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chillers, in particular for microelectronic appliances such as personal computers. The general

aim is to develop a device that is: (1) compact; (2) virtually free of moving parts and reliable;
(3) efficient in converting input to cooling power (i.e., a high Coefficient Of Performance or
COP for short); (4) capable of high cooling densities typically measured in Watt per square
centimetre (W/cm?); and (5) affordable. (COP is defined as the ratio of useful cooling power
to input power).

[0003] Various types of cooling devices have been, hitherto, proposed or commercialised
for the above-mentioned purposes. The simplest is forced air convection with the option of an
extended heat sink that effectively increases the heat source surface area for heat exchange
and/or the possibility of introducing ribs or barriers on the surfaces to be cooled to increase
air turbulence so as to realize better heat dissipation. This method is adequate for many types
of current microelectronic cooling applications; however, the current methods might cease to
satisfy the compactness constraints of future generations of microelectronic cooling
applications that will require a cooling density at least an order of magnitude higher than
presently required.

[0004] Thermoelectric chillers are also in use, but suffer from inherently low COP
(typically in the range of 0.1-0.5 for the temperature ranges characteristic of many

microelectronic applications) and high cost. The low COP means that major increases in
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condensing ends of the same are laid out so as to effectively increase the surface area of the
heat sink.

[0008] Mini vapour compression chillers [4] have also found applications. In one design,
the evaporator is arranged over the heat source surface while the mini condensing unit is
positioned away from the heat source. The advantage of such a system lies in its higher COP.
However, many moving parts are involved in the compressor and they have to be highly
reliable. Further scaling down of the compressor for miniaturized cooling applications may
also be a technical challenge, and this may lead to a sizable loss of compressor efficiency due
to high flow leakages and in turn the low chiller COP.

[0009] Thermoelectric chillers [5] satisfy the requirement of compactness, the absence of
moving parts except for the possibility of one or more cooling fans, and an insensitivity to
scale (since energy transfers’ derive from electron flows). Typically, commercial
thermoelectric devices comprise semiconductors, most commonly Bismuth Telluride. The

semiconductor is doped to produce an excess of electrons in one element (n-type), and a

dearth of electrons in the other element (p-type). Electrical power input drives electrons
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adsorbent, which is usually packed in a reactor hav1ng good heat transfer characteristics.

[0012] Many adsorbent-adsorbate pairs are available, such as silica gel-water, silica gel-
methanol, zeolite-water, activated carbon-nitrogen, activated carbon-methanol, etc. Silica gel-
water has been the preferred pair in commercial adsorption chiller development targeted for
process cooling or air-conditioning owing to: (a) silica gel’s comparatively large uptake
capacity for water; (b) the high latent heat of evaporation of water; (c) the relatively low
temperatures for desorption; and (d) the harmless nature of the chemicals.

[0013] However the COP of commercial adsorption chiller driven by low temperature
waste heat (typically less than 85°C) is low, typically in the range of 0.1-0.6 for typical air-
conditioning and process cooling uses. The intrinsically low COP is related to: (i) small
temperature differences among the reservoirs; and (ii) the batch-wise system operating
characteristics.

[0014] The technology of coupling a thermoelectric device (often referred to as a Peltier
device), to an adsorber and a desorber is not new [14]. It is typically applied to

humidification, dehumidification, gas purification, and gas detection. Its application in an
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thermoelectric device, the reactor attached to the cold junction acts as either an adsorber or
absorber, while the second reactor attached to the hot junction acts as a desorber. When the
direction of flow of direct current through the thermoelectric device is reversed, the original
cold junction is switched into a hot junction, which in turn also switches the reactor from an
adsorber or absorber to a desorber. Concomitantly, the original hot junction is switched into a

cold junction, which in turn also switches the reactor from a desorber to an adsorber or

absorber. Such applications are typically found in gas purification.

SUMMARY OF THE INVENTION
[0017] We will now explain how a unique union of the adsorption and thermoelectric
chillers (electro-adsorption chiller) can produce a device that simultaneously fulfils the
following aims: (a) scale independence, and hence the option of chiller miniaturization and

system compactness; (b) no moving parts; (c) option of no coolant loops; (d) relatively high
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internally (to remain hermetically sealed) via the valve housing to the condenser and
evaporator, respectively.
[0020] According to one aspect of the present invention, there is provided an electro-
adsorption chiller assembly comprising:
[0021] a condenser, wherein the refrigerant can be cooled by forced air convection,
radiation, laid out heat pipes, by liquid coolant and/or such other means that are practiced by
those skilled in the art;
[0022] an evaporator that produces useful cooling, which is connected to said condenser
by means of a simple on-off pressure reducing valve operated by means of electromagnetic,
pneumatic, hydraulic, solid-state or other principles so as to provide a refrigerant circuit; or
an evaporator that produces useful cooling which is connected to said condenser by means of
a simple on-off valve operated by means of electromagnetic, pneumatic, hydraulic, solid-state

or other principles and a serially connected hermetic or semi-hermetic pump that can either

spray the refrigerant onto the evaporator heat exchanger surface or distribute the refrigerant
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condenser and evaporator and subsequently connected serially to the evaporator to operate as
an adsorber adsorbing vapour refrigerant from the evaporator for a substantial period of time
and the other junction simultaneously operating as a heating end and the reactor attached to
the heating end is heated up while it is isolated from both the condenser and evaporator and
subsequently connected serially to the condenser and operates as a desorber desorbing vapour
refrigerant to the condenser for a substantially identical time interval, and the pump, if any,
that is installed between the condenser and evaporator.

[0026] In a preferred embodiment, the refrigerant is water and the adsorbent is silica gel.
However, other polar fluids such as methanol, ammonia, etc. or polar dielectric refrigerant
can be used. Similarly, other adsorbents such as zeolite or activated carbon can be used.
[0027] The reactor is preferably composed of good heat exchanging material and contains

a predetermined amount of adsorbent. The adsorbent could be any material, such as silica gel,

that is able to adsorb refrigerant, either by physisorption and/or chemisorption, for example



refrigerant to the condenser for a substantially identical time interval,
and the punp, if any, that is installed between the condenser and
evapor at owo )poO0®83 In a preferred enbodi ment, the refrigeramtSGogonat er and
the adsorbent is silica gel. However, other polar fluids such as nethanol,
ammoni a, etc. or polar dielectric refrigerant can be used. Simlarly,

ot her adsorbents such as zeolite or activated carbon can be used. [0027]
The reactor is preferably conposed of ¢geod heat exchanging material and
contains a predeterm ned anount of adsorbent. The adsorbent could be any
mat er i alwateucdpoas aninoni, gedthanol,hetr. iab aatsmperasurzddistated &y r thgethgmeoeledtriper

by physisorptiop and/or chem sorption, for ex | e 03/014635 .
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[0030] In a second aspect, the evaporator can again be designed in the common pool-
boiling mode with the additional installation of micro channels or even stacked-up micro
channels with a honeycomb-like configuration in the pool of refrigerant and are in good
thermal contact and possibly good mechanical contact with the surfaces through which
thermal power is received by the pool of refrigerant so as to increase the cooling densities by
effectively increasing the ratio of heat transfer surface area to volume. However, this design
again cannot satisfy the orientation-independent constraint.

[0031] In a third aspect, refrigerant is mechanically sprayed onto the heat transfer
surfaces of the evaporator via a distributor with the heat transfer surfaces being preferably
installed with micro channels which are in good thermal and mechanical contact with the heat
transfer surface of the evaporator. In this design, an on-off control valve and a downstream
hermetic or semi-hermetic pump have to be installed between the condenser and evaporator
so that the condensed refrigerant is pressurized by the pump and delivered to the distributor.

This design is able to satisfy the orientation-independent constraint as well as the need for

high cooling density.



effectively increasing the ratio of heat transfer surface area to vol une.
However, this design again cannot satisfy the orientation-independent
constrai mvo @3@@&33 In a third aspect, refrigerant is nmechaarsdobygopr ayed
onto the heat transfer surfaces of the evaporator via a distributor with
the heat transfer surfaces being preferably installed with mcro channels
whi ch are in good thermal and nechani cal contact with the heat transfer
surface of the evaporator. In this desiggn, an on-off control valve and a
downstream hernetic or sem -hernetic punp have to be installed between the
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by the punp and delivered to the distributor. This design |s able to
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that heat is dissipated from the condenser through the heat pipe to the environment. An

additional condenser design comprises a micro-channel heat transfer surface and/or stacked
porous matrix with high thermal conductivity.

[0034] In every pair of reactors, when one reactor is being cooled and eventually
functions as an adsorber, the other reactor is being concomitantly heated and eventually
functions as a desorber for a substantially identical period. When more than one pair of
reactors are installed in the electro-adsorption chiller, the operation of each pair of reactor is
advantageously staggered so that the temperature profile in the evaporator can be smoother
than that experienced when only one pair of reactors is being installed in the chiller.

[0035] Further scope of applicability of the present invention will become apparent from the
detailed description given hereinafter. However, it should be understood that the detailed
description and specific examples, while indicating preferred embodiments of the invention, are

given by way of illustration only, since various changes and modifications within the spirit and



porous matrix with high thermal conductivity. [0034] In every pair of
reactors, when one reactor is being cooled and eventually functions as an
adsor ber ,wolg/ootéBer reactor is being concomtantly heat edpPamdGeyentual |y
functions as a desorber for a substantially identical period. Wen nore
than one pair of reactors are installed in the electro-adsorption chiller,
the operation of each pair of reactor is advantageously staggered so that
the tenperature profile in the evapora®er can be snoother than that
experienced when only one pair of reactors is being installed in the
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and wherein Figure 1 is a schematic of an el ectro- adsorption
ij)l Ller [m:mf at ];ﬂgomdbds prsebematmt oiémpalesgmadsqll__tpu@ ah:dzior diithga tﬂﬁOMItbpreSSUer
enbodi ment o res i nvention; i gyr.e is.a schematic of an
el ect r o CARRISIOH Ya6Te a@ﬁ?rﬁ ng/to Rp¢ Yo Mgﬁ?tggpf?gﬁ{éwewga val ve according to
one enbeeiIgnt Plulhe llarﬁfé,@ti&ndﬁ@vephhOélect{ooﬁﬁaipnlahg(tmneﬁmm 2 medvanwbilg of
an el ectro- adsorptl on chiller wwth a spool -valve placed in between the
t her noelsprayed ealve scxording toeans emhodihent of theciresent MVENHIe evapor at or accor di ng

to one eupafll mepk.of tshaes@ag.l%ﬁ@bfw%%@&b%asoégﬁ%%n@ dith g)obﬁv%(éw%ga“ c

of a sp sul rings
i 11 ustr 34 @stwasen (ﬁﬂﬂhahhmaimmda;toxv\bwsemﬂhbe b@abhmrsanﬂ tBe &Papmratot actioeding o
evaporator 1 and _condenser respectively. Figure 4(b) illustrates a

reverse%ﬁ’é@@!ﬂb‘éﬂﬁwmrﬁfd@?ﬁeﬁquﬁ’ﬁ%om( a). Figure 4(c) illustrates an
operati 86‘6’409 ”Ddg‘gme& §s NE&HERAEL VS SoB1VAvE With stiRdtaé ed-rdgemanandprest. 9

and evapora
Figure 4(a) illustrates an operational mode, where the reactors 5 & 12 are linked to
evaporator 1 and condenser 9, respectively. Figure 4(b) illustrates a reverse operational mode
to Figure 4(a). Figure 4(c) illustrates an operational mode where the reactors 5 & 12 are
isolated from condenser 9 and evaporator 1;
[0041] Figure 5 is a schematic of a multi-pair electro-adsorption chiller with a compact
spool-valve arrangement; '
[0042] Figure 6 is a schematic diagram illustrating the principle of operation of a 2-
reactor electro-adsorption chiller; and

[0043] Figure 7 is a typical temperature profile for the various modules in a 2-reactor

electro-adsorption chiller.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0044] Referring to the drawings, Figure 1 illustrates a schematic view of one
embodiment of an electro-adsorption chiller equipped with a flooded-pressure expansion
valve that constitutes one aspect of the present invention. From the evaporator 1, heat is

transferred from the heat spreader or substrate 1a where the latter is in direct contact with a



[0041] Figure 5 is a schematic of a nmulti-pair electro-adsorption chiller
with a conpact spool-valve arrangenent; [0042] Figure 6 is a schematic

di agram iwbuwswi#B3s ng the principle of operation of a 2- r®aEtSi02/00177

el ectro-adsorption chiller; and [0043] Figure 7 is a typical tenperature
profile for the various nodules in a 2-reactor electro-adsorption chiller.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0044] Referring to the draw ngs,
Figure 1 illustrates a schematic view-td- one enbodi nent of an

el ectro-adsorption chiller equipped with a flooded-pressure expansion
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Electricity flows hr.ough eeecrlcal l'eads 19 and 21 to thé
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the reactor 12 via the ﬁa@pe 10 and an on-off valve 11 (which is activated

during bemrverrsd shoyild svaciosddp operstrsias ardesqiber.r om t he reactor 12 into the
condens %04%] u ndﬁéco}cﬂﬁg@f f& zﬁ‘ltother mode of operation (referring to Figure 1), the condenser 9

is opened to the reactor 12 via the pipe 10 and an on-off valve 11 (which is activated during
the desorption mode). Vapour flows from the reactor 12 into the condenser 9 under the effect
of a positive pressure gradient. In this mode, the other end of the reactor 12 is shut to the
evaporator 1 via valve 14. The reactor 12 contains a pre-determined amount of absorbent 12a,
sealed within the finned surfaces 13 on one end and a perforated stainless steel mesh 12b on
the other. Refrigerant is desorbed from the absorbent and heat is received via the finned
surfaces 13. The high temperature of the finned surfaces 13 is maintained by the hot junctions
of the thermoelectric device 6, where the latter is powered by an electric current (DC) from a
power source or battery 20. Electricity flows through the electrical leads 19 and 21.
Depending on the operation mode of the reactor 12, the direction of current can be reversed
should the reactor 12 .be operated as an adsorber.

[0047] In order to ensure that the thermoelectric device 6 operates properly, each of the
two junctions are separately connected in a thermally conductive but electrically non-
conducting manner. This can be achieved by providing ceramic plates between the two

reactors 5 and 12. The thermoelectric device is connected to the battery 20 in such a manner



of a positive pressure gradient. In this node, the other end of the reactor
12 is shut to the evaporator 1 via valve 14. The reactor 12 contains a

pr e- det erwpDrag1adunt of absorbent 12a, sealed w thin thecriSadoigurfaces
13 on one end and a perforated stainless steel nmesh 12b on the other.
Refrigerant is desorbed fromthe absorbent and heat is received via the
finned surfaces 13. The high tenperature of the finned surfaces 13 is

mai nt ai ned by the hot junctions of thélthernoelectric device 6, where the
| atter is powered by an electric current (DC) froma .power source of
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cooling end or a heating end. When operati n& as a cooling end, the reactor
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serially 10 e evapor at or 0 operate as ‘an sor , adsor bl ng” vapour
r ef ri gercantectedaserihlie teethaeoamirator 1 tb operatesastmt denorbat, desarbing vapour nefrigeratren

operating as a heating end, the reactor,.5 or 12 attached to the heating end
i s cool e%’mg&ﬁ‘(am{ﬁoé?‘?rtaﬁ“?St?%t&IQP’éﬂ‘sPﬁ%eboth the condenser 9 and the
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evapor ateg\r/ir(}nrger:n vfiéJ Qf%:[cioo & ltlm}lleé ismleicaeg 95%rtc%ﬁc§£tubes, while the evaporator 1 draws
heat from the heat source surface. The link between the condenser 9 and evaporator 1 is via
small tubes 16 and 18 as well as the expansion valve 17. The configuration shown here is that
of a conventional flooded-U-tube arrangement, and thus no control strategy is offered for the
operation of valve 17.
[0050] Another drawing, Figure 2, illustrates a schematic view of another embodiment of
the chiller, equipped with an electro-mechanical spray nozzle 23 and housed within the
evaporator 1. Together, they constitute another aspect of the claimed invention. An
electrically operated pump or injector 22 is used to inject the liquid refrigerant at a suitable
pressure into the spray nozzles 23. Within the evaporator 1, heat is transferred from the heat
spreader substrate 1a where the latter is in direct contact with a surface to be cooled. Boiling
of refrigerant (e.g., water vapour) takes place within the evaporator '1 and the generated
vapour flows into the reactor 5 via the pipe 2 and an on-off valve 3 (which is activated to be

opened during the adsorption mode) caused by the presence of a positive pressure gradient.



found in a conventional chiller, that is, the condenser 9 rejects heat to
the anmbient environnment via air-cooled finned surfaces 9a or coil ed-tubes,
whil e t hewevapaossas or 1 draws heat fromthe heat source swcfraso@2/odiie |ink
bet ween the condenser 9 and evaporator 1 is via small tubes 16 and 18 as
wel | as the expansion valve 17. The configuration showm here is that of a
conventional flooded-Utube arrangenent, and thus no control strategy is
offered for the operation of valve 1712-[] 0050] Anot her draw ng, Figure 2,
illustrates a schematic view of another enbodi nent of the chiller,
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(referring to Figure 2), the condenser is opened to the reactor 12 Via
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pr edet egunglc?lggs gfr’rgl%pr;oe?éctgg ?lgvrugeeg tw}%ere the latter is powered by an electric current (DC)
from a power source or battery 20. The electricity flows through the electrical leads 19 and
21. Depending on the operation mode of the reactor 12, the direction of current can be
reversed should the reactor 12 be operated as an adsorber.
[0052] The roles of the condenser 9 and evaporator 1 are functionally similar to those
found in any conventional chiller; that is the condenser 9 rejects heat to the ambient
environment via air-cooled finned surfaces or coiled-tubes whilst the evaporator 1 draws heat
from the heat source surface. Spray nozzles 23 can be incorporated that deliver streams of
micro droplets (liquid droplets up to tens or hundreds of microns acting like projectiles)
landing on the heated surfaces of the heat spreader before vaporizing into vapour. The rate of
droplet delivery can be varied digitally by a computerized system through a feedback signal
according to the cooling demand of the evaporator 1. The link between the condenser 9 and

evaporator 1 (other than the reactors) is via small tubes 16 and 18 as well as the expansion

valve 17.



sealed within the finned surfaces 13 on one end and a perforated stainless
steel nmesh 12b on the other. Refrigerant (water vapour) is desorbed from
t he absorwerm/amwds heat is received via the finned surfacesTk&o2/dbe7
tenmperature of finned surfaces 13 is maintained high by the hot junctions
of thernoelectric device 6, where the latter is powered by an electric
current (DC) froma power source or battery 20. The electricity flows
through the electrical |eads 19 and 2413- Dependi ng on the operation node of
the reactor 12, the direction of current can be reversed should the

react or [0®53pe opeplazceatbctrs: amlvat!tgcspb@lrvalf’ft)g@ﬂ)e Thed rrbalé§féhe thnveduentionedr 9
and evapor at, or ctional

convent |68W8F1m&?ﬂ“f I38$ COP%HWCF SNPHET @ﬁ[ﬁe&'&: oL ethgg}rgs%ﬁg&ven 18at ikbu?étnéesm 5i Bnt

envi r oniEdy, Micaidk rofﬁﬁ‘, Qle‘éﬁofaﬂﬁ‘lﬁﬁﬁbﬁé}mﬁ@&ﬁﬁh Qrpl&Z@bie@ﬁrcta\dﬁQStedﬁ@pétﬂivaN@:eZ4
evaporator 1 draws heat fromt heat source surface. Spray nozzles 23 can

be | ncowspadcdahemettlhaiy (:l'éle |fmmtloat0|f gwerapool valyd 24 i5 tel Ptﬁﬂl‘éft §) easeghirentep &prithes up

to tens or ndr ( r | 0 h
heat ed §Wr‘tF£‘¢9§s ’g % ﬁeeac sat %‘b‘? al?deaJt%Blebgg ea%vga%?l’f'ézr in 8@ de%(%gé\}ag‘%lﬁr QVéfhg
rate of ,deARtEEydetimeehid Gﬁ)rbdﬁﬁ)a\tﬂxl’essefhdh@tdaaiolrsytdwe ankam:wthe I‘doZl@:dlSSIyQt em
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evapor atapd exaporsfer Li nk bet ween the condenser 9 and evaporator 1 (other
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[0055] In Figure 4(c), the position of the piston of the spool valve 24 can be manoeuvred
to a null position where the reactors (5 and 12) of each pair of electro-adsorption chillers are
isolated from the condenser 9 and evaporator 1. This switching mode is a requirement of the
batch operation of the electro-adsorption cycle.
[0056] Internally, the spool valve 24 is sealed hermetically with grooves 24a on the
piston 24b. Sealing of refrigerant (under partial vacuum) flowing between chambers is
affected by “o”-rings 24c. Specially designed compartments connect the reactors with fine
flow passages within the valve body, linking them to the condenser 9 and evaporator 1 at
suitable parts of the batch cycle. Movement of the piston 24b during the above-mentioned

“ k24

modes of operation is kept minimal to avoid excessive induced wear on the “o”-rings 24c.

Figure 5 shows a compact design of the device with multiple pairs of reactors and the spool-

valve 24. The reactors and spool valve 24 represent part of the present invention. The



val ve (shown here in Figure 4(b)), the roles of the reactors 5 and 12 in
each pair of electro- adsorption chillers can be switched to adsorber and
desor ber wodemi4eBespectively. This is achieved by the chacgscomodiie
direction of current flow of the power source to the piezoelectric
actuator. Accordingly, the spool piston of the conpact spool-val ve can be
positioned such that the reactors (functioning as a desorber) are swtched
to the condenser 9 and the evaporator-14. [0055] In Figure 4(c), the
position of the piston of the spool valve 24 can be manoeuvred to a null

posi t i oprapiesed pataelr leyait mfclgarozasdgorpppn shilleac proyides agpoost tx thedotad sepling on
chillers ar isolated fromthe gondenser 9.and .evaporator 1. LS.
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el ectro-(ﬁﬂzorgé' on chillers provides a boost to the total cooling capacity
seen by 0 g&rr ator 1, and yet the clainmed invention remains conpactly
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t he bed Similadji svyorpsiopetarisrinenl D to B with DA and AB as the switching and adsorption

intervals. The isotherms associated with the ideal cycle are T, and Ts, which correspond to

the adsorber and desorber bed temperatures, respectively. The cycle is now completed. The

heating and cooling of the two beds 5 and 12 repeat, along with the flow of refrigerant to and

from the condenser 9, evaporator 1, adsorber and desorber. '

[0060] The evaporator 1 design is distinctly important for the envisioned applications for

the following reasons. First, high cooling densities are demanded. Second, the device must be

orientation independent and the incorporation of the pump 22 and spray nozzles 23 would

enable the evaporator 1 to function in a variety of orientations. The nozzles 23 would inject

micro liquid droplets onto a heated substrate 1a.

[0061] The COP of the electro-adsorption chiller can be expressed in terms of the COPs

of the individual adsorption (subscript “ads™) and thermoelectric (subscript “TE”) chiller by

considering the overall energy flows (with all energy flows defined as positive). Referring to

Figures 1 or 2 and 6, the COPs of the individual components are defined as the nominal

cooling rate produced relative to the particular (electric or thermal) power input:



simply by reversing the polarity of battery 20 to the thernoel ectric device
6. Wiat was fornerly the cold junction becones the hot junction, and vice
versa, aswehammedh Figure 6(a). [0059] The ideal adsor ptipen/Sepeh@7ABCD i s
depicted on a plot of the anmbunt of absorbate adsorbed (q) versus the
vapour pressure (P),. as shown in Figure 6(b). The desorption process
comences fromB to Dwith BC as a swtching interval and CDis the cycle
interval. Simlarly, adsorption start®fromDto Bwth DA and AB as the
swi tching and adsorption intervals. The isotherns associated with the
ideal cycle are Tl and T5, which correspond to the adsorber and desorber

bed te 63§ Ur esopresprepi vely. The cycle is now conpleted. The [pating
and coo |ng] of thejftm%beé]s 5 and 12 repeat, along with the fl ow of

refri gefG0e8]t o GOHaps* Qmet/Hu condenser 9, evaporator 1, adsorber &hd

desor be 060l The evapor at 1 design.is distinctly inportant for the
envi si om&gppl '@HV?‘S%&IS&%W OF{?EG‘P‘&%VB%M& reasons. First, high cooling
densi ti e8| e depagedQ Second, the device nust be orientation i@ependent

and the incorporation of the punp 22 and spray nozzles 23 would enable the
evapor a{@66) t oTHawneralber nehCHRMri ety of orientations. The nozzles 23 woul d

i nj ect 1&ro | Ladi d_gyopjgets onto a heated substrate | a. [0061] 4ihe COP
of the gﬁ?@ir -gggﬁf pt °‘6‘h)1§‘hi |l er can be expressed in terns of thgiBCCPS of

the indjogesyal veHShY férh@udtioub$randt(3) enibe)expradsddnmr noel ectric (subscri pt
"TE") chiller b considering the overall energy ;I ows (with all energy
flows d&Qhed @ Pqﬁé%ﬁt@@%ﬁ)- Referring to Fi gure§ N or 2 and 6, the COPS of
t he individual conponents are defined as the nomnal cooling rate produced
relative to the particular (electric or thermal) power input: WO 03/014635
PCT/ SQOpI@9]177 EquibSion G0BaonSORTEthe apuplifitation of the[1G0 €SP whpnbgh=syslemapre QH

2 0064]. Er the .Fiyst Law of Thernmodynam cs, [0065] Pin = QH - Q (3
Eoz)ee][ ?ﬂ@l"@\‘}éﬁg“ro“(g‘?m‘?i{e‘f’%ﬁﬁ\%g”f‘ ] C)C/Pnet = Q[evap} Pin (4) [0068(1 )

\g&g E {000y equpkd Mbve(chhatid 1 @) 5 ¢albtels aesqp%ezsstﬂn@ﬁ;odwmt laFgd@Baling 1 +

). (5) [00691 Equation 5 denonstrates the anplification of the net COP

when boi@dg)pgnm;;a@p@modated with an assembly of many individual modules, as shown in
Figure 5. A single condenser 9 and evaporator 1 would then be interfaced to the modules,
locally or remotely, via a customary spool valve 24.
[0071] Detailed operating schedules for the 2-bed, 4-bed and multi-bed electro-adsorption
chillers are presented in Tables 1 to 3. The plurality of the absorbent beds operating with
either one or more pairs of condenser-evaporator forms a part of the present invention. The
horizontal width of each box shown in the schedules represents the time interval required
with respect to the total cycle time. As an example, the performance of a two-bed electro-
adsorption chiller has been simulated using the specifications listed in Table 4. For these
mentioned parameters, Figure 7 shows a sample of the numerical solutions to these coupled
differential equations. It depicts the predictions of the dynamic temperatures of adsorber 5,
desorber 12, condenser 9 and evaporator 1 for 4 full cycles of the electro-adsorption chiller
operation. As can be seen from these results, cyclic steady state conditions in the chiller can
be achieved in three full cycles. At the specified cooling rate, the net COP of the single

electro-adsorption chiller in this particular situation is about 1.2, which is higher than the

individual COPs of the thermoelectric or adsorption chiller.



synbiotically conbined to operate in tandem [00701 The above equations |
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junction of the thernoelectric nodule or switching from desorber to
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-17 Tabl e 2: Energy
Reactor-1

Hot End React orEmergyiJidlkizatidn Schedudeifor adsreastor glegtso-adspuption Ghills=- 2 Hot End

Hot End Cold End Cold End Rector-3 des sw ads ads sw des \Vps-2 \ps-
Jun-1 pReado]Hot Bnswdol dadnd ol d Bdsl Hot |Esw | Redes or | 4 adslesw de
sw | agfls VPs-2 Vpg-Ppsdun-2 of TE-2 Cold Endq Wetl End Hot | End Col d Eng
Legend] Jaglof TEBFT A7 OQ6WAAdNg | N @d%PERd | O1] gt @adsor ber )Howdmal T §
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desorbrl ™ au:rn: ,f llUd.bt uu lcueﬁ/e:, e SJPHI Lne h [ junction
s or bt SSEIEE bsonbot LB by LA, :m‘:"“:n.::ﬁaw‘%fd* oLt LB o
modul e | Rector-3 des SW sw | des
| Vps-2 Vps-2
Jun-1 of TE-2 Hot End Cold End Cold End Hot End
Reactor-4 ads sw | des des sw | ads
Vps-2 Vps-2
Jun-2 of TE-2 ColdEnd | HotEnd Hot End Cold End
| Legend:

evaporator.

to 2.

Note:

ads: reactor operating in adsorption mode (adsorber)
des: reactor operating in desorption mode (desorber)
sw: switching from adsorber to desorber, i.e. adsorber reactor receives heat from the hot
junction of the thermoelectric module or switching from desorber to adsorber, i.e.
desorber reactor becomes cool by the cold junction of the thermoelectric module.
The reactor operating under this mode is isolated from both the condenser and

Jun-1: hot or cold junction of the first junction of a thermoelectric module.

Jun-2: hot or cold junction of the second junction of a thermoelectric module.
TE-i: i-th thermoelectric module, where i ranges from 1 to 2.
Vps-j: voltage polarity switch for the j-th thermoelectric module, where j ranges from 1

The width of each box is an indication of the relative time duration over one cycle.
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The reactor operating under this node is isolated fromboth the condenser
and evaporator. Jun-1: hot or cold junction of the first junction of a

t her noel eworodo14s88lul e.  Jun-2: hot or cold junction of thecIssowdoy7uncti on
of a thernpelectric nodule. TE-i: i-th thernoelectric nodule, where i
ranges from1l to 2. Vps-j: voltage polarity switch for the j-th

t hernoel ectric nodule, where | ranges from1l to 2. Note: The w dth of
each box is an indication of the rel at#&e tine duration over one cycle. WO
03/ 014635 PCT/ S(02/00177 -18 Table 3: Energy Utilization Schedule for a
mul ti-reactor electro-adsorption Chiller Reactor-1 sw ads ads sw des

Vps-1 V s-1 Jun-i of TE-1 Cold End Cold End .............. Hot End
Reactor-2 swdes des .............. Fablads V PS-1 VPs-1 Jun-2 of TE-1 Hot
End Hot End CoEdergp@tiliRetdat Schedulddsr situltiiteaaids electro-adsorption Chilleps-2 Jun-1
of TE-2 Hot End Cold End Cold End .............. Reactor-4 ads sw des des
------ Reactor-L VP 2w UM %97 [TE-2 Gal'0 ENg FOT, ENd_FOT BOA [ - ges |- - -
React of—= AN UEb N S —— TSW dus N N—Fur=] of
TE- N Ylps'l ct hr  IN _odc ‘\\’B?-l
- Hﬁp |1| o er PREPEE S—— Reactor—2N—ads—— sw des

Vs-N . IW% f:m t;,: .\chzolﬂﬂggld . Coldbnd ~ I pypeeqpppeee | HotEnd

Reactor-2 des des e SW ads

Vps 1 | Vps-1
Jun-2 of TE-1 Hot End HotEnd | ....eeeeen Cold End
Reactor-3 des | sw | ads .
Vps-2
Jun-1 of TE-2 Hot End Cold End ColdEnd | .cceeveneennn
Reactor-4 ' ads sw | des _ des |
Vps-2
Jun-2 of TE-2 Cold End Hot End Hot End ceerereereens
Reactor-(2N-1) des | ciieeerireenn sw | ads | .ieeeerennn
Vps-N '
Jun-1 of TE-N HotEnd | ..... ceresenne ColdEnd | .iceeieevienee
Reactor-2N o sw | des
. - i Vps-N
Jun-2 of TE-N ColdEnd | .iieiivevenen _ HotEnd | .iiecieeecens
Legend:

ads: reactor operating in adsorption mode (adsorber)
des: reactor operating in desorption mode (desorber) :
sw: switching from adsorber to desorber, i.e. adsorber reactor receives heat from the hot
junction of the thermoelectric module or switching from desorber to adsorber, i.e.
desorber reactor becomes cool by the cold junction of the thermoelectric module. The
reactor operating under this mode is isolated from both the condenser and evaporator.
Jun-1: hot or cold junction of the first junction of a thermoelectric module.
Jun-2: hot or cold junction of the second junction of a thermoelectric module.
TE-i: i-th thermoelectric module, where i ranges from 1 to N where 2N is the total even
number of reactors.
Vps-j: voltage polarity switch for the j-th thermoelectric module, where j ranges from 1 to
N. ~
[Note: The width of each box is an indication of the relative time duration over one cycle.




Legend: ads: reactor operating in adsorption node (adsorber) des: reactor
operating in desorption node (desorber) sw. switching from adsorber to
desor ber ,wD.08/014%4830r ber reactor receives heat fromthe hoPCTjS@oediIion of the
t hernoel ectric nodule or switching fromdesorber to adsorber, i.e.

desor ber reactor becones cool by the cold junction of the thernoelectric
nodul e. The reactor operating under this nobde is isolated fromboth the
condenser and evaporator. Jun-1: hot gm.cold junction of the first
junction of a thernoelectric nodule. Jun-2: hot or cold junction of the
second junction of a thernoelectric nodule. TE-i: i-th thernoelectric

nodul e, where i ranges from1l to N where 2N is the total even nunber of
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Ma@e@@ﬁ%pﬂ‘@&ﬂ'ﬂ%‘ﬁé‘ Wfthé‘ﬂﬁﬁonent and mater al

proper t|i owmteripdardpartyhe sinulation code Paraneter or Value or ptive
equatiqgn, with units material prEpemoglethisr noel ectric "Electrical Ple =
(51120.|@lectd6ad. 4Tav + 9362£§1T1200)+ﬂ63@‘($b@7913 10T @finstemhty Thermal A, ~
= Eggg( Tedistivitg/ 7. 7Tav 1317 \2/ 10~ (W C conduct|V| ty Seelbpeck ate
= e 930. blav 0 )
Ther noel c%ﬁ{rlrfdti%t e = ?%%6?1? / g\ﬂél X) 1\% @f’]/ bﬁkg
t her noégt c—Ctou ib‘

Seébeck P e, =(22224.0+93O.6Tav—0.9905Tazv).10‘9(V/K)

coefficient )

Thermoelectric Wie = 7.2x10% (kg/m®)

density

No. of Ncoup =30

thermoelectric

couple

Terminal voltage

v = 0.15 volts per unit thermoelectric element

Isotherm and kinetic equations of the adsorbent and adsorbate pair.

q* = Ko.exp {AHaqs/(RT)} ‘P/[1+{K0/'q . exp{{AH.s/(RT)}.P} "1

Ea

dg(t) 15D,e ®°

40) _ DD (q*-qV)

dt R?

: p

Adsorber/desorber | Apeq = 12x 10 m*
bed heat transfer
area
Specific heat of Cpsg =924 J/kg K
silica gel
Kinetic constant Dy, = 2.54 x10™" m%/s
Activation energy | E, = 4.2 x 10” J/mole

Silica gel mass

M, =2x 10" kg

Heat exchanger
mass including fins

Myx = 25 X10-3 kg

Total surface area | Agurface = 12 x 107 m”

of sorption bed

Averageradiusof |R,=17x10"m

silica gel

Toth constant t; = 17 for type A silica gel.
Monolayer qm = 0.29 kg kg™ for type A silica gel.

capacity




Term nal voltage v = 0.15 volts per unit thernoelectric elenment |sotherm
and kinetic equatlons of the adsorbent and adsorbate pair. q* =

KO. exp{ AHAOBORBP3 . P/ [ 1+{ K-0/q,,, .exp{{OHads/ (RT)}.P} "] PET/Sd9¢/0)17F 15DSae
xr (g*- q(t)) dt RZ P Adsorber/desorber Abed = 12x 10 m bed heat transfer
area Specific heat of Cpsg = 924 J/ kg.K silica gel Kinetic constant DsO =
2.54 x 10 m2/s Activation energy Ea = 4.2 x 10 J/nole Silica gel mass M
= 2 x 10 kg Heat exchanger MHx = 25 x2®0" kg mass including fins Total
surface area Asurface = 12 x 10 n?2 of sorption bed Average radius of Rp =
1.7 X 1Bremxpsnéntca 96|K0T=@(h3£@9)3¢13ﬁ1kgt1<[g"‘k1]a71 for type A silica gel.
Monol ayesnseimt = 0.29 kg kg' for type A silica gel. capacity W 03//014635

PCT/ SQRHRPE hiéat 6120 Hr RO (I.30.9)x T0"8 kg Kg-".KPa" [const ant
| soter Sdéaﬁﬁfo gf A Had S}’?-3‘“"2 %@9}1%?95@' kg adsorption Condenser

, Condenser
Condenser heat Acond = 10x 107 m?

transfer area
Specific heat of Cpux =903 J/kg.K
heat exchanger
Mass of condenser | Mcong =20.12 X107 kg

including fins
Overall heat Ueond = 900 W/m* X
transfer coefficient

Evaporator
Evaporator heat Aevap=2.0x 10" m*
transfer area A
Specific heat of Cpevapm =383.1 J/kgK
heat exchanger
Mass of evaporator | Mevsp =5.1x 10° kg
including fins
Evaporator heat Uevap = 4000 W/m’K
conductance

[0072] The invention being thus described, it will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to one skilled in the art are intended
to be included within the scope of the following claims.

[0073] The followihg references have been referred to by footnote numbers throughout the

specification and are hereby incorporated by reference thereto: |

[1] Drost M. Kevin., Michele Friedrich, Miniature heat pumps for portable and distributed

space conditioning applications, AIChE Spring national meeting, New Orleans, March
1998.

[2] Lee, D. Y. and K. Vafai. Comparative analysis of jet impingement and micro channel
cooling for high heat flux application, Int. J. Heat Mass Tfansfer, Vol. 42, pp. 1555-
1568, (1999).

[3] Yeh, L. T. Review of heat transfer technologies in electronic equipment, J. Electronic
Packaging, Vol. 117, pp. 333-339, (1995).

[4] Schmidt, Roger. Electronics cooling, IBM Corporation, Mailstation P932, (2000).
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Singapore patent handling office, patent pending in Singapore, (1998b).
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16,1990).
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(January 04, 1994).
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Thernoel ectric adsorber, US Patent no. 03734293, (March 04, 1970). [15]

Joji, Kreageydesrpableiofeperating inpadsespsionand desopptionmodes; 11319463, (May 14,
oo L1) Tyl BNl 0y S WSS LI
Toshi kapmw@adcfoifakﬁmfhald(azle@st)ene iRahofwedctbise eaahf ofStirbanh legseomethibireoetectticane
type, J Icz;)hl er vmg 91?1%0%%%? %ep te \)/fecr(r)bmeugctel(i3 inlg %%grinally conductive but electrically
non-conductive manner, each of said at least one thermoelectric chiller being connected to a
DC power source that is able to perform a voltage polarity switch so that each of said two
junctions is capable of operating as a heating end and a cooling end, said DC power source
being capable of supply varying power to each of said at least one thermoelectric chiller; and
a control device for controlling a process time interval, said pressure isolation device,
the at least one valve between the at least one pair of reactors and said at least one condenser
and said at least one evaporator, the voltage polarity of the DC power source, and the power
supply by the DC power source to each of said at least one thermoelectric chiller, wherein
one of said two junctions operates as a cooling end, one of said at least one pair of reactors
attached to said cooling end being cooled down while it is isolated from said at least one
condenser and said at least one evaporator and subsequently connected serially to said at least
one evaporator to operate as an adsorber adsorbing vapour refrigerant from said at least one
evaporator for a substantial period of time, and wherein a second of said two junctions
simultaneously operates as a heating end, the other of said at.least one pair of reactors
attached to the heating end being heated up while it is isolated from said at least one
condenser and said at least one evéporator and subsequently connected serially to said at least

one condenser to operate as a desorber desorbing vapour refrigerant to said at least one

condenser for a substantially identical time interval.



[ 18] Takiya, K. and Negishi Nariaki. Absorbing apparatus, JP patent no.
07185248, (Decenber 28,1993). WO 03/014635 PCT/ S&2/ 00177 -22- What is
cl ai med w0 03/014885 el ectro-adsorption chiller assenbly conmpCirsiGegooi7at | east
one condenser for cooling refrigerant; at |east one evaporator for cooling
a location to be cooled, said at | east one evaporator being connected to
said at | east one condenser by a pressure isolation device to provide a
refrigerant circuit; at |east one pair-23f reactors connected to said at

| east one condenser and said at |east one evaporator through at |east one
valve so as to provide a refrigerant circuit such that each reactor is
capabl e of operating in adsgrpt ion and desorf)ti on nodes; t one

. t | .
thermoel ectri® chi Theplecpradgrpion ehiller pessmblioAecordiag foalEey 1+ Bhere sed
being grow, egolfa%li}]‘a@ﬁp,e?sfaﬁ %-@f@ﬁre#}sﬁ?ﬁskdﬁﬁﬁgfi@hfe ere[t&?ﬁ% Bhe of B Brod

e I'fler having t

said at T east one thernoelectric. " ¢C junctions sepdrately
connect embnkistigg dMetectminhagneiie) puedimate, hydraelic ahd salad-btate poswer.conduct i ve
manner, each of said at | east one thernoelectric chiller being connected to
a DC power source that is able to performa voltage polarity switch so

that each of gaid 'rmp_elewé%éoag%ﬂ ShiflBPaREALRS 2 QREdiRL 10 LIAR & WRBlid daignd
and a cooling end, said DC power source being capable of supply varying

power t ressute isflatei devate is edbodeht-tendr noel ectric chiller; and a control
device for controlling a process tine interval, said pressure isolation
device, the at |east one valve between the at | east one pair of reactors

and said at lgast e cleomnsiadsoeptionndillle@hsiembly eatdtdifg@o QYAMOI divlEreid B&d
vol tage polarity of the DC power source, and the power , supply by the DC

power sdiessare isolatien dsvicgaisongrated hytonsnel theeeiaye| easisting ohjql¢ctiomagnetic n

one of i j 4. 0 r . i k l.egst
one. pai skt UGl SRY' B RoR%, Sl StcF by ARl Coifiinale 18R, |
it is isnkaeddlf camestdheaneticastendriermetingemp dor sprdyisgirefrigerantasto oheat
evapor at or_ and sugzegyenélﬁl connected serially to said at | east one

evapor at§Fhangenseiage o1 sud ahleasi 08¢ BEPOLiYor bi ng vapour refrigerant from said
at | east one evaporator for a substantial period of time, and wherein a
second of said two junctions sinultaneously operates as a heating end, the
ot her of said at |Bustleghneagmiptians chillerc assemblyaecarding te slaimel.hwherehy sadd

bei ng h%%s%greupsofﬁﬂgrll edeiv}cei i3 Ap%?alt@& %9 (Iz{eog} ﬁﬁ' gro%b éo%@ﬁ{ing "¢ electromagnetic,
pneumatic, hydraulic, and solid-state power, said chiller assembly further comprising at least
one serially connected hermetic or semi-hermetic pump for distributing the refrigerant onto a

heat exchanger surface of said at least one evaporator with a jet-impingement technique.

6. The electro-adsorption chiller assembly according to claim 1, wherein said
pressure isolation device is a flooded U-bend, said chiller assembly further comprising at
least one serially connected pump for spraying refrigerant onto a heat exchanger surface of

said at least one evaporator.

7. The electro-adsorption chiller assembly according to claim 1, wherein said
pressure isolation device is a flooded U-bend, said chiller assembly further comprising at
least one serially connected pump for distributing the refrigerant onto a heat exchanger

surface of said at least one evaporator with a jet impingement technique.



condenser and said at | east one evaporator and subsequently connected
serially to said at | east one condenser to operate as a desorber desorbing
vapour rewpiogeisns to said at | east one condenser for a ®arscGasveally
identical time interval. W) 03/014635 PCT/ S&2/ 00177 -23 2. The

el ectro-adsorption chiller assenbly according to claim 1, wherein said
pressure isolation device is an on-off-pressure reducing val ve operated by
one of the group consisting of electréﬁagnetic, pneumati c, hydraulic, and
solid-state power. 3. The electro-adsorption chiller assenbly according to
claim1, wherfein sEieelegraadsomiionshillariassemidy jaseorflingorqlaimdbvhersiarsaid at
The el egf r.p- i.0 i I rdi . i rel ai d
or essur &L SRETLE s EiRoBLY 1L E ip@aRF g ohe BF B olP chiiflsR dFekrenbiRb® oF

el ect r opa@aetle@ric, pramiatt, 1o drawid| @id dolid-sedelpswed. d- st at e power, said chiller
assenbly further conprising at |east one serially connected hernetic or
sem -hernetic punp for spraying refrigerant onto a heat exchanger surface

of said at |east THe it eQe{cﬁBff)rtinnghiE%? aS‘s'eﬁl%y Qc‘c%ﬁglﬁg (E’)én E@ﬂnfihl:v’hlex‘%in @éc%ec{?)' y

according to“clai rern-sail ressure 1so evite I's operated
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and solid-state. power, said chiller assepbly further conprisjng a east
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with a jet-inpingenment technique. 6. The el ectro-adsorption chiller
assenbl theswodeetringchilterc baifl mdsh materiel beisgileratgsk e qugide € ghelt pbHraidgeaddersi s a

fl ooded_\) d, saikd. chiller | her conprising at |east one
seriall {/enéct’o{g%é%% adb 6%%%8tf°8§tl§e%§l§j§/l?%§%rcé#fre?‘ger ant onto a heat exchanger
surface of said at |east one evaporator. 7. The el ectro-adsorption chiller
assenbly according to_clai Qsl, wherei n sai pressure iso] ation device is a

f1 ooded U-betl, sdiha destiorasgsorpdion Ahilierasrampidy aceordinesionglaim 1, mhigsgin dhere
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exchanger urface sal | east one evaporator with a jet inpingenent
t echni qoee eXaPoOR¢GdE3Hl RERsSaEYonddrer by 24pel valye. el ect r o- adsor pti on
chiller assenbly according to claim1l, wherein said at

11.  The electro-adsorption chiller assembly according to claim 1, wherein there
are a plurality of pairs of said reactors connected in parallel with each other, each pair of said
reactors is connected to the said at least one evaporator by at least one valve and separately

connected to said at least one condenser by another at least one valve.

12. A method of cooling with an electro-adsorption chiller assembly, said method
comprising the steps of:

providing at least one condenser for cooling refrigerant,

providing at least one evaporator for cooling a location to be cooled, said at least one
evaporator being connected to said at least one condenser by a pressure isolation device to
provide a refrigerant circuit;

providing at least one pair of reactors connected to said at least one condenser and
said at least one evaporator through at least one valve so as to provide a refrigerant circuit

such that each reactor is capable of operating in adsorption and desorption modes;



| east one valve is a spool valve operated by one of the group consisting of
el ectromagnetic or pieozoelectric, pneumatic, hydraulic, and solid-state
power. 9.woOha/oeieett r o- adsorption chiller assenbly accordi RrgTiSGoeh@TM 1,
wherein each of said reactors in each of said at | east one pair of
reactors conprises an adsorbent material sealed within a funmed surface on
one side and a nesh material on the other, said finned surface being

| ocated on a side of each of said reacjqors adjacent said at | east one
thernoel ectric chiller, said mesh nmaterial being | ocated on a side of each

of said reacg dd'v?dm% %f"?éa@t &Fé)fﬂeﬁﬁdéile&ﬁc LRARE, ARCoft Hifd BPRhAGE hedhddldctic 10.
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chiller, oné of sali | east one thernnelectrlc chiller being provided
for eacmmhodactdcamlkeast one palr of reactors, each of said at |east one
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one condenser and said at least one evaporator and subsequently connected serially to said at
least one evaporator to operate as an adsorber adsorbing vapour refrigerant from said at least
one evaporator for a substantial period of time; and '

simultaneously operating a second of said two junctions as a heating end, the other of

said at least one pair of reactors attached to the heating end being heated up while it is
isolated from said at least one condenser and said at least one evaporator and subsequently

connected serially to said at least one condenser to operate as a desorber desorbing vapour

refrigerant to said at least one condenser for a substantially identical time interval.

13.  The method of cooling with an electro-adsorption chiller assembly according
to claim 12, wherein said pressure isolation device is an on-off-pressure reducing valve, said
method further comprising the step of operating said on-off pressure reducing valve by one of

the group consisting of electromagnetic, pneumatic, hydraulic, and solid-state power.

14.  The method of cooling with an electro-adsorption chiller assembly according

to claim 12, wherein said pressure isolation device is a flooded U-bend.



is able to performa voltage polarity switch so that each of said two
junctions is capable of operating as a heating end and a cooling end, said
DC power wousoessBei ng capabl e of supply varying power topreadieoohoigai d at

| east one thernoelectric chiller; and providing a control device for
controlling a process tinme interval, said pressure isolation device, the
at | east one valve between the at |east one pair of reactors and said at

| east one condenser and said at |east gge evaporator, the voltage polarity
of the DC power source, and the power supply by the DC power source to
each of said at |east one thernoelectric chiller; operating one of said
two junctions as a cooling end, one of said at | east one pair of reactors
attached to g4 d dhelmethod nficindinggwitlo ah etbcttovadsavptibe chiller assemblyas@drdingm
said at |east_ _one condenser and said at | east one evaporator and
subsequihtlpyn L fHeberegnyrisig the steps @i d at | east one evaporator to operate
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evaporator for a substantial period of tinme; “and sinultaheously operating a
second efecsamagtetio, pnenotatioiydemilie, elolidgtanpowehe ot her of said at | east
one pair of reaaglgﬁors atIachEed to the hﬁ@%i ng end being heated up while it
is isol at edSYHOM CIPEFILE 3 LALONGPUMD, A nser and sai d at | east one

evapor at or - ageha$iBSemi4eRint ¥ntoGANAEEERAnER shAhd Yol RiBAi16asBbné HAPbraddtowith
condenser to operate as a desorber desorbing vapour refrigerant to said at
| east osaidsenal eqted pegmBubst antial ly identical tinme interval. 13. The
nmet hod of cooling with an el ectro-adsorption chiller assenbly according to
claim 12, wherein said pressure isolation device is an on-of f-pressure
reduci ng val ¥6, sgihd méthéd oflcddlinigheith anrbsctreiadgorptien shidler aésempdyr adcordingai d
on-of f pressure reducing valve by one of the group consisting of

el ect r ofglaet 12, fughensemnrisingibestsey 9%, and solid-state power. 14. The

nmet hod of cogli P gheCtitas IO ChILLI S y i di
Claim 12, whoPe e R e ey ont; & (AE BT e dRhEne ®fo
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el ectro- adsor%ifn chiller assenbly according to claim12, further
compri sing t R SeEneRng A add” s 2i'q pressure i sol ation device by one of
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solid-state power; serially connecting at |east one punp; and
evaporator with a jet-impingement technique.

to

17.  The method of cooling with an electro-adsorption chiller assembly according
to claim 12, wherein said pressure isolation device is a flooded U-bend, said method further
comprising the steps of:

serially connecting at least one pump; and

spraying refrigerant onto a heat exchanger surface of said at least one evaporator with

said serially connected pump.

18.  The method of cooling with an electro-adsorption chiller assembly according
to claim 12, wherein said pressure isolation device is a flooded U-bend, said method further
comprising the steps of:

serially connecting at least one pump; and

distributing the refrigerant onto a heat exchanger surface of said at least one

evaporator with a jet-impingement technique.



spraying refrigerant onto a heat exchanger surface of said at |east one
evaporator with said serially connected punp. 16. The nmethod of cooling

wi th an eWeaBmnmteagisorption chiller assenbly accordi ng toPclraGoe/ad;77furt her
conprising the steps of operating said pressure isolation device by one of
the group consisting of electromagnetic, pneumatic, hydraulic, and
solid-state power; serially connecting a punp; and distributing the
refrigerant onto a heat exchanger surﬁ?gg of said at | east one evaporator
with a jet-inpingenment technique. 17. The nethod of cooling with an

el ectro-adsorptio ' . oxdi j | [
pressure isol @t i onnn%g\k} Hl:lga iog%Q&F@oﬁggﬁﬁé%é%dsé%tﬁh%%%czfs ?6\8@?% gg&ra&gd
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with an = s | ke i rding to claim11l2, wherein
sai d pré@%%?ééﬁggﬂgﬁpgﬁhgggﬁgghkgﬁg%?ﬁggg%%pff%gnd, sai d nethod further
conprising the steps of serially connecting at |east one punp; and
distributing the refrigerant onto a heat exchanger surface of said at |east
one evaporator wits a jet-inpingenent techni que. WO 03/014635

PCT/ S@Q02/ 00177 -27 19. The method of cooling with an el ectro-adsorption
chiller assenbly according to claim12, wherein said at | east one valve is
a spool valve, said nethod further conmprising the step of operating said
spool val ve by one of the group consisting of el ectronmagnetic or

pi eozoel ectric, pneumatic, hydraulic, and solid-state power.



