sorber heat exchange surface at the bubble
pump exit must not be submerged. Such orientation sensitivity
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thermosyphon loop on the sorber being desorbed is deactivated
by pressure generated inside the sorber. Deactivation is
accomplished by forcing all of the liquid heat transfer fluid
out of the thermosyphon loop. In Figs. 5 and 6, the system
refrigerant is also the heat transfer fluid, while in Fig. 7,
the system uses different refrigerant and heat transfer fluid

compositions.

In Fig. 5, the schematic system shown is a pressure
deactivated thermosyphon for transferring energy to the
condenser. In the half-cycle illustrated, sorber 10 is
desorbing with heater element 13 energized, and sorber 20 is
adsorbing with its heater deenergized. Valves 63 and 66 are
actively controlled. With valve 63 closed, the heat transfer
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t he syst empreniacuskygatasiribedus Atotbiengndoof dthe fafoxrasaid hakl-eyicbe bi ng
reactor heglpe roles of the two sorbers are reversed, with heater in

reactor 20 energized to start desorption, valve 66 is closed,
the heater in reactor 10 is deenergized and valve 63 is
opened. In both phases or half-cycles, refrigerant flow is
controlled by valves 31, 33, 62 and 65. These valves may be
one-way check valves, or may be actively operated. The
actively operated or actuated valves 63 and 66 may be solenoid
valves, sequenced with the same control circuits used to
energize and deenergize the heaters. Alternatively, the
actively controlled valves may be piston operated valves
driven by air pressure or by refrigerant vapor pressure
generated in the desorbing reactor.

Another variation of a pressure deactivated thermosyphon
system is illustrated in Fig. 6. The system shown uses 3-way
valves 72 and 73 controlled by pressure in the communicating
sorber. Valves 72 and 73 are spring-operated, 3-port valves
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reservol £3r|e%evx\prle(<:ih. th'%he desirability of such timing is to minimize
energy consumption. Observing again Fig. 5, with valve 63
closed before desorption pressure is reached in reactor 10,
heating of the refrigerant in the heat transfer tube 16 will
result in vapor pressure increase therein to force liquid
refrigerant from the reactor heat transfer section, without -
assist from sorber pressure. '

The apparatus shown in Figs. 5 and 6, may be modified for
routing desorbed refrigerant vapor directly to the condenser,
without passing through the reactor heat transfer section.
Thus, for example, in Fig. 5, conduits 61 and 64 would
communicate with conduit 59 above, or upstream from valves 63
and 66, respectively. One-way valves 62 and 65 could be
replaced by using thermostatically operated valves with a
sensor connected to the reactor heater for directing the
desorbed refrigerant to condenser 12. Alternatively a
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pressure activation. As previously discussed, it is preferred
that the valve communicating the desorbing reactor with the
coolant condenser 12 be closed prior to energizing the

desorption reaction heater in order to minimize heat losses

through' the vaporizing  coolant. Electrically or
thermostatically operated valves are preferred for such a
purpose. Auxiliary heaters may be provided in the

thermosyphon loop and energized just long enough to deactivate
the loop until the pressure from desorption reactor heating
creates sufficient vapor pressure to take over. In the system
shown, a separate condenser 55 is used for condensing desorbed
refrigerant vapor from a desorbing reactor. The condensed
refrigerant is directed through conduit 58 and expansion valve
35 to evaporator 14, while condensed coolant is directed to
the adsorbing reactor via conduit 21. Vaporized refrigerant
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Spring- opghabgh SnBQiay’¥aM%% 91 ahé conduit 96, through reservoir 85
and into the heat transfer surface of adsorbing reactor 80 via
conduit 97. The pressure from the desorbing reactor and the
desorbed refrigerant forces liquid refrigerant from reservoir
85 into the heat transfer surface 48 of reactor 80, where it
vaporizes and cools the reactor for removing heat of
absorption. Refrigerant vapor condensed in condenser 70
returns to reactor 80 for continuous cooling. Heating
elements 92 and 98 are shown in the respective reactors, as is
the liquid 1level 99 for the half-cycle illustrated. A
capillary tube 83 or equivalent expansion device directs
liquid refrigerant to evaporator 14 for expansion and
direction to the adsorbing reactor via conduit 87.

An alternative to a single reflux type condenser system
shown in Fig. 8 may utilize separate return legs for condensed
refrigerant and for providing a thermosyphon. Such an
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Thus, foragXagPhértiBnFbe: the GRIIHHY GAIGHAMOW¥bn reactor 90 is
split off from conduit 108 via conduit 115 and one-way valve
107 and conduit 109 to refrigerant condenser 110. Other
movable interface means may be substituted for the diaphragm
shown. For example, bellows or pistons, etc., may be used at
the liquid, gas interface for displacing liquid heat transfer
fluid in response to gas pressure.

Pressure activated thermosyphon systems, with system
refrigerant the same or different than coolant, may also be
activated with a small heater in the coolant reservoir. Thus,
small heaters 89 may be provided in reservoirs 85 and 86 of
the systems shown in Figs. 8 and 9 to generate pressure and
displace the coolant into the thermosyphon loop. The
advantage of using such heaters is that cooldown and
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and assogjzt eds o4 dob®ORKE SUEER SyFHEM deﬁhgauw cbﬁs@f@tf:ér et t he

previously descti bed systens using"a sin (of0) |t|on oth the
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clolndenserbe, fﬁf@sﬁlﬂiéd b‘étd;%‘felrf ﬁaéecétorm lmfma‘@_]aidsmétt ehmggmanandnxle:uar y, to
al |l ow use, o eat trans 1] aving i er

(e?i F&25teRs th nggxlmpg1 9 STRHQUE sgggte TSS/%Q% three

proper ti E539 Fefit pressure eat transfer
conponent&eminddyplm;s&mat Evans fex dfoqlmeﬁn@ly ﬂv@ausledanw?@r breltme@ ftde such

syst ens | C d S, t ddansder S,
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As previ %‘ésc\ % (1[ Pdreﬁécl;é R %fergcedthe condenser itself. These
thermosyphon loops use phase change heat transfer fluids in
the thermosyphon heat transfer loops and may be provided with
dual-circuit heat transfer conduits as disclosed in aforesaid
U.S. application 07/931,036. In such multiple stage reactor
heat transfer circuits of three or more reactors, the lowest
stage circuit may use the system refrigerant for heat transfer_
to the refrigerant condenser, or a different coolant and
separate condenser. The higher stage reactors usually use a
coolant different from the system refrigerant unless a low
pressure refrigerant such as water is used.

In Fig. 11, a two-stage discrete constant pressure
staging system is shown . It will be noted that the
schematically illustrated system is similar in design to the -
systems illustrated in Figs. 7 and 8 incorporating pressure
activated thermosyphon loops used on both stages. In the
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react or _vi 3l6onadi 12P1.. Vapori zed refrigerant -14- is directed via
condui t 24, val 4@e33,ERERUITI 68EEHEEG4EN! Pi?dS:QI hikive @ABRAT-29d1R With
hal f-cycle illustrated. Again, at the 0

: end of the descrjbed, th
functions BFaERETt wdZbr @@@Qev@h&g& W%eigﬁfelgggggﬁgrme
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syst ens usi a_pressure activated thernos nare wn; Ln whi .
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Elhren lngsgi 1; ]{s'tzgsbutaas. capised] byubaathddtanst grsdeacEilvad ds adiirettsiindniten of
adsorbing reactor 140, where it is vaporized, cooling the
reactor. From there the vaporized heat transfer fluid is
directed to lower stage desorbing reactor 120 and is condensed
at the lower temperature conditions therein. The vaporized
refrigerant desorbed in reactor 120 is directed through
reservoir 138 and mixes with liquid condensed refrigerant in
conduit 144. The mixture is then directed into reactor 110 by

the activated thermosyphon loop created in heat transfer

section 148 to provide heat transfer cooling. In the
apparatus and system illustrated, refrigerant evaporator 125
provides vaporized refrigerant for adsorbing reactors. It

should be .understood that although a two-stage system is
illustrated, any multiple stage system may be used to take
advantage of the thermosyphon loop heat transfer advantages of

the invention.
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not shown.

In Fig. 13, an embodiment illustrating periodic

refrigeration systems is shown, which uses a single reactor or
sorber. Such a periodi'c single stage system features a
thermosyphon loop for cooling the reactor during adsorption
with wvalve 151 open to complete the heat rejecting
thermosyphon loop to the condenser 153 and conduit 156 back to
heat transfer section 160 of the reactor. During adsorption,
liquid refrigerant is vaporized in the reactor heat transfer
section and with the valve 151 open, the thermosyphon loop is
activated. During desorption, by closing valve 151 and
energizing heater 158, the thermosyphon is deactivated, and
increased vapor pressure in heat transfer section 160 of the
reactor forces liquid refrigerant out of the heat transfer
tubes and completely deactivates the thermosyphon to prevent
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reactor UYL P ct""éﬂ'1 o¢ ??iﬁf‘g éﬁ’c)?g{‘% tl?}q: %ggxg 5%%} %?)‘l%r ‘he
desor bed sueftr iwes aof &r mecheadiral $Winips EY i reslt f inmincrdasedl PROWEIA

condui t %i% %Q&%W}E%y Ceyde aEﬂnEHQdBéEaéQ% h%a'i: E)r B %to& nser

110. ace nmeans may-b stitut e f or I aphragm
shown. F@ranexamcaeed)ewmltéanweebyrs apd.  bggause ué‘éﬁoé'lpttll%l | i8R d,

gas i nt efeRi-difonli Phaddo hbﬁal dn8€atbér@"foéE;uE'lwdueriQﬁp%eﬂs) gas
pressure. Pressure_acCtivated { hon systens, wth syst ref er ant
the samer&IWinadr Bt ‘?‘P\%‘PFE%‘P% %ro %% "é‘é”tﬂag 2BYPYEME wi ﬁ‘? f‘ra%\
heater i metdlﬁrﬁmdla@iunrpeaersbomcrihses eontiroheapreions8Oaveaildieler oFladed in
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a much lower rate to maintain load temperature without
excessive cooling. Thermostatic demand for more cooling
'~ causes the pump to be activated and sorption rates would
increase. During periods of low demand, desorption of the
opposing sorber may also proceed without affecting performance
of the adsorption, thus charging the system for the next call
for cooling. In addition, three or more sorbers may be used
to provide constant evaporator suction and reduce cycling
losses due to refrigerant migration in the off periods or
simply to provide backup or excess peak capacity. Such a
system is illustrated in Fig. 14. Pumps 136 provide liquid
refrigerant to heat transfer sections 137 of reactors 142.
The system includes six check valves 133 along the gaseous
refrigerant lines to and from the reactors, as shown. A
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the vapor in a small condenser tube 177 in contact with the
sorber heat transfer surface. Condenser tube 177 may be
straight as illustrated and bonded to one side of the heat
transfer surface, or it may be coiled or concentric relative

to the cooling channel of the heat transfer surface with axial
fine connecting to the sorber as is commonly used in double-
wall heat exchangers. In the device illustrated, vaporized
heat transfer fluid from boiler 175 is directed to valve 171,
which is positioned to direct the vapor to reactor 174, where

it is condensed thereby releasing heat to drive desorption in

the reactor. The condition of valve 171 is closed relative to
reactor 172, in the adsorbing stage, and which may be cooled

as previously described hereinabove. Such a means for heating
may be used as an alternative to the conventional use of



PDUVLCIIVLUW Qlill/ V4 LUCiLHUoLALLCAQLLY VUMLLUVLLLGUW LUKDPMVLIILLILS 4V

separat e SPeFatdag PR hrgRErodiiye rehet cpeolingl |loere fvoramling
di fferent JisPPity S¥ehetbksl.r i Jenatead) e€Rea dafatem@swr echel pradet
I SC

such as water is used. In Fig. 11, a tgg-sta eﬁe qonétan pressure
Il )?I'

stagi ng sy&t @Fr‘ltlls‘msmvap°r PUnRS |
|||ustratedhsyswemdrspreséuweldush&acﬁméﬁmtbﬁ shetheatltka&bfa&e&luidﬁgw

7 and 8 i Lt h
ctages.  CpnepRaFRLEILRERRHESSF0CURRE 40T THRINEL DIRBCIE S a1

| oner st apwegensd! einvertitonr offier rthet edyvamt@gendofi 40sing tthe hisyssemst age
(hotter) rgg¢ligfeSant 'és"“thle Hes %M%thihlhhqm'a‘i@rtﬁéi‘ﬂss %hors

130 and 140 usé& a_cool ant other than_the refrigerant whereas t
st age r eabPERdng14ogRd 1Phe B¥Skems ArFeribed Bere iR 1aHe ke disesd 1F’0P-nY
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adsor bi ng, refrlgerant In staged reactors 110 and 130, reactor Ois
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di spl aci ngpfai'fe.alqicg%' %a?;e incorporate and benefit from such inventions
when incorporating such features of the invention, the
resulting appliances will have substantially improved capacity
including particularly noiseless and vibrationless operation
while benefiting from reliable, simple, and inexpensive
components, again due to the substantial reduction in the
valves, pumps, and other power consuming components which are
typically required in presently commercially available
refrigerators, freezers, etc. More specifically, devices and
appliances incorporating the components , methods and
advantages of the present invention include small capacity
refrigerators of between about 5 watts and 50 watts, and small
capacity freezers of between about 5 watts and about 100
watts, having extreme temperature lifts.. High specific power
density low wattage cooling appliances of up to about 300
watts capacity may be constructed of components incorporating
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into reactow]l ilid dryv:tctms Acnd ailes tiles rmsqq:ﬁm donﬂp.rtg esqipai:atrumemlch
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may be used to dvant age of the thernosyphon |oop heat tfans
advant agdd- &7 (e iTRRALELR. tYPegs-anfe SYITRAEF | @dt r APPETATYS g.and

shows an ppandmead iheledoirol of a heat rejection thernosyphon |oop
using refrigerant pressure across stages,in contrast to t of two

sorbers in each stay& 3P evPOGEEY %QPS’(?%‘E%%I' FRude ?HES Gerete
t wo- st age constatiits prcmmd:ys,ystsemksh(am sl gexrampmmadﬂe‘rmthe second

stage reactor 4 %(H yat esfar@g@tehfgj ecti f??@@féﬁﬁ son first stage
of hea '

reactor 124 a adsor |on oCcur S ther éi n. troI C transfer fluid
131 shown sti mﬁﬁnlgﬂﬁﬁéoh‘daﬁrfWEﬁéif er pfpEbdnREREPHY betUdhStshe two

reactors i s aGeyWildebrs| Thractiere b9, cohlihatRbndeappleandldsy
activated, Sucriuc% amggl %nOIJ(.jnngal.i/fed J.rﬁealtecsxggar.t?fonal vehicles,
boats, automobiles or  trucks, and mini-bar
refrigerators, freezers or combination units;
kitchen appliénces; up to about 400 watts, such as rapid
freezers, standing alone or combined with microwave and/or
standard refrigerator/freezer units, iced tea/coffee makers,
ice cube makers, ice cream makers, freeze dryer units, and
drink or water coolers; '
display and vending equipment and apparatus, up to about
500 watts, such as coolers, freezers and ice makers;
durable good appliances, up to about 400 watts such as
household refrigerators and freezers and commercial freezers
and refrigerators, with or without rapid freeze capability,
and dehumidifiers; '
building air conditioning appliances including
residential split unit air conditioners and heat pumps (1RT to
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the present invention. These as well as other systems may

incorporate the advantages and components of the present

invention.
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Punps 136ipeduide hi §8hfrally vertical conduit and wherein liquid heat
transfer fluid is driven upwardly along said generally
vertical conduit by said vaporized heat transfer fluid.

5. The method of Claim 4 including heating said liquid
heat transfer fluid in said generally vertical conduit.

6. The method of Claim 1 wherein said heat transfer
fluid comprises said refrigerant and wherein desorbed gaseous
refrigerant is directed to said cooling loop from a desorbing
reactor for driving'liquid refrigerant to said adsorbing
reactor.

7. The method of Claim 1 wherein said liquid heat
transfer fluid or liquid refrigerant is vaporized in the heat
transfer section of an adsorbing reactor and directed to a
condenser, and a portion of condensed heat transfer fluid or
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CondenserrEEPfgéZanayorpea metal salt comprising a halide, nitrate,
nitrite, oxalate, sulfate, or sulfite of an alkali metal,
alkaline earth metal, transition metal, zinc, cadmium, tin,
aluminum, sodium boroflouride, or double metal chloride, in a
process for increasing chemisorption reaction rates between
the gaseous refrigerant and complex compound by restricting
the volumetric expansion of the complex compound formed during
at least the initial adsorption reaction to form a reaction
product mass capable of increased chemisorption reaction rates
as compared to a complex compound formed without restricting
said volumetric expansion.

15. The method of Claim 14 wherein said polar gaseous
refrigerant is ammonia and said metal salt comprises SrCl,,
SrBr,, CaCl,, CaBr,, Cal,, CoCl,, CoBr,, BaCl,, BaBr,, MgCl,,
MgBr,, FeCl,, FeBr,, NiCl,, ZnCl,, SnCl,, MnCl,, MnBx,, or CrCl,
or mixtures thereof.
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and second reactors having a heat transfer section in heat
exchange communication with adsorbent composition on which
said refrigerant is adsorbed and desorbed, and a condenser for
condensing vaporized heat transfer fluid,
a method of cooling an adsorbing reactor comprlslng
providing a thermosyphon loop communicating the heat
transfer section of each of said first reactors with the
heat transfer section of a different one of said second
reactors, providing a heat transfer fluid having a phase
c.hange from liquid to gas at a temperature at or below
the temperature of adsorption, and directing liquid heat
transfer fluid to the one or more adsorbing reactor heat
transfer sections during the adsorption reaction therein,
wherein vaporized heat transfer fluid displaces
liquid heat transfer fluid in said thermosyphon loop for



aeactivating the tnermosypholn l1lOo0p ill &5dlid UcsLiiiiily Ltallbr

cool i ng c&nacaﬁ;tecsmng aremwoired r desogbed: @asenus frefrégerankyifgomew
MoVI ng par% CEHE%gﬁl tﬁﬁ:lcﬁ:{qﬁ’eéﬁ/e 'H&é@%i‘an@ﬁé%u%%dﬁlérheof

i nprovenent's an van ges of syst ems ncorporatlng t he appar at us
met hods ofsai@ @cé@éh%ngn%féﬁpt@ﬁr a3t | fRreing sligued  EeSrigegants g’Fﬂ‘“

other appldfigesndRy | EELAHPERL eséaélbﬁnewthf  @ENLEUC delsandeid Ongasdeus
I ncor porati Egli'SUCh features of the invention, the resulting appliances wll

have subst ’aﬂf‘l’%}a’i‘ roved capacity including particularly noiseless and
vi brationl ess oper atThe méthed ehaflaim®R0 mheresn alliee d&a'cmhﬁd gageous

t
val v, pUi R TRRERY he TRLB 0 EAEE b nedRibaTbadu T Yy '%%:’5‘??
requi red iwith eSierst \hesdrimg ciedns mmdmm:@g gesrmtion r 3'5°net C.
More specifically, df’t‘{écftﬁétﬁag #P01aNGeS21 ”é&hﬁ?i@ih@gehéQPﬁQﬁﬁ@eéﬁﬁd,

met hods and advant a e present I nvention J ac
refrlgeratﬁ)\flés%fhﬁégm%mﬁ ot fisPa ﬁd’lﬁ'@&a’t &aﬁﬁggﬁﬁFFa a‘t’?%/

freezers %amtw alaeﬁhsiewat bécaadnaboahdlammastehavﬁmg enterae'mmg
tenperature lifts. gh_ s

ec nsity | t
appl i ancePXASIHE o”éb%?&g eRB?EXP\A§8Ba§°?F *E;?%\ll)vgﬂ%oﬁgg ‘r%uré%t%gd %’?seous
conponent sre frcdyeuant i ng -22- the present invention. Such small or

I f t C zlo eIl
ool ing al betwibn absi terhod s ACHILE Bo° b rnt f%%ﬁr%‘?%g%?*?és-

about 7 culpep figwluges S andiseannd &@md%’&?e§ MR

Exg”p::.:ts 'étEiSd‘ggi:BglggnQ@ﬂer , aR@p] %aflrdeezf:[‘ﬁsﬂewaeﬂs §él§d9nd5 derdtasesl, i n
en
maker s, nﬁﬁ%ctﬂ‘\é@z}é?;easéhmofa A3 ETESeSHSE S5 R R G Prud £ifg CUPe

a valve operated for opening and closing said first and second
conduits, said method including closing the valve
communicating a desorbing reactor with the condenser during
the desorption reaction whereby desorbed gaseous refrigerant
is directed through said heat transfer section of said
desorbing reactor for forcing said liquid refrigerant
therefrom.

24. The method of Claim 23 wherein said valve is
operated by refrigerant vapor pressure from a desorbing
reactor for closing the conduit communicating said desorbing
reactor and the condenser.

25. The method of Claim 21 wherein said system includes
second heating means for heating refrigerant in said
thermosyphon loop, said method including energizing said
second heating means to increase vapor pressure for



e ol Wl sl N Ldd E.choua. e dd S N U! llcab-l-l&s ol G ale Wi u\iﬂu&”&lls e e A b o e T ol bl

and the Fiket heatipg perms f@&oﬁrégri%\ﬁfteesdesf?mw L82CELM: ti oni ng
equi prrent , espe2i7al I S!‘h&rmdétlidwnbﬂi cmamdi:lts Whgﬁeﬁlh s Ejmh lgyph&za%h
ton capaci €0 sonal_¢oo evices, and the |ike, er
cool i o apbarBt AR hEpSh AR cTER Rt (MR B o S op R st patesee
conponent ssakd nﬂ:tdmimlsﬁrt hangdr essitd i ngénmston ant| ugecond el xeacoors,

cooling sy,_s(; cgiégﬁ& Qab{] &f %ﬁl@ﬁ%tngndSSgZéna?’g ndtf‘i{:issincﬁ%ing

SpeCI fic appar at us I ances 1 nc
consuner |%.\sqﬁ=*ée aaﬁ#eeﬁe%sfom@m%apWG REdng §éﬁ§cf-%§73t3%ﬁ gsecend| |

or portabl gowdupessonagaid f_rtﬁéﬁl%é, includifgli UCI860K§ tRéE valve
refrigerator/freeze er at or freezer,

t
onbi oot otminEaat ing, B0 HRAE Y reddh e i fhy LRl Hodendart (185
boat s, athendsdrstion réactcksn whersby wapobihzed dheayerrdmsfer f £ bevdr s

or conbi natd ofy #deea KGO CReac Pk RnRAN 4000 VB! Sor SUClLAS
rapid freezers, an alo conb m crowave and/ or ~stan

refriger atdﬁS@?M@rrwttsonlﬁmd fiorging seddrbkanid h%étcmnb%nﬁ&m%lui@e
cream makefperd L84 dryer units, and drink or water coolers; display and

vendi ng equi pment and apparatus, up to-.gbout 500 watts sugh as cool ers,
freezers and i c%8 makERe; %%?Wecgg Fladm i gdce¥h eﬁﬁlf‘o aRedt ‘A%V%t%%

such as haosefudedr ey i wﬁtlcye&aam ﬁrép@&erprasduﬁremmfsmalaf [CRAFEAS 18
refrlgerators thout

d d i f ;
bui 1 ding 2ergeSt i o TORRG ChEpRPPaHEEs CoMRBRAATISS Zath q%ﬂ;f'rqeis
unit air mat:ttmormé tihel bendepsaps (1RT to

29. The method of Claim 26 wherein said system includes
second heating means for heating vaporized heat transfer fluid
in said thermosyphon loop, said method including energizing
said second heating means 'to increase vapor pressure for
deactivating said thermosyphon loop in a desorbing reactor
until said first heating means creates sufficient vapor
pressure for deactivating said thermosyphon.

30. The method of Claim 19 wherein said heat transfer
fluid comprises said refrigerant, said method including
activating the thermosyphon loop comprising utilizing
pressurized refrigerant vapor for forcing liquid refrigerant
in said thermosyphon loop to an adsorbing reactor.

31. The method of Claim 30 comprising utilizing desorbed
gaseous refrigerant from a desorbing reactor for forcing
liquid refrigerant in said thermosyphon loop.

32. The method of Claim 31 wherein said system includes
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in said thermosyphon loop, said method including energizing
said heater for vaporizing liquid refrigerant thereby forcing
liquid refrigerant in said thermosyphon loop to an adsorbing

reactor.

36. The method of Claim 19 wherein said refrigerant and
said heat transfer fluid comprise different compositions and
wherein said system includes first conduits for directing
refrigerant to and from said reactors and second conduits for
directing heat transfer fluid therein, and movable interface
means cooperating with said first- and second conduits for
forcing heat transfer fluid into said thermosyphon loop in
response to refrigerant vapor pressure on said movable
interface means, said method including generating sufficient
refrigerant vapor pressure from a desorbing reactor to
activate said thermosyphon loop.

37. The method of Claim 36 wherein said movable
interface means includes a reservoir for receiving liquid heat
transfer fluid and a heater cooperating therewith, said method
including energizing said heater for pressurizing refrigerant
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complex - compound comprising restricting the volumetric
expansion of the complex compound formed during at least the
initial adsorption reaction to form a product capable of
increased chemisorption reaction rates as compared to a
complex compound formed without restricting said volumetric
expansion.
40. The method of Claim 39 wherein said polar gaseous
refrigerant is ammonia and said metal salt comprises SrCl,,
SrBr,, CaCl,, CaBr,, CaI,, CoCl,, CoBr,, BaCl,, BaBr,, MgCl,,
MgBr,, FeCl,, FeBr,, NiCl,, ZnCl,, SnCl,, MnCl,, MnBr,, or CrCl,
or mixtures thereof.
41. In operation of a sorption reaction system
comprising one or more reactors in which a refrigerant is
alternately adsorbed and desorbed on a solid adsorbent

comprising a complex compound formed by adsorbing a polar



T Sdwdin W asdd bt e pls Wl T MR e el RN W R &R - T - T DN T e aal® 4 RhR T e

transfer ARGTEASHING ey chemisgrphion reagrdan, Fates Prkvrel: the.Rotar

s]gact i 03 Ofre(?rhi@rmt tri:u' ra;t;d eehé oconplest lcaniprsirid compriieingr reatdietimg i on
conden e (P] o (0] - - |

i rocteq E0S;4papbERTR SrphpELEn’or fhe RmET SRREGUY FLRHE uirdng

utilizi nga&n lgast otheudpitdaldiadaniptyioni teactibd Koatfarmnaf progdugitd or

1 qui d T eLbpaghanbe inededseaobhBfidipe idn refbti0hl bated! abl abfiplraler oi N
said ejectolr punp is_driven by a conbihation of refrigerant vapor generated
by a heat &P afd $EMPlEsoasmppndokorRed | getehput 1orestelaiingd §R18 ai m

1 conpri sdqukeithdizd RScparyildH 6 A ThdWingi ¢esduiy weads| £a1i dikeating
transfer flyid or quu%d rg&ri. erant in said cool i ng | gop. 1JE Thetrret hod
of Caim %0 eFFRREF 8 b b p‘ﬁ‘?ﬁj’“i ga4f PAF B amRORbATRG TS e tC @
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transfer fluid in said conduit means between said
condenser and said reactor thereby directing liquid heat
transfer fluid to said adsorbing reactor, and vaporizing
at least a portion of said liquid heat transfer fluid in
said adsorbing reactor.
42. The method of Claim 41 wherein said polar gaseous
refrigerant is ammonia and said metal salt comprises SrCl,,
SrBrz, CaCl,, CaBr,, CaI,, CoCl,, CoBr,, BaCl,, BaBr,, MgCl,,
- MgBr,, FeCl,, FeBr,, NiCl,, ZnCl,, snCl,, MnCl,, MnBr,, or CrCl,
or mixtures thereof. '
43. The method of Claim 41 wherein said system comprises
a plurality of reactors and each reactor contains a different
complex compound therein, said method including directing at
least a portion of the heat from an exothermic adsorption
reactor to a endothermic desorption reactor for driving the
reaction therein.
44. The method of Claim 43 wherein said reaction system
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refrigerant /1.s ammohia and sald, netal salt conprises SrClJerr SrB {)err],
CaCl [ er r | SatdBryea¢tore, inglyding o regghor Og’&a[ter Ff‘,"ﬁég@l{“‘[ eF‘L?,nSBaé ferr],
MyCl [ err] dieBe 2ngFaChkat! kraneffiererfilluidiii@i leat extiange réxpSatieto]
\sl® [err]é I.\/gB%ierrLé gr CrC[err] or mxtures thereof. -26- 16. The
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condensi ng sai d ref megasafioxf heiat ingl savial drinedr @rsbrergenrd f veadEeEeti ng

condensed refri geragén{igﬂ%]eg‘aimga%@denser to said cooling | oop, said nethod
i ncluding directing desorbed gaseous refrigerant froma reactor to said

condenser, condensi fYyaparatoat Megant, and directing a portion of said
condensed refrigeragt heagai fe§eetipg | v6sp ldommineiBRENAG Okifhai suié

wherein said systemincludes a.refrigerant evaponratar,, .sai
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cooling loop, @Bflgenser, and a second portion for directing condensed

heat transfer fluid from said condenser to an adsorbing
reactor,

a heat transfer fluid located in said heat rejection
loop capable of a phase change from liquid to gas at a
temperature at or below the temperature of adsorption in
an adsorbing reactor, and

vapor .operated fluid displacement means cooperating
with said second portion of said heat rejection loop for
displacing liquid phase heat transfer fluid therefrom to
reactor heat exchange means and including one or more gas
pressure conduits communicating a desorbing reactor with
said heat rejection loop for pressurizing the loop with
desorbed gaseous refrigerant or vaporized heat transfer
fluid.
46. The apparatus of Claim 45 wherein said heat transfer
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of liquid heat transfer fluid or refrigerant to reactor heat
exchange means for cooling an adsorbing reactor.

51. The apparatus of Claim 50 including first one-way
valves for preventing back flow of heated liquid heat transfer
fluid or refrigerant along said second portion of said heat
rejection conduit loop.

52. The apparatus of Claim 45 including passageway means
for directing desorbed gaseous refrigerant from said solid
adsorbent to said reactor heat exchange means.

S3. The apparatus of Claim 52 including a selectively
operated valve cooperating with said passageway means and said
first portion of said heat rejection conduit 1loop for
selectively directing desorbed gaseous refrigerant to said
reactor heat exchange means during reactor -desorption, and
selectively directing vaporized refrigerant from a reactor to
a condenser during reactor adsorption.
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57. The apparatus of Claim 45 wherein said fluid
displacement means comprises a movable interface means
responsive to vapor pressure on a first side thereof for
displacing liquid on the second side thereof.

58. The apparatus of Claim 57 wherein said fluid
displacement means includes a reservoir cooperating with said
movable interface means.

59. The apparatus of Claim 58, wherein said reservoir
communicates with said one or more gas pressure conduits for
receiving desorbed gaseous refrigerant therein, and with said
condenser for receiving heat transfer fluid.

60. The apparatus of Claim 58 wherein said movable
interface means comprises a diaphragm positioned in said

reservoir.
61. The apparatus of Claim 45, wherein said fluid

displacement means comprises one .or more reservoirs for
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28. The netho alm 2 eln sald valve is gperated Qy refrigerant
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t her rosypBhgher3phanhshgefregrpt ionatamporatore pfsskhe next enaRsFELVEl uid

conpri sepighed ApoHepREsuTd drdBitivh | pebddictd at a high reaction
pressure, and including means for directing heat transfer
fluid between said reactors for rejecting heat of adsorption
from the highest temperature reactor to the next lower
temperature reactor.

65. The apparatus of Claim 45 including a single heating
source for vaporizing liquid heat transfer fluid, a three-way
valve for selectively directing vaporized heat transfer fluid
to said reactors, respectively, and conduit means
communicating between said single heat source and said three-
way valve member for directing vaporized refrigerant from said
heat source to said valve.

66. The apparatus of Claim 65 wherein said reactors
include a heat transfer section in heat transfer communication
with said solid adsorbent for condensing said vaporized heat
transfer fluid.



acti vat i n3LERERERer AESHHNLRITOSF WIS si9% IRRISiTREH Salprids. and
refri ger afibrmefobyf a methbmgfbrqﬂhdreaﬁihgemdapﬁptinn(hgmgdﬁesythQPIoop
to an adSPéQEEQohei‘%EQE-b 1{e$@§i3€5’.ﬂ§dtﬁ%. %ﬂb@@ieogng:!a?é%n%f' tReny
desor bed gaseous rerrigeran roma desorbing reactor fo orcing liquid
ref ri ger agemphexai gompeundsyduning od: Jeasthethet hdpibial RdecIPhAeRei n
sai d systggpkpgbudes -29- a reservoir for receiving liquid refrigerant
and a heater cogperating therewith, said reservoir, co nicating with a
conduit for diPBetif ed%EBF‘B@H“@a%@o‘EPsa‘r‘Efﬁ @’i‘&%‘ﬁﬁnr BB PP LaE 97ESRES ¢ h
sai d t herpesypberaheofd.s Smbrited handdi saiddimeyradnesajlzi ogmpri debe sl ,f or

pressurizing_refpigeran apor L0 saj ese Lr a I Sp Lhg Li.gudi d
refrigeragfgfhbré?ggﬁﬂih? réaiga?hbrgggébhoﬁgﬁgﬁb.gggﬂzThggﬁg?hogbg#2CIaim
32 conpriMgRy, ernke@lzi ReBmi, dNi€dker ZpElor $BCHpsMNThyg YEBxausrr ExClger ant

in a desogpiﬂgxgﬁgggthe§gofThe met hod of Cl aim 20 wherein said system
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refrigerant thereto.

71. The apparatus of Claims 63 or 64 wherein heat of
adsorption in a lower stage, cooler temperature reactor_is
rejected by condensed refrigerant in said reactor heat
exchange means, and heat of adsorption in a higher stage,
hotter temperature reactor is rejected by liquid heat transfer
fluid in said reactor heat exchange means, and wherein said
heat rejection loop includes one or more refrigerant conduits
cooperating with said reactor heat exchange means for
circulating refrigerant from the cooler temperature reactor
heat exchange means to said condenser and back to said cooler
temperature reactor heat exchange means, and one or more heat
transfer fluid conduits for directing heat transfer fluid
between the heat exchange means of a higher temperature
reactor and a lower temperature reactor.

72. In a sorption system comprising a plurality of
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means for heating said reactor,

a condenser,

an evaporator,

a first conduit communicating between said reactor
heat exchange means and said condenser and selectively
operated valve cooperating therewith for selectively
opening said first conduit during reactor adsorption for
directing vaporized refrigerant from said reactor heat
transfer section to said condenser, and closing said
first conduit during reactor desorption,

said refrigerant capable of a phase change from
liquid to gas at a temperature at or below the
temperature of adsorption in said reactor,

fluid displacement means for directing 1liquid
refrigerant to reactor heat exchange means, and
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