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(s7) ABSTRACT

In a cooling apparatus, air ivithin a room is tirst introduced
into a radiator-type adsorber (I), ivhere moisture contained
in thc air is adsorberl by A-type silica gel. Thc resulting
loiv-huniidity air is subscqucntly introrluccd into a dcsorp-
lion cooler (5), where moisture is tlesorbed irom B-type
)thea el, thereby humithfying aml cooling the air. The
resulting low-temperature air is then used for cooling When
a cooling capacity of the cooling apparatus is lowered, air
from a heat source is introduced into the radiator-type
arlsorbcr (I), where the nioisture is dcsorbed from thc A-type
silica gel, thcrcby rccovcring thc adsorbability thcrcof Thc
hi h-humidity air resulting from the desorpuon of the mois-
ture is subsequently introduced into the desorplion cooler
(5), where lhe moisture contained in the air is adsorbed by
the B-type silica el, thereby recovering the rlesorption
cooling capacity thereof.
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1

COOI,INC APPARATUS AND COOI,INC
SYSTEM UTILIZING ADSORBENTS

FIELD OF THE INVENTION

Thc prcscnt invention rclatcs to a cooiing apparatus and a
cooling system utilizing adsorbents.

BACKGROUND OF THE INVENTION

Onc of conventional coolin apparatuses utilizing adsor-
1(i

bcnts is rhscloscrl in Unexamined Iapancse Patent Publica-
tion No. 5-115737.

In thc cooling apparatus disclosed in this publication, a
high-humidity air is brought into contact with an adsorbent
to be turnerl into a low-humidiiy air, aml Ihe low-humidity
air is humithiied by a humulilier, thereby removing heat of.

vaporization ot'ater from the lnw-humidity air. In this
manner, the temperature of the low-hmnidity air is lowered
and the humidity thereof is made high The resulting low-
tcmpcraturc air is then utilized for cooiing.

In such a cooing apparatus, however, humiditicatinn is
compulsorily carried out for cooiing air by means of thc
humirhficr. Bccausc of such compuisory humidification, it
somctimcs happens that a moisture content in the air dis-
charged into a room goes beyond a saturated vapor amount,
whtch results in generation of a mist. In these cases, Ihe
humidity of air inside the ronm is made excessively high,
and amenity is thus lost in the room

Also, Ihe aforementioned cooling apparatus comprises a
humiditier itself, a pipe arrangement for supplying ivater to
the humiditier, and a feed ivater tank for stnring water for
humirhfication. This means that thc entire cooling apparatus
is made complicated in structure and large in size.
Additionally, it is ncccssary to frequently resupply water
into Ihe feed water lank and, consequently, such manage-
ment of water in Ihe teed water lank is very bothersome.

The aforementioneil trouble in Ihe resupply of water into
the feeil water tank could be reduced by utdizing service.
water, grouml water, or Ihe like, which is suppherl from a
water supply system tixedly provided lloivever, on the so
premise that water supplied from such an immovable ivater
supply system is utilized as water for humidification, thc
coolin apparatus should be disposed in a fixed position as
well, which means that the cooling apparatus would not be
usable, for example, as a cooling apparatus ior automobile zs
use.

SUMMARY OF THE INVEN11ON

The present invention was marie to solve the aforemen-
tioned problems. More particularly, one obtect of. Ihe inven-
tion is to provide a cooling apparatus which is capable of
cooling by humidification, without the necessity of compul-
sory humidification by means of a huniiditier, the humidi-
fication bmng pcrformcd within a ran e in which a saturated
vapor amount is not exceeded. Also, the other obiect of. Ihe.

invention is to provide a cooling apparatus which ts capable.
of cooling by humuhlication, without utilizing water from a
feed water tank with which resupply ot'ivater is required, or
from an immovable water supply system

In order to attain the aforementioned objects, according t(&

a brat aspect of the invention, there is prnvided a cooling
apparatus composing:

an adsorber m which moisture contained in air in a floiv
path is adsorbed by a first adsorbent;

a radiator in which heal of. the air in the flow path is as
radiated nut of the flnw path via a heat conductive
member;

a desorption cooler m which moisture is demirbed from a

second adsorbent into Ihe air m the flow path, thereby
cooling thc air in thc floiv path,

blast means for tlowing the air through the flow path, said
flow path runmng from an inlet of air, via the admirber,
Ihe radiator aml the desorption cooler, to an outlet of
air;

ouflet swiiching means for switching the outlet of air
from/to an inside of a room to/from an outside thereof,
and

heating means for heating the hrst adsnrbent in the
adsorber such that the moisture is desorbeil from the
lirst adsorbent.

In this first cooling apparatus, thc absorber is a dcvicc
where thc air flowed thereinto is brought into contact with
the tirst adsorbent and then tlowed out thereof. A specific
structure of the adsorber is not particularly restricted. I or
example, it may be composed of a case forming the flow
path of the air, the case being lilled with the lirst adsorbent.
Altcrnativcly, it may bc composed of wali surfaces forming
thc flow path of thc air, thc first arlsorbcnt being applied onto
the &vali surfaces. Other&vise, it may be composed of a case
or wall surfaces forming the tlow path of the air, the case or
Ihe wall surfaces i&sell/Ihemselves being iormed out of a
composition contaimng ihe lirst adsorbent as a main com-
ponent.

Thc radiator is a device whcrc the air flowed thcrcinto is
brought into contact with the heat conductive member and
then flowed out thereof The heat conductive meml&er needs
Io be capable of. removing heat irom Ihe air in the tlow path
and then transfernng the heat to Ihe outside of the flow path.
As such a heat conductive member, not by way of rcstmction
but by ivay of example, fins or a plate formcrl out of a metal
having a high heat transfer coefficient (such as copper,
aluminmn, or any alloy containing these) may be used In
Ibis case, heal can be removed from Ihe air in the flow path
bv means of. heat exchange between Ihe air in the tlow path
anil an outside air. Altcrnativcly, a pipe arran cment may bc
provided usin the metal having a high heat transfi:r coef-
ticient to be used as the heat conductive member. In this
case, heat can be removed from the air in the flow path by
means of heat exchange between the air in the flow path and
a coolin ~ meihum, such as cooling water or the like, tlowing
throu h thc pipe arrangenicnt.

The dcsorption cooler is a device where thc air flovud
thereinto is im&ught into contact ivith the second adsorl&ent
and then flowed out thereof As with the specific structure of
Ihe adsorber, the desorpuon cooler may be compose&i of a

case formmg the flow path of the air, the case being lilled
vvith thc second arlsorbcnt. Alternatively, it may bc com-
posed of avail surfaces forming thc flow path of the air, thc
second adsorbent bein applied onto the wali surfaces
Otherwise, it may be composed of a case or wall surfaces
forming Ihe flow path of the air, the case or Ihe wall suri'aces
itself/themselves being formetl out of a composiuon con-
tainin thc second arlsorbent as a main component.
However, it is not ncccssary that the specific structure of thc
desorption cooler should be the same as that of the adsorber

The blast means is provided to tloiv the air through the
flow path running Irom the inlet of air Io the outlet thereof
and may be realized, for example, by disposin a blower,
such as a motor fan or the like, in the iiow path. Such a
blower can bc disposed in any position between thc inlet of
air and the outlet thereof, as long as the tlow nf air through
the flow path from the inlet of air to the outlet thereof is
perm&led.

The outlet switching means is resized, for example, by
disposin ~ a damper, or the Itke, which is capable of selec-
tively tlowing the air through one of two courses of the fluid
path
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The heaung means can be any means that is capable of
heating the first adsorbent in the adsorber. I'or example, if
there is available an applicable heat source, such as ivaste
heat generated hy operation ot' factory, solar heat or the
like, means for introducin into the adsnrl&cr thc heat
obtained from such a heat source may bc prnvidrd. In thr
case of the cooling apparatus for automobile use, means for
introducing into the adsorber the heat generated from an
automobile engine is aLso possible If there is no such heat
sources available, heat generating means, such as a heating
wire, may he provided tn generate heat utilizing electric
power. In this case, thc midni ht power, which is less
cxpcnsivc, may bc utilized.

According to the cooling apparatus having the aforemen-
tioned structure, by switching Ihe outlet of air to ihe inside.
of the room by means of the outlet switching means, and hy
activating the blast means ivithout activating the heating
means, the air introduced from the inlet of air is flowed
through thc adsorbcr, thr radiator, and thc desorption cooler,
ancl then clischargcd into thc room. This operational status is zn

heretnaf ter referred to as a cooling mode. As Io the inlet of.

air, if cooling elliciency is only considered, il is demrahle
that the air should be introduced from the inside of the room;
however, if ventilation is alan taken into consideration, the
air may he introduced from the outside nf the room zs
Accorclingly, any means may br provided for thc inlet of air
such that thc air can br selectively introduced from either of
the inside or outside of the room, or such thai it can be.

introcluced from both sides at Ihe same nme.
During the operation in the cooling mode, in the adsorher, .in

moisture contained in the air is adsorbed hy the first
adsorbent, and the humidity of the air is thus lowered. Also,
a heat of adsorption is gcncratrd by thc adsorptinn of thr
moisture, and this heat of adsorptinn rises the temperature of
the air. The resulting air of a lower humidity and a higher is
temperature is then tlowed into the racfialor. Subsequently, in
the radiator, the heat of. Ihe air is radiated out of Ihe flow
path, and the temperature of the air is thus lowered. 'I'he

resulting air nf a In&ver temperature is then floived into the
dcsorption cooler. Subsequently, in thc desorption cooler, an

mocsturc aclsorbcd by the second adsnrl&ent during the
operation in a reproducing mocfe (as descnbed below) is
desorbed from the seconcl acfsorbent. With this desorpnon of
the moisture, heal is removed from Ihe air with ihe result that
the temperature of the air is further lowered I'he resulting as
air of a further Ioivered temperature is then discharged into
thc room, thcrcby accomplishing cooling ivithin thc room.

Now, if this cooling apparatus is cnntinuously operated in
the afi&rementioned cooling mode, a quantity of ihe moisture
that can be adsorbed by the first adsorbent in the adsorber is sn

gradually reduced, while a quannty of Ihe moisture that can
he desorhed from the second adsorbent in the desorption
cooler is gradually reduced I fere, hy switching the outlet of
air to thc outsiclc of thc room by means of thc nutlct
switching means, and by activating thr heating means as ..
well as the blast means, the air introduced from Ihe inlet of
air is tlowed through the adsorber, the racfialor and Ihe.

desorplion cooler lo he cfischarged out of Ihe room. This
operational status is hereinafter referred tn as the reproduc-
ing mnde. As to the inlet of air, the air may be intrnduced an

from cithcr or both of thr inside or and thc outside of thr
room Howcvcr, if it is dcsircd that the air in the room, vvhich
has alreacfy been coolecf lo some cfegree, shou lcf be prevenleci
from being dischargecf oulmcle, Ihe air is preferably intro-
duced from Ihe outside of Ihe room. 65

Switching between the cooling mnde and the reproducing
mode may he manually nperated hy a user, nr may be

automatically operated at a reserved time, or may be auto-
mancally operated on the basis of temperature or humidity
conditions in the inside or outsiclc of thc room

Durin thc operation in thc rcproclucin mode, in thc
adsorber, the first adsorbent is heated by the heatmg means,
and with this heating, the mnisture adsorbed hy the first
adsorbent during the operation in Ihe cooling mode
desorbed therefrom. As a result, Ihe lirst adsorbent is repro-
ducccl and its capacity for nioisture absorption is rccovcrccl
again. Thc air that has been risen in both temperature and
humidity in the adsorber is then tlmved into the radiator
Subsequently, in the radiator, the heat nf the air is radiated
out of. the flow path, anil the temperature of the air is thus
lowered. W'ith Ibis lowenng in temperature, the relauve
humidity of thc air is further risen. The resulting air of a
lower tcniperaturc and a higher humidity is then flowcd into
the desorption cooler. Subsequently, m the desorption
cooler, moisture contained in the air is adsorbed by the
second acfsorbent, from which moisture has been desorbed
dunng the operation in the cooling mmle. As a result, the
second adsorbent is saturated with the adsorbccl moisture,
and its capacity for desorption cooling is thus recovereci. The
air flowed out of. the desorption cooler is then discharged out
of the room

As mentioned above, with this first cnoling apparatus, air
is cooled by the desorption of the moisture frnm the second
adsorbent in thc dcsorption cooler ancl, thcrcforc, there is no
possibility that a moisture content in thc air clischar cd into
Ihe room might exceed a saturalecl vapor amount, and
generauon of a mist can Ihus be prevented, unlike the case
&vith a conventional cooling apparatus in &vhich humidifica-
tion is compulsorily preformed by means of a humidifier for
cooling air Accordingly, the humidity of the air in the room
is ncvcr made cxccssivcly high, and thus, amenity is not lost
inside thc room, compared to thc case of humidification by
means of a humichlier.

Also, since it is unnecessary lo provide a humidifier itself,
a pipe arrangemenl for supply oi. water to Ihe humidifier, nor
the like, the entire structure nf the cnolin apparatus can be
made compact

Furtherniore, thc moisture clcsorbed from thc second
adsorbent is thc moisture collcctccl from thc air by thc first
adsorbent dunn ~ Ihe operation in the cooling mode and
transferred lo Ihe secoml adsorbent dunng the operation in
Ihe reproducin ~ mode anil, therefore, provision of a feed
&vater tank for storage of &vater for humidification, or use of
a water supply system for supplying service water or ground
vvatcr as water for humiclification is not required. As a result,
it is no longer necessary to take the trouble in resupply of
water into Ihe lead water tank. In addiuon, since the water
supply system, which is immovably provided, is not neces-
sary lo be used, a cooling apparatus not to be located in a
fixed position, for example, a cnolin apparatus to be
installed in an automobile, can be realized as &veil.

In this cooling apparatus, thc air is blown, by the blast
means, in the sante clircction in both of thc cooling and
reproducing modes. Accorclingly, Ihe blast means can be
controlled more easily, compared to the case where switch-
mg control for direcnons in which Ihe air is blown is
required. Also, as to the means for s&vitching courses of the
flow path of the air, provision nf at least the aforementioned
outlet switching means sufficcs. Accordin ly, the outlet
switchin means can be controlled morc easily as veil,
compared to the case where a ix&mpltcated switching control
for the courses of the llew path is necessary to be performed
by means of a lot of dampers or the like.

According to a second aspect of the inventinn, there is
provided a cooling apparatus comprisin:
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a racfiator-type mlsorber in which moisture contained in
air in a floiv path is adsorbed by a first adsorbent and
a heat nf adsorptinn generated by the adsorption of the
moisture is radiated out ot'he flow path via a heat
conductive member;

a radiator in which heal of the air in the flow path is
radiated oul of the flow path via a heat conducive.
meml&er;

a dcsorption cooler in which moisture is desorbcd from a
second adsorbent into thc air in thc flow path, thereby 1(i

cooling the air in the flow path,
blast means for flowing the air through the flow path, said

flo&v path running froin an inlet ot'ir, via the radiator-
typc adsorbcr, thc radiator and thc dcsorption cooler, to
an outlet of air;

outlet switching means for switching Ihe outlet of air
from/to an inside of a room tn/frnm an outside thereof;
and

heating means for heating thc first adsorf&ent in thc zo

mfsorber such that the moisture is cfekorbed from Ihe
first adsorbent.

This second cooling apparatus is provided ivith the
radiator-type adsorber, instead of the adsorber provided in
the fnregning first cnoling apparatus In the radiator-type zs
adsorbcr, moisture contained in thc air in the flow path is
adsorbccl by thc first adsorbent, which is also carried out in
the adsorber in the foregoing first cooling apparatus. In
mfcfiuon, in the radiator-type adsorber, a heat of adsorption,
which is generated by the adsnrption of the moisture, is .io

radiated out of the floiv path via the heat cnnductive
member, which is nnt carried out in the adsorber in the
fore oin first cooling apparatus. As specific forms of thc
heat conductive mcmbcr for usc in thc radiator-type
adkorber, those of the heal comluctive member for use in Ihe is
radiator can arbitrarily be used. By acfopting such a radiator-
type adsorber, the Iirst adsorbent becomes more diflicull io
rise m temperature, compared to the case of use of the
adsorf&er in the foregoing first cooling apparatus.

Thc second coolin apparatus with thc radiator-type fo
absorber is also capable of opcratin in the aforementioned
cooling mode. More particularly, as in Ihe lirsi cooling
apparatus, by switching the outlet of air to the inside of. Ihe.

room by means of the outlet switching means, aml by
activating the l&fast means ivithout activating the heating as
means, air cnofing can be accnmpfished inside the ronm

As aforcmcntioncd, the first adsorf&ent disposed in thc
rachator-type adsorbcr is morc difficult to rise in temperature
and, therefore, the adkorbabilily per unit quantity of. ihe Iirkt
adsorbent in the radiator-type adsorber ik m;ufe higher than so

that of the first acfm&rbenl disposed in the absorber in the Iirkt
cooling apparatus. Accnrdiugly, with the same quantity of
the brat adsorbent, the second cnoling apparatus with the
radiator-type adsorbcr can be operated in the cooling niode
continuously longer than thc first coolin apparatus with the ..
mfsorber Otherwise, for continuous operations in ihe cool-
ing mode for the kame length of. time, the second cooling
apparatus with the racfiator-type adsorber requires a smaller
amount of the first adsorl&ent compared to the first cooling
apparatus with the adsorl&er ln the latter case, the radiator-
typc adsorbcr can be made compact, thereby rcalizin min-
iatunzation of thc coolin apparatus itself.

Also, the second cooling apparatus with the radiator-type
adkorber is capable of: operating in the aforementionecf
reproducing mode as well. More particularly, as in ihe Iirkt ks

cooling apparatus, by switching the outlet of air to the
outside nf the ronm by means of the outlet sivitching means,

and by activaung Ihe healing means as well as lhe blast
means, the adm&rbabdity of. Ihe Iirst adsorbent can be recov-
ered ancl thc second adsorbent can bc saturatccl with thc
aclsorbcd moisture.

According to a third aspect of the invention, there is
provided a cooling apparatus comprising:

a radiator-type adsorbcr in which moisture contained in
air in a floiv path is adsorbed by a tirst adsorbent ancl
a heat of adsorption generated by the adsorption of the
moisture is radiated out of the tlmv path via a heat
conductive member;

a desorption cooler in ivhich moisture is desorbed from a
second acLsorbent into the air in the tlow path, thereby
cooling the air in lhe flow path,

blast means for flowing thc air through thc flow path, said
floiv path running from an inlet of air, via the radiator-
type adsorber and the desorption cooler, tn an outlet of
air;

oullei switching means fi&r switching Ihe outlet of air
from,&to an inside of a room to&from an outsicle thereof;
and

heating means for heating the first adsorbent m the
adsorber such that the moisture is desorbed from the
first adsorbent

This third cooling apparatus has thc same structure as thc
forcgoin second cooling apparatus, except that the radiator
is removed therefrom.

The third cooling apparatus having no radiator is also
capable of operatin in the aforementioned coohng mode
More particularly, as in the tirst and second cooling
apparatuses, by sivitching the outlet of air to the inside of the
room by nicans of thc outlet switchin means, and by
activating the blast means without activating thc heating
means, air coolin ~ can be accomplished inside lhe room.

Difl'erenfiy from the foregoing Iirkl and second cooling
apparatuses, there is no radiator provided in the third cooling
apparatus. Iloivever, since the third cooling apparatus has
the radiator-type adsorber ivhich is the same as that of the
second cooling apparatus, thc heat of adsorption can bc
outwarclly rclcascd from the radiator-type adsorbcr. In other
words, the Ihird cooling apparatus can be realizecf on the
premise that Ihe rachalor-type aclkorber has a sufficiently
high heat radiating capacity. fly removin the radiator, the
entire structure of the cooling apparatus can be made more
simple

Also, the third cooling apparatus having no radiator is
capaf&le of operating in thc aforementioned reproducing
mode as welL More parucularly, as in the lirkt ancf second
cooling apparatuses, by switching the outlet of air to lhe
outside of. the room by means of the outlet switching means,
and by activating the heating means as well as the blast
means, the adsorbability of the hrst adsorbent can be recov-
ered ancl thc second adsorbent can bc saturatccl with thc
adsorbecl moisture.

Accorchng to a fourth aspect of Ihe invenuon, in addiuon
lo the structure of any of. the foregoing lirkt through third
cooling apparatuses, the cooling apparatus may further com-
prise at least one auxiliary cooling mechanism having

flow diverting means fi&r diverting part of the air tlowing
through a main course of the tloiv path to a side course
thereof;

an auxiliary dekorption cooler in which moisture is des-
orbed from the second adsorbent into the air flowing
through the side course of the tloiv path, thereby
cooling thc air in the side course of thc flow path; ancl

a heat exchanger by ivhich heat exchange is allowed
bet&veen the air in the main course of the flow path and
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the air in the side course thereof:, which has been cooled
by the auxiliary desorplion cooler, thereby cooling Ihe
air in thc main course of thc flow path,

the at least one auxiliary cooling mechanism heing dis-
posed in an upper course of thc flow path rclativc to thc
dcsorption cooler such that the air cooled by passing
through the main course of the flow path in ihe at least
one auxiliary cooling mechanism is subsequently
flosved into the desorption cooler

in this fourth cooling apparatus, the auxiliary cooling
mechanism is provided in the upper course of the floiv path
rclativc to thc dcsorption cooler, more particularly, it is
provided in thc flow path between thc radiator and the
desorplion cooler in the case of. the structure of lhe lirst or
seconcf cooling apparatus, ancf in the flow path between lhe.

radiator-type adsorber and the desorption cooler in the case
of the structure of the third cooling apparatus

Also, one or more auxiliary cooling mechanisms may be
provided, and each of thc auxiliary cooling mechanisms is
composed of the flow diverting means, thc auxiliary des- zo

orpnon cooler ancf the heal exchanger. When ihe fourih
cooling apparatus is operated in the coohng mode, the air
diverted and intrnduced, by the floiv diverting means, into
the side course of the floiv path is a low-hmnidity air that has
already passed through the adsorber. Accordingly, once the zs
low-humiclity air is flowe into thc auxiliary dcsorption
cooler, moisture aclsorbcd by thc second adsorbent during
the operation in the reprocfucing mode is desorbed there-
from With this cfesorpnon of. Ihe moisture, heat ts removed
from the air, and thus, the temperature ot'he air in the side .io

course of the flow path is lnwered Subsequently, in the heat
exchanger, heat exchange is allnwed betiveen the air in the
main course of thc flow path and the air in the side course
of thc flow path, which has bern cooled by the auxiliary
desorplion cooler, thereby cooling lhe air in the mmn course is
of the flow path As a result, the mr flowing through lhe main
course of the flow path has an absolute humdity equal to that
of the air having passed thrnugh the adsorber and a tem-
perature lower than that of the air having passed through the
adsorbcr only. Accordingly, by flowing the resulting air so
throu h thc dcsorption cooler, thc air finally dischar cd into
the room can further be coolecf.

On the other hami, when the fourth cooling apparatus is
operated in the reproducing mode, lhe air chverled and
introduced, by the flow diverting means, into the side course as
of the flow path is a high-humidity air that has been
humichficd with thc reproduction of thc first adsorbent in thc
aclsorbcr Accordingly, once the hi h-humidity air is flowe
into the auxiliary desorplion cooler, moisture is adsorbed by
the second acfsorbenl. As a result, the second adsorbent is so

saturatecf with lhe adsorbecf moisture ancf lhe desorption
cooling capacity of the second adsorbent is thus recovered

in cases where two or more auxiliary cooling mechanisms
arc providccl, they arc usually arranged in series such that the
air having passed through thc niain course of thc flow path ..
in the lirsl auxiliary cooling mechanism subsequently passes
through the main courses of. the flow path in lhe secoml aml,
if any, further auxiliary cooling mechanisms in turn. By this
arrangement, the air can be cnofed in stages by passing
thrnugh each nf the plurality of auxiliary confing mecha-
nisms. It is aLso possible to arrange two or more auxiliary
cooling mechanisms in parallel, morc particularly, to arrange
them on each of two or more branch flow paths, the branch
liow paths being separated in midstream of lhe enure flow
path aml merging into each other again. Tn this case, lhe air ss
introduced into each of the branch floiv paths only passes
through one of the plurality of auxiliary cooling mechanisms

and, therefore, the air is not rxiolecl in stages, unlil e the case
where the plurally of: auxiluiry cooling mechanisms are
arranged in series.

According to a fifth aspect of thc invention, thcrc is
provided a cooling apparatus in which:

the first adsorbent has a 10rrf or more dilTerence between
its moisture alisorption pcrcentagc at 0'7c relative
huniiclity and that at 50% relative humiclity; and

thc second adsorbent has a 10% or morc chffcrencc
lictwcen its moisture alisorption perccntagc at 60%
relative humiclity and Ihal at 100"le relative humidity.

ln this fifth cooing apparatus, an adsorbent having a
difierence of 10% or more between ils moisture absorption
percentage at a relative humidity of 0% and that at a relative
humidity of SO'yr is used as the hrst adsnrbent. As a
rcprcscntativc example of such an adsorbent, a silica gcl of
a micro-pore type having an avera c porc size of approxi-
mately 2 lo 5 nm ffor example, A-type silica el) can be
given. Also, an adsorbent having a dilTerence of 105!c, or
more beiween its moisiure absorption percentage at a rela-
tive humidity of li0% and that at a relative humidity of 100%i

is used as the second adsorbent As a representative example
of such an adsorbent, a silica gel of a mezzo-pore type
havin an average pore size of approximately 5 to 10 nm (for
example, B-type silica gel) can be given.

ln the lifth coolin ~ apparatus, the lirst adsorbent has a
hi h adsorbability in a relatively low-humicfily atmosphere
and, therefore, the first adsorbent is preferably used to obtain
a loiv-hmnidity air in the coolin mode. On the contrary, the
second adsorbent is capable of adsorbing a large quantity of
moisture in a relatively high-humiclity atmosphcrc. ln
addinon, lhe secxind adsorbent has a temfency to relauvely
easily desorb the moisture adsorbed thereonto, compared to
lhe aforementioned lirst adsorbent. Accordingly, the second
adsorbent is preferably used to humidify the air in the
cooling mode

Now, each of thc foregoing coolin apparatuses can
rccovcr its cooling capacity through thc operation in thc
reproducing mode, following the operanon in the cooling
mode. However, there is a limit to the cooling performance
by each of the foregoing cooing apparatuses, since they can
provide no cooling eiTect ivhile heing operated in the repro-
ducing mode.

Such a limit is not a serious problem if operating hours in
the reproducing moclc can be sufiicicntly secured following
continuous operating hours in thc cooling moclc, cspeciafly,
m cases where, for example, in a factory or the fice, the
cooling apparatus is operatecl in lhe cooling mode dunng the
day, and operated in the reproducing mode durin the night

However, in cases ivhere even a bare minimum of oper-
ating hours in thc reproducing mode can not bc sccurccl
followin the continuous operating hours in thc cooling
mode, a time durin which the cooling apparatus is capable
of: conunuously operanng in the cooling mode next ume is
shortened and, therefore, lhe cooling capacity of the cooling
apparatus is deteriorated in a short period of time

in order to solve the aforementioned problem, according
to a sixth aspect of the invention, thcrc is proviclcd a cooling
system comprising a plurality of cooling apparatuses as
mentioned above, whcrcin

each of thc plurality of cooling apparatuses is operated in
two operational modes; onc of thc tivo operational
modes bemg a cooling mode in which the outlet of air
is switched to the mside of the room by means of the
outlet switchmg means and the blast means is activated
ivhile the heating means is not activated; the other
heing a reproducin mode in which the outlet of air is
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switched to Ihe outside of Ihe room hy means of Ihe.

outlet switching means and the heating means as weil
as the blast means are activated; and

thc two operational modes arc alternately repeated by
each of. the plurality of. cooling apparatuses, while.
control is marie in such a manner that at least one of Ihe.

plurality of. cooling apparatuses is operated in Ihe.

cooling mode
In this cooling system, the plurality nf cooling appara-

tuses arc respectively opcratcd in thc two operational modes '"
rcpcatcdly hy turns. In addition, control is always niadc in
such a manner that at least one of the plurality of cooling
apparatuses is operateil in the coohng mode. As a result, as
soon as the cooling capacity of one of the plurality of.

cooling apparatuses falLs below a necessary level, another
cooling apparatus can lie started tn operate in the cooling
mode. In this manner, a continuous coolin of air is made
possible.

By adopting this cooling system, cooing can be per-
formml without problems even in cases where the operaung
hours tn the cooling mode near( lo be longer than ihose in ihe.

reprnducing mode, especially, even in cases ivhere a fuil-
time operation in the cooling mnde might be required.

BRIEF DESCRIPTION OF THE DRAWINGS zs

The present invention will now be i(ascribed, by way of
example, with relerence lo Ihe accompanying drawings, in
which:

FIG. 1 is a block dia ram of a cooling apparatus accord- io
ing to a first cmbodimcnt of the invention;

FIG. 2 shows an example of a radiator-type mlsorber,
I'IG. 3A is a perspective vieiv of an example nf a

dcsorption cooler, and FIG. 3B is a pcrspcctivc view of a
honeycomb formed body arranged therein;

FIG. 4 is a perspective view of an adsorber having no
heat-exchanging means;

FIG. 5 is a block dia ram of a cooling apparatus accord-
ing to a fourth embodiment of thc invention;

FIG. 6 is a blocl ihagram of. an auxihary cooling mecha-
nism providerl in a cooling apparatus according tn a fifth
embodiment of the inventinn;

FIG. 7 is a block diagram of a cooling systcni according
to a sixth embodiment of the invention, aml as

I'IG. 8 is a flow chart showing an operation of the cooling
system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS so

[First Embodiment]
As shoivn in I'IG. I, a cooling apparatus accnrding to a

first embodiment comprises a radiatnr-type adsnrher I, a
radiator 3, a tlcsorption cooler 5, a blower 7, a first daniper
8 and a second damper 9, all of which arc connected by ..
means of a pipe arrangement 11.

As shown in FIG. 2, the radiator-type adsorber 1 is a
multi-shelves adsorber of a heal-exchanger type. The
radiator-type adsorber I comprises a housing 15 having
openings 151 and 152 at both ends, a large number of ac
metallic plates 17 horizontally disposed inside the housing
15, a metallic conduit 19 penetrating thc housin 15 and thc
melalltc plates 17, aml lilling layers 20 lilled with A-type
sihca gel, Ihe tilling layers 20 heing disposed between Ihe
melalltc plates 17 adjacent to each other. Air sent by Ihe as
blower 7 is fiowed into the housing 15, via one end thereof,
and tlowed through spaces between the large number of

metaflic plales 17, aml then flowetl out of Ihe housing 15, via
Ihe other end thereof. W'hen the air passes through the spaces
bctwcen thc metallic plates 17, thc air is lirought into contact
ivith thc A-type silica cl Thc opening 151 is an inlet of thc
air, and the opening 152 is an outlet thereof

L'ach of the metallic plates 17 is a tin plate of 10 cm hy
20 cm, and twenty metallic plates 17 are disposed in parallel,
being spaced out hy 5 mm, within the housing 15. As
aforcmcntioned, thc spaces lictwcen the metaflic plates 17
adjacent to each other arc tilled with thc A-type silica gcl,
however, there are gapa ensured for passage of air

The metallic conduit 19 is a copper pipe having an outer
diameter of. 6 mm aml having a shape, as shown in FIG. 2,
in which the pipe is turned up anil down with a predeter-
mined spacing. Cooling water is flowed through thc inside
of thc metallic conduit 19. The metallic contluit 19 functions
as a heat conductive member of the radiator-type adsorher I
More particularly, the metallic cnnduit 19 is capable of
trans(erring a heat of adsorption, which is generateil when
moisture is adsorbeil by Ihe A-type silica gel in the radiator-
typc atlsorbcr 1, to the cooling water flowin through thc
metallic conduit 19, aml then emiuing the heat of adsorption
out of ihe radiator-type adsorber 1.

The A-type silica el fillin the spaces between the
metallic plates 17 has a high adsorbahility in a relatively
low-humidity range, a difference between its moisture
alisorption perccntagc at Oc/a relative humidity and that at
60c/a rclativc humidity (icing I0% or more.

The raduiior 3 is a known crossflow heat exchanger, in
which heal of Ihe air passing through a flow path interiorly
provided is transferred to tins arran ed outside the tloiv path
and the fins are ivinded to facilitate radiation of the heat

The desorption cooler 5 is, as shown in I l(i. 3A, com-
posed of a heat insulatin housing 21, made of hartl urethane
foam, having openings 211 and 212 at both ends anil two
honeycomb formed bodies 23 arranged in the heat insulaung
housing 21.

Each of the two honeycomb formed bmlies 23 is, as
shown in I'IG. 38, a formed body having a honeycomb-like
internal structure, and formed out of a compositinn com-
posed of B-type silica gel (corresponding to a second
adsorbent in thc invention) as a main component, with an
appropnaie amount of. biniler or the hke added thereto. The
B-type silica gel has a high adsorbabilily in a relauvely
high-humidity ran e, a difference between its moisture
aiisorption percentage at (i0% relative humidity and that at
l(hflr/a relative humidity being tfl'7r or more. Also, both of
thc tivo honeyconih formed bodies 23 have the same outcr
shape and the same ivcight, thc former being a cylinrlrical
shape of. 10 cm in diameter anil 10 cm in height, and the
lalier being 200 g for each.

The blower 7 is a device for tlowing the air through the
pipe arrangement 11 (corresponding to blast means in the
invention) In this embodiment, a knmvn fan, which is
capable of sending air by means of revolution of a propcllcr,
is used as the blower 7.

The lirst damper 8 is a device for switching an inlet of air
from/to an inside of a room torlrom a heat source
(combmauonal use of Ihe lirsi damper 8 anil the heat source
corresponding to heating means in the inventinn) By
switching the inlet of air to the heat source, the A-type silica
gel in the ratliator-type adsorlicr I is hcatctl. In this
cmbotlimcnt, ivastc heat eniitted from plant facilitics is
uulized as the heal source.

The second damper 9 is a tlevice for switching an outlet
of air from/to the inside of the room loifrom an outside
thereof (corresponding to nutlet switching means in the
invention)
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In the cooling apparatus having the aforemennoned
structure, by switching the inlet nf air to the inside of the
room by means of the lirst damper 5, by sivitching the outlet
of air to the inside of the ronm by means of the second
damper 9, by circulating coolin water in thc metallic
conduit 19 in thc radiator-type adsorbcr I, and by activating
the blower 7, Ihe air introduced from the inside of lhe room
is dischargerf into the room, aller passing through Ihe
radiator-type adsnrber I, the radiatnr 3, and the desorption
cooler 5. This nperational status is referred to as a cooling in
mode.

When thc cooling apparatus is operated in thc cooling
mode, in thc radiator-type adsorber 1, moisture contained in
the air is adsorbed by Ihe A-type sdica gel, aml Lhe humidity
of Ihe air is thus lowered. Although a heat of. adsorpuon is
generated by the adsnrption nf the moisture, the heat of
adsorption is transferred to the metallic conduit 19 tn be
outwardly radiated by the cooling water, thereby preventing
an cxccssivc risc in temperature within thc radiator-type
a(lsorbcr I. o

In this connection, when the air having a lemperauire of.
30'. anil a relative humidity of: 50% was flowed into the
radiator-type adsorber I in such a manner that the nutlet
velocity nf air ives I g m/s, temperature reached up tn (ifl'
within the radiator-type adsorber I, without the circulation "s

of cooling water in thc metallic conduit 19. On thc contrary,
with thc circulation of cooling water of 25', in thc metallic
comluu 19, a rise in temperature within the rmhalor-type.
mlsorber I was rerfucml to such a degree that the temperature.
within the radiatnr-type adsorber I reached 45' at a .io

maximum. Smce the adsorbability per unit quantity of the
A-type silica gel is higher at an atmospheric temperature of45'. than at an atmospheric temperature of 60'., it can
bc sai(l that heat radiation from within thc radiator-type
adsorber 1 contributes to an improvement in a capacity of. is
adsorption in the radiator-type mlsorber 1.

Now, the air flowed out of the radiator-type adsorber 1 is
flowed intn the radiator 3, ivhere the temperature nf the air
is lowered up to a temperature apprnximately same as the
outside air tcmpcraturc (for example, 30'.). Thc air is then so
flowcd into thc dcsorption cooler 5.

In Ihe desorplion cooler 5, moisture is desorbed from Ihe.

B-type silica gel With the desorption of. the moisture, heat
is removeil from the air anil, consequently, the temperature.
of the air is loivered below the outside air temperature 'I'he as
air nf which the temperature has thus been loivered is finafly
discharge(l into thc room, thereby achieving coolin in thc
room

In fact, when the air was 29.7'. Ln temperature and 3%
in relauve humidity after flowing oul of the raduuor 3 anil so

before flowing into the rfesorplion cooler 5, il was 13.2'.
in temperature and 7I% in relative humidity after floiving
out of the desorption cooler 5

As thc cooling apparatus is continuously operated in the
cooling mode, thc adsorbabiiity of thc A-type silica gcl in ..
the radiator-type arfsorber 1 is gradually lowered. At Ihe.

same lime, Ihe desobabilily of the B-type mlica gel in Ihe.

desorplion cooler 5 is grarfually deteriorated as welL The.
time until the cooling capacity has substantially been lost
depends nn the quantities of the A-type and 13-type silica
gris, thc amount of an air blow, tcmpcrature and humidity
conditions, or thc like. In addition, cooiing capacities
requirerf by users dilfer. Therefore, a crilenon on Ihe basis of.

whtch it is determined that the cooing capacity has been lost
may be changeil accordingly. For example, it can be deter- es
mined that the cooling capacity has been lost when a
difference betiveen the temperature of the air flowed intn the

radiator-type adsorber I aml Lhe temperature of the air
flowed out of the desorption cooler 5 is smaller than a
predetermined value Otherwise, it may lie determined that
the cooling capacity has been lost when the temperature of
thc air flowcd out of the rlcsorption cooln 5 simply cxcceds
a target tcmpcraturc. Also, by assuming a model case with
a specific slruclure of. an apparatus and with an average
Lemperalure comhlion, an average continuous cooling time
can be calculated in advance I'hen, it is possible to estimate
the time during ivhich the cooling capacity of the cooling
apparatus will have been lost only on the basis of this time
condition.

In any case, when it appears that thc coolin capacity has
been lost, by switching Lhe inlet of air to the heat source by
means of: the lirsl damper 5, by switching Ihe outlet of air to
the outside of the room by means of the secnnd damper 9,
by stopping the circulation of the coolin water in the
metallic conduit 19 in the radiator-type adsorber I, and by
activating thc blower 7, a hi h-tcmperaturc air intro(luce(I
from the heat source is (lischar crl outside thc room after
passing through the radiator-type adsorber I, the radiator 3,
and the desorplion cooler 5. This operauonal status
referred to as a reproducin mode.

When the coolin apparatus is operated m the reproducing
mode, in the radiator-type adsorber I, the A-type silica gel
is hcatcd by thc air introduced from the heat source, which
results in (lcsorption of the moisture a(lsorbcrl by thc A-type
sihca gel during the operauon m the cooling mode. As a

resuli, Ihe A-type silica gel is reproduced to remtver ius

capacity for moisture aixsorption. Subsequently, the hi h-
temperature air of ivhich the humiditv has been risen in the
radiator-type adsorber I is flowed into the radiator 3, where
thc tcmpcrature of thc air is lowered up to a tcmperaturc
approximately same as the outside air tcmpcrature (for
example, 30'.). Then, Lhe air is flowed into the desorpuon
cooler 5.

In Lhe desorpnon cooler 5, Ihe moisture conlainerl in Lhe

air is adsorbed by the 13-type silica gel, from which moisture
has been desorbed during the operation in the cooling mode,
with thc result that thc B-type silica gel is saturated with thc
adsorbs(l moisture and its capacity for dcsorption cooling is
thus recovered. The air lloweil oul of: the desorplion cooler
5 is linally ihschar ed ou(side Ihe room.

As mentioned above, m Lhe cooling apparatus accorrhn ~

to this embodiment, cooling of air is achieved by desorption
of moisture from the 33-type silica gel m the desorption
cooler 5. In this case, a nioisture content in thc air (lischar crl
into thc room never goes beyond a saturate(l vapor amount
and generation of. a mist is thus prevented, unlike the case
where humidificauon is compulsonly performerl by means
of: a humiihlier in a conventional coohng apparatus. As a
result, with the use of the coolin apparatus according to this
embodiment, the humidity of the air in the room is not made
cxcessivcly high an(l, thcreforc, amenity is not lost inside thc
room, compared to thc case of humi(litication by usc of a
humidilier.

Also, in the case of Ihe cooling apparatus according Lo this
embodiment, il is unnecessary lo provide a humidifier itself,
a pipe arrangement for supply of ivater to the humidiher, or
the like and, therefore, the entire structure of the cooling
apparatus can bc made conipact.

Furthcrmorc, the nioisture desorbcd from the B-type silica
gel in the desorpnon cooler 5 is the moisture collected from
Ihe air by the A-type sihca gel in Ihe radiator-type adsorber
1 dunn ~ the operation in the cooling mode, anil then
transferred to the 13-type silica gel in the desorption cooler
5 during the operation in the reproducing mode. This means
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that provision of. a iced water tank for storage of water for
humiditication, or use of a water supply system to utilize
service water or grnund water as ivater for humidification, or
the hke is not necessary at all. Accordingly, the trouble in
resupplying water into thc feed water tank can bc saved.
Morcovcr, since thc water supply system, which is immov-
ably provideil, is not utilized, a cooling apparatus, for
example, lor automobile use, which is not to be locaterl in a
fixed positinn, can be realized as ivell

In adrlition, in the cooling apparatus according to this
emboihment, directions in which the air ts blown by the.

lilower 7 are the same in both ot'he encl ing and reproducing
modes. ALso, the blower 7 can be kept activated all the time
rcgarrllcss of these operational modes, which makes it
unncccssary to control thc blower 7 each time the opera-
tional modes arc switched over. In other words, compared to
a cooing apparatus in which switching control for the air
blowing directions is required, control of the blower 7 is
easier in the cooling apparatus according to this emlxidi-
ment o

With respect to the means for sivitching courses nf the
fiow path of thc air, provision of at least thc second daniper
9 will do. In this case, controi of thc second damper 9 is also
easier, compared to the case where a complicated switching
control for such courses of the fiow path is necessary to be.

performed by means of. Several dampers. Here, in the above.
described embodiment, the first damper 8 is also provided
for selective introduction of the air from the heat source
Instcarl, heating wires or the like may bc provided in thc
rarhator-tvpc adsorbcr I for thc purpose of hcatin repro- "'uction

A preferred embodiment of the present invenuon has been
described above, however, the invention is, of course, not
restricted to such a specific embndiment and may be prac-
ticed nr emliodied in still other ways, withnut departing from
the subject matter thereof Several nther embodiments ivill
now bc dcscribcrl below, focussin on diffcrcnccs from the
foregoing first embodiment and avoiding rcpctition of ref-
erence to the common parts.

so
[Second Emboihment]

In the foregoing Iirst embodiment, the heat of adsorption
is outwarrlly emitted liy means of the heat conductive
member provided in the radiator-type adsorber I Instead of
the radiator-type adsorber I, as shown in FIG. 4, a multi-
shclvcs-tvpc adsorber 100 comprising no heat conductive
mcmbcr, or no heat exchanger, may be used. The other
components of. the ailsorber IUU are the same as those of. the
radiator-type adsorber I as shown in FIG. 2 and, therefore,
they are denoted by the same reference numerals anil
descriptinn thereof is not repeated here

In the case ot'se of such an adsorber 100 with no heat
conductive mcmbcr, thc temperature within the adsorbcr 100
tends to reach higher compared to thc case of use of the
radiator-type adsorbcr 1. Accordingly, the adsorbability per ss
unit quantity of an adsorbent (the Iirst adsorbent) disposed in
the arlsorber 100 is detenorated; however, this can be made.

up for by increasing an absolute quantity of the adsorbent to
lie used, and in this case, there will be no problem as long
as a sufficicnt space for installation of thc coolin apparatus „ti
is available.

Also, in thc case of usc of thc adsorber 100 having no heat
conductive member, there ts no possibdity of loss of. heat in
the adsorber 100, via the heat conductive member, at the
time of heating reproduction of. the rulsorbent disposed in the ss
adsorlier 100, which results in an efficient use of the heat
applied for such heating reproductinn into the adsorber 100

[Third Embodiment]
In the foregoing first embodiment, after the heat of

adsorption is outwardly radiated by means of the radiator-
type adsorber I, the heat remaining in the air is further
rarliated by means of thc radiator 3. Alternatively, in cases
vvhcrc thc capacity for heat rarliation of the rarliator-type
adsorber 1 is sufiiciently high, the radiator 3 may be
removed. In this case, the enure structure of the cooling
apparatus can be simplitied because of removal of the
radiator 3
[Fourth Embodiment]

In thc foregoin first cnibodimcnt, the high-tcmpcraturc
air is introrluccd from thc heat source by means of thc first
damper 8. Instead of. use of the lirst damper 8, or in addiuon
thereto, hot water heated at the heat source may be intro-
duced into the absorber for heating ivithm the adsorber In
this case, another pipe arrangement may be prnvirled appro-
priately only for the purpose of introducing the hot water
into thc adsorbcr. Otherwise, thc metallic conrluit 19 pro-
virlcd for thc purpose of cooling may bc modifie such that
the hot water can be selectively introducerl into the metallm
coniluit 19 anil, in the reproilucing mode, the metallm
conduit 19, ivhich is ori inally a heat conductive member for
heat radiation, is also capable of functioning as means for
heating the adsorber

As a cooling apparatus adopting such structure, a cooling
apparatus to bc installed in a car is shown in FIG. 5 The
cooling apparatus 200 incluiles an all-in-one cooling unit
205 comprtsmg a radiator-type adsorber ZIU, a radiator 230,
and a desorption cooler 250 Althou h the radiator-type
adsorber 210, the radiator 230, and the desorption cooler 250
are respectively the same as those in the hrst emborhment,
in this embodiment, these components arc all connected anil
intcgratcrl as onc unit. In arldition, in front of thc radiator
230, a fan 240 fiir sending cooling air to the radiator 230 is
provideil.

Duwn ~ the operanon in the cooling mode, cooling water
having a relatively loiv temperature (for example, 25' ) is
supplied from a coolin water tank 260 for storage of
cooling water into a metallic conduit 219 of thc radiator-type
adsorber 210. On thc other hanrl, during thc operation in the
reproducing mode, cooling water having a relatively high
temperature (for example, 80') is supplied (rom a radiator
270 for cooling an engine, by way of an engine system 280,
into the metallic conduit 219 I or switching the supply
betiveen the relatively low-temperature cooling water and
thc relatively hi h-tcmperaturc cooling water depending on
thc operational modes, dampcrs 208 anil 209 arc conncctcd
to either encl of the metallic ixrnduit Z19 of the radiator-type
adsorber 210.

A(so, during the operation in the cooling mode, air is
supplied from a cabin of the car into the radiator-type
adsorber 210, while during the operation in the reproducing
mode, air that has been heated in thc cn inc system 280 is
supplied into thc radiator-type arlsorbcr 210 for heating
thereof. More specilically, it is preferable to supply air that
has been heated by an engine of the car into the raihator-type
adsorber 210. Alternauvely, in the case of a turbocharged
car, part of air that has been heated by a turbocharger may
be supplied into the radiator-type adsorber 210

Now, operation of thc cooling apparatus as shown in FIG.
5 is rlcscfillcrl.

When the cooing apparatus is operated in the cooling
mode, air in the cabin is first introduced, via the damper 8,
into the cooling unit 205, anil tloweil through the radiator-
type adsorber 210, the radiator 230, and the rlesorption
cooler 250, and then discharged into the cabin via the
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damper 9. Al the same time, in this cooling mode, cooling
water sent from the cooling water tank 260 is introduced, via
the damper 208, into the metallic conduit 219 nf the radiator-
type adsnrber 210 and retunied, via the damper 209, tn the
cooling water tank 260, theref&y cooling the radiator-type
absorber 210. Functions of each coniponent in the cooling
mode are as cfescnbed so far, and lhe description is not
repeated here Although it is not illustrated in FIG. 5, a pump
is incorpnrated in the cooling ivater tank 260 for the purpose
of sending out the cooling water 1(i

In order to sivitch frnm the cooling mode to the repro-
ducing mode, each of the damprrs 8, 9, 208 and 209 is
switched over. When thc cooling apparatus is operated in the
reprocfucing mode, air tal en from lhe atmosphere into lhe.

engine system 280 is introduced, via lhe damper 8, into lhe.

radiator-type adsorber 210. flic introduced air has been
heated in the engine system 280 I'he high-temperature air is
flowed thrnugh the radiator-type adsorber 210, the radiator
230, ancl thc dcsorption cooler 250, and then discharged to
thc outside of thc car via thc damper 9. At thc sante time, in ao

this reproducing mocfe, cooling water having a relauvely
high temperature, which has been heated in the engine
system 280, sent from the radiator 270 is introduced, via the
damper 208, into the metallic conduit 219 of the radiator-
type adsorber 210 and returned, via the damper 209, to the zs
radiator 270. Functions of each component in the reproduc-
ing mode arc as clcscribcd so far, and thc description is not
repeated here.
[Fifth Embocfiment]

In the foregoing first embodiment, the air floived out of .ill

the radiator 3 was directly flowed into the desorption confer
5 Alternatively, if it is desired that the temperature of the air
flowccl out of thc dcsoprtion cooler 5 into the room should
bc made much lower, an auxiliary cooling mechanism 300,
as shown in FIG. 4, may be providecf between lhe radiator is
3 ancf the desorplion cooler 5.

The auxiliary cooling mechanism 300 compnses a pipe
arrangement 310 (correspnnding to flniv diverting means in
the invention) for sending part of the air flowing thrnugh a
main flow path 310n into a side flow path 310b, an auxiliary so
dcsorption cooler 330 for coolin thc air flowing throu h the
stele flow path 310b by having moisture desorbed from
B-type silica gel (corresponcfing lo the second mlsorbenl in
the invention) into the air in lhe safe flow path 310b, aml a
heat exchanger 350 for cooling the air floiving through the as
main floiv path 310u by heat exchange between the air in the
main flow path 310a and the air in thr side flow path 310b
that has bccn cooled by thc auxiliary dcsorption cooler 330.
Although the auxiliary desorption cooler 330 ts namecf
differently from lhe cfesorplion cooler 5, this ts to male a so

disunclion between the two ancf their bamc structures are lhe
same.

When the cooling apparatus is operated in the cooling
mode, thc air flowing through thc pipe arrangcmrnt 310 is
a low-humidity air, that has already passed through the ..
racks for-type adsorber 1. Accorcfingly, once the low-
humuhly air is flowmf into lhe auxiliary desorplion cooler
33U, moisture is desorbecf from the B-type silica gel dis-
posed therem. By this desorptinn of the moisture, heat is
removed from the air, thereby lowering the temperature ao

thcrcof. Then, by thc heat cxchan er 350, heat exchange is
allowed bctwccn thc air in the main floiv path 310a and thr
air in the side flow path 31Ub that has been cooled by the
auxiliary desorplion cooler 330, thereby cooling lhe air in
the matn flow path 31Uo. As a resuh, the air in lhe main flow ss
path 310n is a low-humidity air of which the absolute
humidity is the same as that of the air having passed through

lhe raduitor-type adsorber 1. In addiuon, the temperature of
lhe air in the main flow path 31Uo is lower than that of the
air bavin merely passecl through thc racliator-type adsorber
1. Accorclingly, fiy flowing this air through thc dcsorption
cooler 5, the temperature of the air finally dischar ed into the
room can further be lowered On the other hand, when the
cooling apparatus is operalecl in lhe reproducing mode, the
air llowin ~ through the pipe arrangement 310 is a high-
huniiclity air, that has ficen humidified by the reprocluction of
the A-type silica gcl disposccl in thc racliator-type adsorber
I Accordingly, once the high-humidity air is flowed into the
auxiliary desorption cooler 330, moisture is adsorbed bv the
B-type silica gel to such an extent that the B-type silica gel
is saturated with the adsorbed moisture, and ius capacity for
dcsorption cooling is thus rccoverccl.

Two or more auxiliary coolin mechanisms 300 as men-
tioned above may be provided accordin to need In this
case, the tivo or more auxiliary cooling mechanisms 300 are
usually arranged in series such that lhe air having passed
through the main flow path of the lirst auxiliary mtoftn ~

mechanism 300 subsequently passes through thc main flow
path of. lhe seconcl auxdiary cooling mechanism 3110 and, if
more, through lhe main flow paths of further auxiliary
cooling mechanisms 300 in turn In this manner, the air can
be cooled in stages by passing through each nf the plurality
of auxiliary cooling mechanisms 300

However, it is also possible to arrange the two or more
auxiliary coolin mechanisms 300 in parallel, more
particularly, to arrange them on each of two or more branch
flow paths, which are separated m midstream of the enure
flow path and merge into each other again In this case, the
air introduced into each of the branch tlow paths only passes
through one of the plurality of auxiliary cooling mechanisms
300 ancl, thcrcforc, thc air is not cooled in stages, unlike thc
case ivhcrc thc plurality of auxiliary cooling mechanisms
300 are arranged in series.

In cases where, as menlionecl in the foregoing third
embodiment, the radiator 3 is removed, lhe auxiliary cooling
mechanism 300 can be disposed betiveen the radiator-type
adsorber I and the desorption cooler 5

[Sixth Embodiment]
In thc foregoing first through fifth cmfiocliments, each

sin le cooling apparatus has been described. In the case of
use of. such a single cooling apparatus, however, operauons
m the cooling mode and in lhe reproducing mode are
alternately repeated and, therefore, there is a hmit to hours
during which cooling effects can be obtained contmuously

In order to deal with this problem, a plurality of cooling
apparatuses as aforemcntioncd may be used to build a
cooling system, in which the two operauonal modes are
alternately repeated by each of: lhe plurality of cooling
apparatuses, while control is made in such a manner that at
least one of the plurality of cooling apparatuses is operated
in the cooling mode. Such a cooling system is preferably
realized as folloivs.

As shown in FIG. 7, a cooling system 400 comprises a
phirality of. cooling apparatuses, for example, three coolin ~

apparatuses 41U, 42U aml 430, amf a main controller 45U I'or

conlrolhng operauons of these cooing apparatuses 410, 4211

and 430. Also, sub-controllers 415, 425 and 435 are pro-
vided in the cooling apparatuses 410, 420 and 430,
rcspectivcly, for controlling thc rcspcctivc coolin appara-
tuses upon reception of control signals from thc main
controller 4511.

Operation control in the cooing system 400 as shown in
FIG. 7 is conducted as follows. All of the cooling appara-
tuses 410, 420 and 430 are operated in the cooling mode at
the initial stage of operation. Temperature and humidity
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obtained by each cooling apparatus are monitored by each
sub-controller by means of. sensors. Now, as shown in FIG.
8, data from each of the sub-controllers 415, 425, and 435
arc inputtcrl mto thc main controller 450 at S100.
Subsequently, at S110, it is determined whether nr not the
operational modes are necessary to be switched over. In
cases where, in each cooling apparatus, a riiilerence between
the temperature of the air introduced into the radiator-type
adsorlier and the temperature of the air flowed out nf the
desorption cooler becomes smaller than a predetermined Io
tcmpcraturc diffcrcncc, it is determined that switching of the
operational modes is ncccssary. However, in order for at
least one of the cooling apparatuses to be operated in Ihe.

cooling mode, as such a predetermined temperature
difference, a value greater than that of a temperature differ-
ence predetermined in cases where a single cooling appa-
ratus is userl fnr cooling is adopted. In other ivords, sivitch-
ing to thc reproducing mode is performed at an early stage
in thc cooling system comprising a pluraiity of cooling
apparatuses Then, among the three cooling apparatuses, any
one that indicates a smaflesl temperature diilbrence is lirst
switched to operate in the reproducing mode, at the same
time a predetermined value for determining the necessity of
switching is set, in view nf the time required fnr recovery of
thc functions of thc adsorbcr and thc dcsorption cooler, such,,-
that at least onc of thc three cooling apparatuses is operated
in the cooling moile. If il is rielermineri that sv:iiching is
requtred, the Iwo operational modes are sv:itched over at
S120 On the contrary, if it is determined, at S110, that
switchinv, is not required, processing proceeds tn S100 At
S130, it is determined whether or not an instruction for
finishing thc operation of thc cooiing system has bren
provided If it is dctcrmincd that such an instruction has not
yet been provided, Ihe processing proceeds lo S100 again,
whtle iT it is determined that such an inslrucnon has been
provided, the processing is ended

Instead of the aforementioned operatinnal method,
another method fnr switching the nperational mndes of the
plurality of coolin apparatuses is also possible. That is,
when cooling is started by switching on the cooling system, so
two of the three cooling apparatuses are first started to
operate in the cooling motte, anil when il becomes necessary
that the two cnoling apparatuses should be reproduced, the
other of the three coniing apparatuses is started to nperate in
the cnoling mode in turn When the reproduction of the tivo js
cooling apparatuses has bren finishe, they are svvitchcd to
opcratc in thc cooling mode again, while thc other is
switched lo operate in the reproducing mode. This cycle is
then repeated.

In such a cooling system, since the plurally of cooling
apparatuses are ahvays controlled in such a manner that at
least nne nf them is nperated in the cooling mode, as soon
as thc coolin capacity of onc of thc piurality of cooling
apparatuses falls below a necessary level, another cooling
apparatus can be started to operate in the cooling motte. In
this manner, continuous cooling is made possible without
limitation.

What is claimed is:
l. A cooling apparatus comprising
an adsnrber in which mnisture contained in air in a flow

path is adsorbed by a first adsorbent;
a radiator in which heal of the air in the flow path is

radiated out of the flow path via a heat conductive
memlier;

a riesorpnon cooler in which moisture is desorbed from a ss
secnnrl adsorbent intn the air in the tloiv path, thereby
cooling the air in the flow path;

blast means for flowing the air through the flow path, said

floiv

pat running from an inlet of air, via said adsorber,
said radiator and said desorption cooler, to an outlet of
air;

ouflei switching means flir switching Ihe ouflel of air
from/to an inside of a room to/from an outside thereof,

heating means for heating said hrst adsorbent in said
adsorbcr such that the nioisture is dcsorbcd from said
first adsorbent;

lurlher comprising ai least one auxihary cooling mecha-
msm having.
flow diverting means for diverting part of the air

tlowing throu h a main course of the flow path to a
side course thereof;

an auxiliary desorption cooler in which moisture is
desorbed from Ihe second adsorbent into the air
flowing through the siile course of Ihe flow path,
thereby cooling Ihe air m Ihe side course of the flow
path; and

a heat exchanger by ivhich heat exchange is allowed
bctivccn the air in thc niain course of thc flow path
and thc air in the sirlc course thcrcof, which has bccn
cooled by said auxiliary desorption cooler, thereby
cooing Ihe air in the main course of the flow path,
smd al least one auxiliary cooling mechanism being

disposed in an upper course of the tlow path
relative to said desorption cooler such that the air
cooled by passing throu h thc main course of the
flovv path in said at least onc auxihary cooling
mechanism is subsequently flowed into said des-
orplion cooler.

2. A cooling apparatus compnsing.
a radiator-type adsorbcr in which moisture contained in

air in a flow path is adsorbcrl by a first adsorbent and
a heat of adsorption gcncratcrl liy the arlsorption of thc
moisture is radiated out of lhe flow path via a heat
coniluclive member;

a radiator in ivhich heat of the air in the flow path is
rarliated out of thc flow path via a heat conrluctivc
mcmlicr;

a desorpuon cooler in which moisture is desorbed from a

second arisorbent into the air in the flow path, thereby
cooling the air in the flow path,

blast means for flowing thc air through thc flow path, sairl
flow path running Irom an inlet oi. air, vui said radiator-
lype adsorber, said radiator anti said desorption cooler,
to an outlet of air;

outlet switching means for sivitching thc outlet of air
from,ito an inside of a room to,ifrom an outsirlc thereof;

heating means lor heanng saiil lirsl adsorbent in said
adsorber such that the moisture is desorbed from said
first adsorbent;

further comprisin at least one auxiliary coolin mccha-
msm having.
flow diverting means for diverting part of the air

flowing through a main course of the flow path to a

side course thereof;
an auxiliary desorption cooler in which moisture is

dcsorbed from thc second adsorbent into thc air
floivin throu h thc side course of thc flow path,
thereby cooling Ihe air in Ihe side course of the tlow
path, and

a heat exchanger by which heat exchange is allowed
between the air in the main course of the floiv path
and the air in the side course thereof, ivhich has been
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cooler( by sairl auxiliary rlesorpnon cooler, thereby
cooing the air in the main course of the tloiv path,
said at least one auxiliary conling mechanism being

disposed in an upper cnurse of the flnw path
rclativc to said drsorptinn cooler such that the air
cooled by passin through thr main course nf thr
flow path in said at least one aux)harv cooling
mechanism ts subsettuently flowed into said des-
orption cooler

3 A cooling apparatus cnmprising iu

a radiator-type adsorbcr in which mnisture contained in
air in a flow path is adsorbed by a fitst adsorbent anil
a heat of at(sorption generated by the rulsorphon of Ihe
moisture is radiated out of. Ihe flow path via a heat
conductive member; 16

a dcsorption cooler in which moisture is drsorbed front a
second adsorbent into thc air in the flow path, thcrcby
cooling the air in the flow path,

blast means fnr flowing the air through the tloiv path, said

flnw

pat running from an inlet ot'air, via said radiator-
typc adsorbcr and said desorption conlcr, to an outlet of
air;

outlet switching means for switching Ihe outlet of. air
fromitn an inside of a room to)from an outside thereof;

hcatin means for heating said first adsorbent in said
arlsorbcr such that thc moisture is desorbrd from said
lirst adsorbent;

further comprising at least one auxiliary conling mecha-
nism having I)

flow divcrtin means for diverting part of thc air
flowing through a main course of the flow path to a
side course thereof;

an auxiliary desorption cooler in which moisture is
desorberl from the seconrl adsorbent into Ihe air
flowing through the side course of the flniv path,
thereby conling the air in the side course of the floiv
path; and

a heat exchanger by which heat exchange is allowed
bctwccn thc air in the main course nf thr floiv path ao

anil Ihe air in the side cour e thereof, which has been
cooled by said auxiliary desorption cooler, thereby
cnoling the air in the main course of the flow path,
sairl at least one auxiliary cooling mechanism heing

disposed in an upper course of thc floiv path "S

relative to said desorption cooler such that thr air
cooled by passing through the main course of the
flow path in saul at least one auxiliary cooling
mechanism is subsettuentty flowerl into saiil des-
nrption conler. so

4 A cooling apparatus comprising
an adsorbcr in which moisture contained in air in a flow

path is adsorbed by a first adsorbent,
a radiator in which heal of the air in the flow path is

radiated out of the flow path via a heat conducnve.
memlier;

a desnrption cooler in ivhich moisture is desorbed from a
second adsnrbent into the air in the liow path, thereby
coolin thc air in thc flow path;

blast means for flowing thr air through thr flow path, said
flow path running from an inlet of air, via said adsorber,
saul radiator and said desorpuon cooler, to an outlet of.

air;

outlet switching means for switching Ihe outlet of air ss
from/to an inside of a room tn/frnm an outside thereof;
and

heating means lor heanng saitl lira( adsorbent in said
adsorber such that the moisture is desorbed from said
first adsorbent;

said first adsorbent has a 10% or morc diffcrcncc bctwcen
its moisture absorption percentage at 0%), relative
humithty and that at 505)) relative humidity, anil

said second adsorbent has a 10% or more difference
bctwecn its nioisture absorption pcrccntagc at 60%i
rclativc humidity and that at 100% relative humidity.

5. A cooling apparatus comprising;
a radiator-type aCkorber m which moisture contained in

air in a tlow path is adsorbed by a hrst adsorbent and
a heat of adsorption generated by the adsorption of the
moisture is radiated out of thc flow path via a heat
conductive member;

a radiator in which heat of Ihe air in the flow path is
radiated out of the flow path via a heat conrluctive
member;

a dcsorption cooler in which moisture is rlcsorlicd from a
second adsorbent into Ihe air m the flow path, thereby
cooling the air in Ihe flow path,

blast means for flowing the air through the tlnw path, said
flovv path running from an inlet of air, via said radiator-
typc adsorbcr, said radiator and said rlcsorption cooler,
Io an outlet of air,

outlet switching means for switching the outlet of air
from,ito an inside of a room to)from an outs)tie thereof;

heating nicans for heating sairl first adsorlicnt in said
adsorber such that Ihe moisture is desorbed irom said
lira( adsorbent,

ivherein said tirst adsorbent has a 10%): or mnre difference
bctwecn its moisture absorption percentage at 0%i rcla-
tivc humidity anil that at 50% relative humidity; anil

said second adsorbent has a 10% or morc diifcrcncc
between its moisture absorpuon percentage at 60%),

relauve humidity and that at 100% relative humidity.
6. A cooling apparatus compnsing.
a radiator-type adsorber in which moisture contained in

air in a flow path is adsorlied by a first adsorlient and
a heat of adsorption generated by the adsorption of the
moisture is rarliated out of thc flow path via a heat
conductive mcmlicr;

a desorpuon cooler in which moisture is desorbed from a

second adsorbent into Ihe air m the flow path, thereby
cooling the air in Ihe flow path,

blast means for tlowing the air through the flow path, said
flow path running from an inlet of air, via said radiator-
type adsorber and said desorption cooler, to an outlet of
air;

outlet sivitching nicans for switching thc outlet of air
front)to an insirlc of a room to)from an outside thereof;
aml

heating means lor heanng saitl lira( adsorbent in said
adsorber such that Ihe moisture is desorbed irom said
first adsorbent;

wherein said first adsorbent has a I 0%r, or more rhfl'erence
bctwcen its moisture absorption pcrcentagc at 0% rela-
tive huniidity and that at 50% relative humidity; and

said scconrl adsorbent has a 10% or morc rhifcrencc
between its moisture absorpnon percentage at 60%
relative humiility and Ihat at 100%v relative humidity.

7. A plurality of cooling apparatuses combined to form a

cooling system, and each one of the cooling apparatuses
comprising
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an acisorber in which moisture contained in air in a flov,
path is adsorbed by a first adsorbent;

a radiatnr in cvhich heat of the air in the floiv path is
radiated out of the flow path via a heat conductive
mcmbcr;

a dcsorption cooler in which moisture is drsorbed front a
second adsorbent into thc air in the flow path, thcrcby
cooling the air in the flow path,

blast means for tlowing the mr through the flow path, saici
flow path running from an inlet of air, via said actsorber,
said radiatnr and said desorption cooler, to an outlet of
air;

outlet switching means for switching the outlet of air
from)to an inside of a room to)from an outside thereof;

hcatin means for heating said first adsorbent in said
aclsorbcr such that thc moisture is desorbrd from said
lirst adsorbent;

wherein each of saul plurality of cooling apparatuses is
operateci in two operational modes, one of the two
operational modes being a cooling mnde in ivhich the
outlet nf air is switched tn the inside of the room by
means of said outlet switching means and said blast
means cs activated while said heating means is not
activated; the other being a reproducing mode in which
the outlet of air is switched to the outtnde of the room
by means of saici outlet switching means and saici
heating means as)veil as said blast means are activated;
and

said two operational mndes are alternately repeated by
each of said plurality of cooling apparatuses, while
control is macle in such a manner that at icast onr of
said plurality of. cooling apparatuses is operated in said
cooling mocie

S. A plurality of cooling apparatuses combined tn fnrm a
cooling system, and each nne of the cnniing apparatuses
comprising

a radiator-type adsorbcr in which moisture contained in
air in a flow path is adsorbed by a first adsorbent and
a heat of adsorption enrratcd by thc adsorption of thr
moisture is radiated out of. the fiow path via a heat
comluctive member,

a radiator in which heat of. the air in the flow path is
radiated nut of the flnw path via a heat conductive
member;

a dcsorption cooler in which moisture is desorbrd from a
second adsorbent into thc air in thc flow path, thereby
cooling thc air in thc flow path;

blast means for flowing the air through the flow path, said
fiow path running from an inlet of air, via saul raciiator-
type adsorber, said radiator anci said desorpnon cooler,
to an outlet ot'ir;

outlet switching means for switching the outlet nf air
fromitn an inside of a room to)from an outside thereof;
and

heating means for heating said first adsorbent in said
aclsorbcr such that thc moisture is desorbrd from said
first adsorbent;

wherein each of said plurality ot'nniing apparatuses is
opcratccl in two operational niodes; onc of the two
operational modes bring a coolin mode in which thr
outlet of air is switched to the insuie of. the room by
means of saici outlet sv:itching means and said blast
means is activated while said heating means is not
activated; the other heing a reproducing mode in which
the outlet of air is switched tn the outside of the room

is

lc)

cs

so

by means of said outlet switching means and said
heaung means as well as said blast means are acuvated;
ancl

said two operational modes are alternately repeated by
each of said plurality of cooling apparatuses, while
control is made in such a manner that at least one of
saicl plurality of coolin apparatuses is operated in said
cooling niode.

9. A plurality of cooling apparatuses combined to form a
cooling system, and each one of the cooling apparatuses
composing

a radiator-type adsorbcr in which moisture contained in
air in a fiow path is adsorbecl by a lirst adsorbent and
a heat of. actsorptton generated by the adhorpuon of the
moisture is radiated out of the tlmv path via a heat
conductive member;

a desorpuon cooler in which moisture is desorbed from a

second acisorbent into the air in the tlow path, thereby
cooling the air in the flow path,

blast means for flowing the air through the flow path, said
flo)v path running from an inlet of air, via said radiator-
type adsorber and said desorption cooler, to an outlet of
air;

outlet switching means for switching the outlet of air
from 'to an inside of a room to)from an outside thereof;
ancl

heating means for heatin said first adsorbent in said
adsorber such that thc moisture is clcsorbcd from saicl
first adsorbent;

)vherein each of said plurality of cooling apparatuses is
operated in two operational moclcs; onc of thc two
operational modes being a cooling mode in ivhich the
outlet of air is switched to thc insiclc of thc room by
means of. said outlet switching means anil said blast
means is acnvated while said heaung means is not
activated; the other bein a reproducing mode in which
the outlet of air is switched to the outside of the room
by means of said outlet switchin means and saicl
hcatin nicans as well as said blast means are activatccl;
and

said two operational niodes arc altcrnatcly repeated by
each of said plurality of cooling apparatuses, v.bile
control is made in such a manner that at least one of
said plurality of. cooling apparatuses is operatecl in said
cooling mode.

10 A cooling apparatus comprising:
an adsorber in which moisture contained in air in a tlow

path is adsorbed bv a first adsorbent;
a radiator in which heat of the air in the flow path is

rruhated out of the flow path via a heat comiucuve
member;

a desorpuon cooler in which moisture is desorbed from a

second adsorbent into the air m the flow path, thereby
cooling the air in the flow path,

blast means for flowing the air through the flow path, said
flow path runmng I rom an inlet of air, via said adsorber,
said radiator and said desorption cooler, to an outlet of
air;

outlet switching means for switching the outlet of air
from 'to an inside of a room to)from an outside thereof;
and

heating means for heatin said first adsorbent in said
adsorber such that the moisture is desorbed from said
first adsorbent;

further comprising at least one auxiliary cnoling mecha-
nism having
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flow ciiverting means ior diverting part of Ihe air
flowing through a main course nf the floiv path to a
side course thereof;

an auxiliary desorption cooler in ivhich moisture is
dcsorbcd from thc second adsorbent into thc air
flowing through thc side course of thc flovv path,
thereby cooling the air in the side course of Ihe flow
path;

a heat exchanger by ivhich heat exchange is alloived
between the air in the main cnurse of the tlow path In
and the air in the side course thereof, which has been
cooled by said auxiliary dcsorption cooler, thereby
cooling thc air in the main course of thc flow path,
said at least one auxiliary cooling mechanism being

chsposed in an upper course of the flow path
relative to said desorptinn cooler such that the air
cooled by passing thrnugh the main course nf the
flow path in said at least one auxiliary cooling
mechanism is subscqucntly flowed into said des-
orption cooler; o

saul lirst adsorbent has a 10% or more ditference
between its moisture absorption percentage at 0%
relative humidity and that at 50% relative humidity;
iiitci

said second adsorbent has a i0% or more difference as
bctwccn its moisture absorption pcrccnta e at 60/c
rclativc humidity and that at 100c/c relative humidity.

11 A cooling apparatus comprising:
a radiatnr-type adsorber in which moisture contained in

air in a tlow path is adsorbed by a first adsorbent and
a heat of adsorption gcneratcd by the adsorption of the
moisture is radiated out of thc flow path via a heat
conductive mcmbcr;

a radiator in which heat of the air in the flow path is
radiated nut of the flnw path via a heat conductive
member;

a ciesorpuon cooler in which moisture is descried from a
seconci adsorbent into the air in the flow path, thereby
cooling the air in the flow path,

blast means for flowing thc air through thc flow path, said
flow path running from an inlet of air, via said radiator-
typc adsorber, said radiator and said dcsorption cooler,
lo an outlet of. air;

outlet switching means for switching the outlet nf air as
fromitn an inside of a room to)from an outside thereof;

hcatin means for heating said first adsorbent in said
adhorber such that the moisture is desorbed from said
lirst adsorbent;

sofurther comprising at least one auxiliary coniing mecha-
nism havin
flow divcrtin means for diverting part of thc air

flowing through a main course of. Ihe flow path lo a
sale course thereof,

an auxiliary desorption cooler in ivhich moisture is
desnrbecl from the second adsorbent into the air
flowing through the side course of the flniv path,
thereby cooling thc air in thc side course of the flow
path;

a heat exchanger by which heal exchange is allowecl ) I)

between the air in Ihe main course of the flow paih
anci Ihe air in the side cour e thereof, which has been
cnoied by said auxiliary desnrption cnoler, thereby
cnoiing the air in the main course of the flow path,

said at least one auxiliary cooling mechanism bein ~

disposed in an upper course of thc flow path
relauve lo said desorplion cooler such that the air
moled by passing through the main murse of the
flow path in said al least one auxiliary molin ~

mechanism is subsequently flowed into said des-
orplion cooler,

said tirst adsorbent has a 10% or more chfl'erence
between its moisture absorption percentage at 0'/c,

rclativc humidity and that at 50'7c rclativc humidity;
liilCl

said second adsorbent has a lflc/c, or more dilference
belween ils moisture absorption percentage at 60%
relanve humidity and that at 100"/c relanve humidity.

12 A cooling apparatus comprising:
a radiator-type adsorber in which moisture contained in

air in a floiv path is adsorbed by a tirst adsorbent ancl
a heat of adsorption generated by the adhorpuon of lhe
moisture is radialecl out of Ihe flow path via a heal
conductive member;

a dcsorption cooler in which moisture is clcsorbcd from a
second adsorbent into the air in the flow path, thcrcby
cooling the air in Ihe flow path,

blast means for flowing the air through the tlnw path, said
floiv path running from an inlet of air, via said radiator-
typc adsorber and saicl dcsorption cooler, to an outlet of
air;

oullei switching means fi)r switching Ihe outlet of air
from,ito an inside of a room to)from an outsicle thereof;

heating nicans for heating saicl first adsorbent in said
adsorbcr such that the nioisture is dcsorbcd from said
first adsorbent;

further comprising at least one auxiliary cnoling mecha-
nism having
flow diverting means for diverting part of the air

flowin through a main course of thc flow path to a
side course thereof;

an aux)hery desorption cx)oler in which moisture is
desorbed from Ihe second adsorbent into the air
flowing through the side course of the flow path,
thereby cooling the air in the side course of the flow
path;

a heat exchanger by which heat cxchangc is allovucl
bctivccn the air in thc niain course of thc flow path
and the air in Ihe side course thereof., which has been
cooled by said auxiliary desorption cooler, thereby
cooling the air in the main course of the flow path,
said at least one auxiliary cooling mechanism being

disposed in an upper course of the tlow path
relative to saicl dcsorption cooln such that thc air
cooled by passing throu h thc main course of the
flow path in said al least one auxiliary molin ~

mechanism is subsequently flowed into said des-
orption cooler;

said tirst adsorbent has a 10% or more chfl'erence
between its moisture absorption percentage at 0'/c,

rclativc humidity and that at 50'7c rclativc humidity;
liilCl

said second adsorbent has a lflc/c, or more dilference
belween ils moisture absorption percentage at 60%
relanve humidity and that at 100"/c relanve humidity.


