;e3el . " 6TK A Method and a Device for Refrigeration of Fluid and

Desiccative Refrigeration of Gas Field of the Invention The present [ N 2003
i nvention relates to a nmethod and a device f ' ing fluid by heat
exchange between fluids such as between air MMMMWM@% ween |iquid and
gas, and, as an application of them to a nethod,an ce for desiccative

refrigeration of gas such as air. Description of Th€ Prior Art For

refrigerating gas, such as air) or liguid, generally used has been a
freezer which perforns refrigeration by heat of vaporization of Fleon gas
(chl or of | uor o hydr ocar bArdethod andenBekiceffori Refrigeratian of Fluidqnddi zed by

conpressing volatile refri geraﬁﬁes‘ié@ﬁ\%SREﬁ?%ﬁ}a%ﬁ b4 a conpressor. In
such a freezer, for emtting conpression heat of Fleon gas, used is a

cooling tower which perforns refrigeration by passing Fleon gas in a spiral
hose on Mg bf ¥ Bhvdrtidd owed downward and al so by heat of vaporization of
t he water br ht about by flowing air in e.countey direction. lt.is
request ed i n%g‘grf@'reé?ntamv%ﬁm {r?laﬂ?%o @omﬁﬁiﬁ%ﬁlﬁ i %ﬁ“@oﬁ?’o’?%?’é&mg

t enper atfiukl byphdatrixdhhyge dotiveén ifhuide ceshaasybé¢tsvdenneir ood lait embetweeme and
hum di ty;.i n. progessin uter, air of high & egper agu ' Ldigy. As
Fl eon galéq‘l'“éi 38§m§%ss.s ’t_)%/gaalgg ?lggﬂég_?fﬁ, such%giée%on |({1:a%?i ﬁg‘,%gn%ggy
consunpt demcdasiviearefegeration ebgaesueclasiaon of ozone layer in the air by
Fleon gas is a serious matter. Large energy is consunmed in a cooling tower,

too. The present invention is to provide a nethod and a device for
refri gerE?ﬁSQ;‘hp’mnpfﬁhQJPﬂQ?hAﬁs gas, like air, and liquid by using a heat

exchanger) apdrag ARg gﬂ&,i glickfast SMort Rqaid) tdetie@aly Yusedphhy behr af

confortaple tengerature and h dity or f Low tenperature.and | ow

humi di ty 89Z%eg‘ﬁEe§tP orfreﬁrxe{;@igsm%ﬂno?sg;i%a%s Bt YARDT AR, 9h gt 10 Pas

energy afeilovoflnord hipdrogafboaen garadSmarkr pf afuRdre, |UMBAL) ofiguidized by esent
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2 such a freezer, for emitting compression heat of Fleon gas, used is a cooling
tower which performs refrigeration by passing Fleon gas in a spiral hose on
which water is flowed downward and also by heat of vaporization of the water
brought about by flowing air in the counter direction.

It is requestéd in general air conditioning to obtain air of comfortable
temperature and humidity, and it is necessary to lower both temperature and
humidity in processing outer air of high temperature and high humidity. As
Fleon gas is compressed by a compressor in such air conditioning, energy
consumption is large and also destruction of ozone layer in the air by Fleon gas
is a serious matter. Large energy is consumed in a cooling tower, too.

The present invention is to provide a method and a device for refrigeration
of fluid such as gas, like air, and liquid by using a heat exchanger, and as an
application of them, to continuously supply air of comfortable temperature and
humidity or gas of low temperature and low humidity by desiccative
refrigeration of gas such as air using little energy and without using Fleon gas.

Summary of the Invention
In the present invention, in order to refrigerate high temperature fluid B
by sensible heat exchange between low temperature gas A and high
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tenperature fluid B using a cross-flow type heat exchanger or other heat
exchangers in which two kinds of fluids of different tenperature ub dok 2003
directly contact with each other, the |ow tenperature gas Ais put in the
saturated condition with volatile |iquid vapor such as water vapor, and
then i.n the condition in which a |arge anount of mnute water or other
volatile liquid drops are further added to it being unifornly dispersed,
i.e., an air flow Aa in the condition pn which a | arge anount of m nute
liquid drops float in the gas. This is sent into one flow passage of the
heat extoapgeatuardflubd Bighngeapemasiflow ftype dhéati excleatgdmbo d¢ther ohémtr | ow

assage i- ] i QR above
Ey SG%SI %?hé(x%%&fs ! {’l#% ﬁ g&@ J\)/flqghﬁ“ld(; heateMﬁ%%E‘?er %glhéga?o ??Tl rate
t he gascoatasy Wﬁb eacpiorqtlz@m,uﬁw hwatteptparpture aaﬁsdﬁdsapst in tthe wtura@@lr ating
the flui.gnitidh %QH Go1hatitd qmdb¥a{9&atsuéﬁcl3§%§te§le{ra\§&“ éfo Sth%ﬁokﬁdt}&as
flow Aa an ‘ghB Brief Descrlptlono ri (%IS an
expl anaF@Fg‘tHFhW wgu 8 largmamonnt pf W@&@tm ampﬂgerovo aﬁﬂ%hew
exanrplt € apé fhbﬁ]dfeém apdt W@%%’@ﬂ]ﬁﬁrﬁl?rdlﬁbé&éédr efeli Qﬁfaali'lﬂm}quia tlhethér felsent
i nvention; ectiv an exa eo acr S ow
Lype hegbndihetLi iR a Rt A0 o of shube S sRPh AR I i
sect i ona$ senemteshave fAgvwapasdeme @cﬁrq)heabéxdltamgmtetmid th@diughd:edmaramlfeor
fluidr i
dr aw ngﬂcl)#‘astl é@ﬁo%gl@%a ?&9?}38@%@1%?%55%%&1 devi @ﬁﬂif or I urd

ref ri geiatthengas Adhaentiengsd r;Efémrlny eensipleghest jof taepﬂytdq&ma ithe clhegtt
ool anaratudngls AN réfelcraes fio O Ao vdbiaabionhét Sebe “Miguid,
devi co FE9B%| Hhgs rr@ﬁlg BRAtHIY dhe El.ugg 15 1% hig s?@f@ﬁ%@bfn& lscﬁmsﬁg dat a
of flui Betwéén Gleisadoolstl SAONBW Aa laind. the; fllniddB. 8 is an expl anatory draw ng

showi ng still another exanple of the nmethod and the device for fluid
refrigeration of the present invention; Fig. 9 is a psychorretri c chart
showi ngBrigfaDedcriptiomof gie Dgewangon shown in  -- 1~ ,1'J f~i Z003 - 3 Fig.

15, PP Sl o S i ot aset n o
showing an example of e method and the device for fluid refngeratmn of the
present invention;

Fig. 2 is a perspective view showing an example of a cross-flow type heat
exchanger and a partially enlarged drawing of it;

Fig. 3 is a sectional view showing another example of the method and the
device for fluid refrigeration of the present invention;

Fig. 4 is an explanatory drawing of still another example of the method
and the device for fluid refrigeration of the present invention;

Fig. 5 is a psychometric chart showing data of fluid refrigeration shown in
Fig. 4,

Fig. 6 is an explanatory drawing showing a contrasting example of the
method and the device for fluid refrigeration;

Fig. 7 is a psychometric chart showing data of fluid refrigeration shown in
Fig. 6;

Fig. 8 is an explanatory drawing showing still another example of the
method and the device for fluid refrigeration of the present invention;

Fig. 9 is a psychometric chart showing data of fluid refrigeration shown in



Fig. 11 is a psychonetric chart showi ng data of refrigeration using agHg%HE
solution of nethanol; Fig. 12 is an explanatory draw ng show ng sti4 ol 3
anot her exanple of the nethod and the device for fluid refrigeration of the
present invention; Fig. 13 is a perspective view of a counter-flow type

heat exchanger; Fig. 14 is a perspective view show ng an exanple of a heat
exchanger conbining a counter-flow and a cross-flow, Fig. 15 is a
perspective view show ng anot her exanple of a cross-flow type heat
exchanger; Fig. 16 is an explanatory €dr3awi ng showi ng an exanpl e of the

nmet hod dng. 8he device for desiccative refrigeration of gas of the present

! Cione Eie v . . e
et hod and [ HE. 16ib af Bl RLAPAE AL SRR, SO BUMBE TR NG | e
i nvent i airesenfginvedtion wsingxasiueeasaolutderef metbhoaling still another exanple

of the methodwgnd it hg &'eﬁé&&ﬁofﬂtri@eahmahhaﬁir{gefddtgeBPtrleﬁﬁ‘g&Fatﬂﬁﬁ Wfing he
present inventio 19 1s ﬁ vertical section of a device for
g

; FI Q.
refri ger%lqe@HS@PP%Q%Pf%BﬁHP to the present invention applied for
refrigerat orpighil@ is2 égplanRedr§BGitivie showingfstal dayilee dxaimplefdfitter ati on

1 tot r PRI 2 the Bevice o8 MG cpipettiatiel B IBesnbUROLRG T T
refrigerati diigofl3asra pexapectivg view bhie conasanflownypertheat exphbhngek;f or

fri t Org il ed LPLi f i t
efr1 9o o O Pkl SO PRSI AR bR SRESHETIW R ke |
A to itsomhining peeunter-Sow andasresoflowa i n which a |arge amount of misty

mnute |iquigigdngns dpélspabtivedidlv IRSwin® WnbehdrSeRanpRbLAPERIATIRRRyHe OW
passage .of a heat exchanger wth nmultiple flow passages, and fluid to be

ref ri ger8@xchapgeed t hrough the other flow passage of the heat exchanger
so that senskiy. d6hgain ekplah@tdtyudehvidngssiipwiig 419 ekAtmpdesf thewnéthodand t he

gas fl nghée}ievice for desiccative refrigeration of gas of the present invention;

Fig. 17 is an explanatory drawing showing another example of the method
and the device for desiccative refrigeration of gas of the present invention;

Fig. 18 is an explanatory drawing showing still another example of the
method and the device for desiccative refrigeration of gas of the present
invention;

Fig. 19 is a vertical section of a device for refrigeration of water according
to the present invention applied for refrigerator;

Fig. 20 is a perspective view of a device for refrigeration of water shown in
Fig. 19, a portion being broken away for the purpose of illustration; and

Fig. 21 is a vertical section of a device for refrigeration of air according to
the present invention applied for refrigerator.

Detailed Description of the Preferred Embodiments

In the invention according to Claim 1, volatile liquid mist is added to a gas
flow A to its saturation to form a gas flow Aa in which a large amount of misty
minute liquid drops M float. Said gas flow Aa is passed through one flow
passage of a heat exchanger with multiple flow passages, and fluid B to be
refrigerated is passed through the other flow passage of the heat exchanger so
that sensible heat of the fluid B is given to the gas flow Aa while the gas flow Aa



- 4 ~ ~~ ~; 2003 - 4 passes through one fl ow passage of the heat

exchanger) to elevate the tenperature of the gas flow Aa. As the sat élralt”i-cﬁﬂ[](}
ratio of the gas phase part (for exanple relative humdity in the case that
the volatile liquid is water) |lowers, a large amount of mnute |iquid drops
Mfloating in the gas flow Aa are vaporized, and the tenperature of the gas
fl ow Aa drops continuously by heat of vaporization of the liquid drops to
continuously refrigerate the fluid B. 4Thus a gas flow Aa, in which a large
anount of mnute liquid drops Mfloat, is heated by sensi bl e heat exchange
to the Ppheses BhirougiheopasHaye passage dfethe ehestargehanger,f ltai dleBate the

refri gepghedy mu%gngzgis 8w Rha M Httﬁeléa‘ﬂtﬂrz?c ap&ao'\ﬂmbc%xst gpgée pagy heat

of vapor zation an reture omerln
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hydr ophi |l i ¢ substances on the surface of the al unm num sheet. As a
cross-f%vni%ggt heat exchanger 3) a conbination of flat sheets 1 and
corruga s 2 was shown as an exanple. Wien snmall waves are fornmed in
the flat shdduat pheéts 1 hadsuortagstedrsd@ets 2fafrd.0enm wavedsength andnlcé easne heat
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sprayed wat er” dr ops ne sna ter and air are pr ssurl zed.
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I qUI e | oONn O | S er.ri atln eV ce |S
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for an obamnelaiby the poessuze drdp by thet watpr duopt i theecade thdtotherflaid Brige
anount { &H}e \%@ter drops so that tenperature drops by heat of

vapori zati on er drops and relative humdity is increased. It is
further nmade into an air flow Aa in which a |arge anmount of mnute water
drops Mfloat and the air flow Aa is sent into many fl ow passage inlets 4a
of the heat exchanger 3 by emtting pressure of the fan Fa. Wen high
tenperature air flow B is sent into a fl ow passage inlet 5a of the heat
exchanger 3 by the fan F) on the other hand, the air flow Aa takes sensible
heat of the high tenperature air flow B through a partition wall 1 (cf.
Fig. 2) of the flow passage while the air flow Aa passes through the flow
passage of the heat exchanger 3 to el evate tenperature of the air flow Aa.
As a result, relative humdity of the air flow Aa |owers and a | arge anount
of mnute water drops M contained in the air flow Aa vaporize to | ower
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"'~r ~U- L~~~ - 6 flow Aa by the heat of vaporization of the water drops
and to refrigerate the high tenperature air flow B through the paktiiihorg3
wall 1. The refrigeration principle of this refrigerating device is
expl ained further in detail. Vapor pressure of liquidis larger in liquid
drop condition than in the condition when |Iiquid keeps horizontal surface,
and the smaller the liquid drop dianeter is, the |arger the vapor pressure
of liquid is. This phenomenon is expressed as follows as Kelvin's formula
log (pr / p) =2 ~M/ prRT In this fornula, p is vapor Eressure on
hori zont al sdsfshown pr Fig 2 apdrligr 8s the eregs-floyuivwedrant exchangend is seM i s
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'FI)' he {1 onendropstsprayed by adraipsibt napzleiic adjetedity around 280edtmedsheetges of. "
ests r | |

an a1 1SR O FRtls iRGpd SlcSarRliet PRARIO0S, BEKhAThe BRGEOCH I dhelbht

rel ati veoentigntiy ey dhisdapedsed through a water spray 6 to lower its
tenperature AQ Jif. mistafd,Ab ikhe SHW L WardRkad hir Ml 8prayidd (Wafyy Aa
having 1 O%Ol];e relativ hl%gbé)y én whi CM l.ar ge anount, o ute wajer
drops MHIOBRgt PECOMESSHALIEE | oftl veaber STLATE ATEESWAZE shif S1%h&hnel s
gxiagﬁggﬂgﬂ;t t tgr g;r Eﬁ?‘ Fg@ggege?@g@aﬁgge 01 tﬁ%li%it{%ih?h ?@;geéglﬁ gh

t enper atRFPESHNG % gTe Ehap Sikeficary A nozals wtne Holid, aaly fa e AJOR D4 g/'kg
and rel at i veNownthdi agtidn af this sefrigeratimgodeviéd wexplatieda A shomhlindfignnel s
arrange ' { | ANy | rs f peed
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per penditoupBray te the giodloshdlgh larsenamaunir ghanpaste mateughors o that i n
the air.tehigbrabuleSdRPEBIONBAL HfovdR Aat RIMONE WateH dropdfdd dedlativehuridity S

case an able 1. is the, test regult . . .
dls-gncreased. It 18 further made info an air flow Aa in which a large amount of

minute water drops M float and the air flow Aa is sent into many flow passage
inlets 4a of the heat exchanger 3 by emitting pressure of the fan Fa.

When high temperature air flow B is sent into a flow passage inlet 5a of
the heat exchanger 3 by the fan F, on the other hand, the air flow Aa takes
sensible heat of the high temperature air flow B through a partition wall 1 (cf.
Fig. 2) of the flow passage while the air flow Aa passes through the flow passage
of the heat exchanger 3 to elevate temperature of the air flow Aa. As a result,
relative humidity of the air flow Aa lowers and a large amount of minute water
drops M contained in the air flow Aa vaporize to lower temperature of the air



Table 1 ( with spray ) Exanple 1 when the air flow B is of hi h -4 JUN
t enper at ur eTenper at ur eAbsol ute Hum dityRel ative Hum dityCd/ k' r Fl ow

A25. 98. 0539FI ow Aal7. 5- 100FI ow B70. 610. 445. 2Supply Air

SA18. 610. 4478Sensi bl e Heat Exchange~ 1 = B - SA X 100 = 97. 9% 1)Effi ci encyB
- Aa Sensi bl e heat exchange is performed between the high tenperature air
flow B and the air flow Aa, and tenperature of the air flow Aa is
continuously | owered by vaporization-ob fninute water drops floating in the
air flow Aa as nentioned above, refrigerating the air flow B to lower its

t enper atflfw 4 tiothe heat of yiapgrizationuelethaiader yireps et refrigesate the
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spr ayed |s‘%out Ite our. The flow anmount of the air flows A
and B in thi9gdRge P~ zpe M 1E§br / hour. The heat exchanger size is 0.25m
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flow B i hi nper at uyﬁ{ nper at g‘rﬁf\bsol ute Hum dity Rﬁl a(Ll ve
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eﬁfg&%&da 3{ (gl?ge%{) C aﬂZ%tt

Absol ut elnthe air flow A and the alrflowB The
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g];)]; ;;: ﬁgbe}{ g?la% hen %he ra us otf(\azs;al:le1§ dgc())}gs BECon éasdl ! tan(fby aboutolO A> when

the radius of water drops becomes 10 m 1. Vapor pressure is almost doubled

LUCJ

when the radius of water drops is further lowered to I m . When air in which
such a large amount of minute water drops M float is sent into the heat
exchanger 3 as mentioned so far, observed is a phenomenon that water drops M
vaporize rapidly in the heat exchanger 3.

Tests were performed using this refrigerating device. As shown in Fig. 4,
an air flow A of temperature 25.9C, absolute humidity 8.05 g/kg and relative
humidity 39 % is passed through a water spray 6 to lower its temperature to
17.5C and at the same time to make it into an air flow Aa having 100% of
relative humidity in which a large amount of minute water drops M float. This
air flow Aa is sent into an inlet 4a of small channels 4 arranged almost



-4 ~1_| fJ 2nD3 _ g _ water increases the heat exchange efficiency by
about 30 % The other experinental conditions are sane as the case ®fit 2003
spraying water in Exanple 1. Exanple 2 Using this refrigerating device
simlarly as shown in Fig. 8, air of tenperature 25.7C, absolute humdity
12.20 g/ kg and relative humdity 59.0 is nade into an air flow A of w nd
velocity 2 nisec.. This is passed through a water spray 6 to obtain an air
flow Aa of tenperature 20.2'C, relati-ve hum dity 100% and in which a | arge
anount of m sty mnute water drops float unifornmy. This air flow Aa is
sent i ne§TRgndigpiarly an dhe hipatiexchanger 8 at Wre airidew seeAigem/sen- t M ot her

hgndi Pitﬁﬁ om@@pﬁﬁﬁaz ai}iigh;tfmpéagtﬁ@l‘ éitr'gﬁML Bd;fgé?i@gga;@t m.g@,flakt;’sdlﬁfé 1C
absol u u. di : and rel atj.ve i is e.i an.air
Frow B onmioiy Wed @t S Ve WRHRIYY 64 Thie piub iade s ey 1BRtcha Grml |
channel snfalbthahrelseatrangehahgest h&dpontally hethe heshaxderigereaf oheadr

bet ween I t | LI 0 t air
row b Soioabeileh FRERE tY Arblomerdl! TABEAAIR Babpbtslt dqhiorive b’ yr ¢
14. 41 gekgctinderpendicubarhudt dé gpodSnomghhé veater fdrops Amsbdboeagh dloaging f | ow
Abof U SHREEAII CFiD 3 A ey didihéntfe BMIHAIHwiRRoME: bEedhattbl) & this eid t ed
in the atnosphere, The psychqQnmetric chart 1n this case Is shown in Fig. 9
and t he andstabigilis thettest gesplt.Tap e 3 ( with spray ) Exanple 1 air flow B
is of the normal tenperatureTenperatureAbsolute Hum dityRel ative

Hum di t yC/ kFl ow A25. 712. 2059. Q. r . Fl.o 0. 2- 1Q0Fl ow B34. 214. 4143upply Air
SA20. 614. 4195Sensi bl e Heat xchg%’éﬂl, V%_V%f-"%-%’iaygloo = 97.1 "% 3)Efficiency
I a

-~ , 1~ ~—~0~~ - io As ,sho n the draw ng,. heat of vaporiza
drops in th¢—at adi(whepthe O L3500 THE LABYL B he partition

o XV, s A1)
wal |l to | ower tenperat yMempbrdthee aAbsollte # \Bnidity ) Relatdlediagmitityafpsol ut e
hum dity, as$ shown in {he hongetric,chart, allong the horizontal |ine of
t he psychongtric—chart uut{)?y:if T :abireggltﬂﬁé pOTIt—SA ?2&0{16 =€y and
t enper at ur e jAif FidveAai r {f| o583 rjfes un8i0b it reaches 8he poij Ab al ong
the line of |[4;eFd)d Xg hymi dijtys 100 % Sensi bl e heat exclggnge effficiency in
this case i§ 97T 7-as[shown by fproura (3) tn [able 3, _Waich s al nost

ion of water

D
- C

same as sen apl-e 1B.2That ils to say,
when t enper SuppB Ak Sahe 1 ugd B | pwer s, 10tanper ature of 74 he suﬂpl y air SAis
20. 6 ' C, whieh—is—apprppriate—forlair—econd-tioning—by—deereas] ng t he
anount- of asibkpiegtefl. The anmount of water sprayed is about |8
l'i ters/ hour h B—-SA4

xchange ni= X100 = 97.9% 1)

. B - Aa
Efficiency

Sensible heat exchange is performed between the high temperature air
flow B and the air flow Aa, and temperature of the air flow Aa is continuously
lowered by vaporization of minute water drops floating in the air flow Aa as
mentioned above, refrigerating the air flow B to lower its temperature without
increasing absolute humidity to make it into comfortable air of temperature
18.6°C, absolute humidity 10.44 g/kg and relative humidity 78 % to be used as
supply air SA. The air flow Aa becomes an air flow Ab of temperature 30.7C
and relative humidity 100 % by passing through the heat exchanger 3. This air
flow Ab is emitted in the atomosphere.

The sensible heat exchange efficiency 7 1in this case becomes 97.9 % as
shown by the formula (1) in Table 1, which shows that the heat exchange



Exanple 3 As shown in Fig. 1, added to the device shown in Fig. 3 explained
in Exanple 1 are a water tank D that receives water drops emittedt gé’t‘NeZﬂUS
with an air flow Ab, a recirculation device of water pooled in said tank D,
i.e., a punp P, a water |eading pipe 10, an electric valve Va and a water

| evel regulating device, i.e., a water level float Vs, a water |evel sensor
Se, an electric valve Vb, a spray anount regul ating devi ce of a water drop
sprayi ng device 6, i.e., a thernocouplg Ta, a thernocouple Th, an electric
signal anplifier, C, and an electric valve Va, Int draw ng,

nunber eceffiglancy is ¥iesy fighasin shefoymulaly BoBAedal &}%aera@ermve&f@aphe
sane Egrélﬁ ?mleaarﬂednt{&f ﬁzﬁe{fﬂrb sEﬁﬁéﬁF&&ml?bdﬁle%a' 15t3ﬁté1‘~is ﬁ(ix\/\/hbﬁf | €hdi ng q
pi pe at reci es er,l an in e an
P Pr s proRcruhSint f 4R o HBWa ) el B R frie 208 o atgh® B R Thotl olpe |

A wat er lsegtpdxchpinger lsﬂzens 0 RSmald dd26m a 025 m* ankan@a, sheatefackareh of| oat
Vs is fl t rfa h <

el ect ﬁ 600, 85 LFL62 7 KEprdebtl LYy ?}ﬁ%%ﬁfﬁéﬁﬁgﬁﬁtﬁsﬁ%&&t
sensor Ar e é@mﬁ@@e@aoswoﬁm&h arga oh sl g g@ﬁelfrl@v@ R§28mi e AdYt=Q of
Fig 1, (‘Pbéﬂgﬁ2 QhdVas Wlnﬂ%%c1tﬁlscﬁﬁggéc Dyihd Qolaheis 02923 nf?l @@tZ WFs@d the
wat er IeveI c(ﬁor Se. \When the water |evel goes down to 13 L, the

el ectromad Q¥fve Vb opens to supply water. When the water |evel goes

up to 13 H, Tb%oﬁi;ﬁﬁ'brv@itﬁ%% itesty dhdeCofbheCtareassihg theGAM@ tRsssSIlEeR ¢, ~

U ~~i Arran t enper at yre. or. for S rowAsuc as a
{her moecifteHRhaBReT AS ot daiPlicl Bhd HLhART BPinEds ST SRRGY

t enper atflow for neﬁ1gesratnbnas shotireimBiomn 1) 'Eable 2i and pey¢hameltri c]Sartxin Fig.
thernocoypl es Ta and Th are connected with an electric signal amplifier C
Tenper at Ure difference between these two thernmocouples Ta and Tb i s caught
and put in the electric S|gnal arrpllT able 2. As the tenperature di fference
increases, Heetectric varve Va5 operd[ eu [() |n(,rease [ne ol une of

wat er spr ayediontrastiag F ol ume of

water sprayed is |ower B@'emi[é’i%uixjeo“%b‘éﬁiu@&Hmm&’ifty ﬁ@laﬁ'vé Hdnﬁ\ﬂ’itﬁd i's increased
by i ncreasijng both thq vol of |water spray angd the Ol/.lt put off the fan Fa.
e ggb-u-m-—f-r-mﬁ&ﬂ%hm-t-e

In-this cas when—sprayved )0 nuch,

m nute wate xdli‘l@ﬁSAgat her egm3the |i nner wadd of small cfsannel s |4 of the heat
exchanger 3f,and drip down W {hout fuIIX Y pori z} ng. The7 surfage area of the
wat er flow : i fF—of—mtntute—watier drops, and
there is topubplytAlieB er 9&pori Zati onlidth t he quantlfily of hgat taken away
from a hi ghtenperature arr—ftow Bto TontTToute to refrTrgerati on.

Ther ef ore tEemablatigae jof t he alBrﬁfBI ow Aa cannot be fully | owened, which
makes full t hel t enper at aof t terrperat e ainfn flow B

i npossi bl e. %/(ﬁgr?%\%\ater is §’p'ray d o?haﬁ hrégg{%’e wat er ops inthe air
flow Aa arel dffieisneed uni formy and in a necessary anount, refirigeration
ef ficiency becones high and water can be saved. Exanple 4 Instead of water
(boil'ing point 100 C) used in the spray 6, used can be volatile organic
liquid such adnethtesfooinulbd®), |B1d3a)o‘kahow&em®tatm¢ﬁ&a®nm'at e (boiling

point 56.3 C) gNd,igehanl &fb@érhbﬂﬁhﬂ&?é”22@4c7 &)com% Ahxaek |l dp @F such
volatile organic || M nu parti a§u§ f desiccant silica gel

are spr |WHI&T*”‘BW%§% Oégﬁ??f gengt eb‘%ﬁ*ﬁ &G F&S%vsa tEMRegAtYEY Fr£0Wng o
cor r ugatBdofs baperatolre VeI 20 eiegbines. 4n nair afiew \Bueoh ¢égiperdtutensds Meby

Fig.2), bot t f 5 t, hi t h of

am nat GPRAIB R EB R 0. APROtE FaEiehfi Pt HE REARER BribheRr A0 550"
mm X 25(hmirth@350ﬂom8n size. Arefrigerating device shown in Fig. 10 is
construct ed gk dnkiHs WA ExEKER Oflcichey 771 irt this casb €¥B35% 4 shown

by formula (2) in Table 2. When water is sprayed, the sensible heat exchange

efficiency is 97.9 %. When water is not sprayed, it is 69.5 %. Thus spraying



Fig. 10 al so shows data of a case using this device and 45 %aqueo_usL N o
sol ution of nethanol instead of water used for the spray 6 in Exanpl e§~i 2003
and 2. In this case, as aqueous solution of nmethanol is used instead of
water, its boiling point goes down and tenperature of the air flow A which
was 25.9 ~C lowered to 14.6 ~C after spraying aqueous sol ution of nethanol
(air flow Aa). Low tenperature air SA of 17.2 C was obtained by heat
exchange of this air flow Aa of 14.6_~§§_and a high tenperature air flow B
of 51.3 C. Thus in order to obtain air”SA of |ower tenperature, it is
better twatepr aycrebsgd dhehhedt lxshhoge befficiexgypbiynabohtarBk s ay iy waher
only. Ps i f. Bl i it apges of
the ai r oot atal CREpr are dhond g tfig MEa b BRI SRR Ih IhADRERET
Exanpl e 5 The device of the present exanple, as shown in Fig. 12, consists
of the deyimplespl ained in Exanple 1 to which added is a device for
recircul ating.a gas f|OV\fI_:"Ab exhauat ed fromthe outlet 4b of_ the heat
exchanger 3 tOSRENER veligaratiggs dpyise sandarly: 8s e aith Jigdi%iar ofis
provi dedengsirabam 25 & Qyadtesolstierlaymédity 1 2@ g/kk2and relativtel kbmiditp5A M8 heat
exchanger, nd the fansFc are connecte duct r@e, . and the.fan Fc and
The 11 o stadbintorin R Al wRRT pEEy &Y alsdt LT BB if R d PR e
duct 8d.watedispzayitry ehtein Enfair floshdianf temparaturea.26), vdlativedousidity i s
connect r el e [ i [0 \VA 1 a
val ve v 109p pRalfknth § el diholif of iEiiilSie Ehtef; dibrd 8 EHED.
suppl i ed whehhisupirdflewvcAaisrsdnd Wdecaaniet 4a of smallwhannely 4 phiar heak e an
ul tr asonixghhper. andnOfife Wehad I IIRLR YAXBEr RURE NSir SRAKB drd fRighRARY. ofr Jas

flow Aa ,is passed h.the heat exXchanger 3, and exhausi gas.Ab, fromthe
but | et ABTTE ARG AP o oo ey JANE aligAng reRe PrBWE ATh S gas
fl ow Ac ik sngphsied anhwiefighv B diwindi vdl@dity’ 2 whibc.neddsh as yerdichto aniadke a0t 0

th fol i i | t.of N fl b
spray 6 FoSBiall bApfRlE b PO ha Rk Rbed. | BIE’ EhPPaxcHabB™ s ),
t he ductpeséorimedbetwetacths highdemgiaratereaairilpwat andshe ait flewnrdaldine te | t

and manngf f18% E%e@éﬁeg?g%&%gxgt&{‘a&@A%‘ﬂg&%P% Llﬁ-gezdéédr %?sSH&E Hegnithitych are

covered a cover, A IS connecte .. By refrigeratin -~

J;! PJ g/kgzand pelative hrenidjty 92 %. Frheair flowiAr befomes e aiudew b p
re~i ger abfiherAturef 25°ge hat reddtive BuSSIAH Sbohtd100 % "whiéh i ehlivtedUm thed | ui d
Ab. Condensed. water, i s po&lé(;ad én t he tank, Da and, er in the anléb )

dr ai ned BARPSBBATE bERE PSYSRATPLsG, PRYTHiTiEBIY Fate 15 SROFRAD Figd ABSbife,

val ve Vdestldstarief Tallersati on nmet hod of fluid of the present invention has
been so far explained in an exanple of refrigeration nethod of air using a
cross-flow type heat exchanger. It is a matter of course that the sane can

be done in refrigeration of gadiabdeBer( widnsprtay Jor 1iquid such as water. As
a heat exchanger, it is also possible to use, instead of the oss-fl ow

type mentioned abo i;@ %é : I#g_y‘ ter-fl pw type shown
i%pFi g. 13 ¢ Egamf?leq f W(Brlg%ﬁﬁe mtaypé?n ﬁ'aﬁﬁl v andyg
empgratyee | Ahsaberewpidityg %%Y%HUW%E

cross-fl ow ttype shown i Eype heat

exchanger stiown in Fig{ 13cand ong thatgikgya corbinaticeq of a counter flow
and a cross|jl shownijin F|97 141 a gas (;OWAE In \/\@90G m nug e wat er
drops fl oat Fere W B o B—pass- —eharrets—+r—tre—dt+ecti on of
arrows in theirdlewiAags,; ando® e exhausted as a das fl old0Ab and{fl uid SA
respectivel yhﬁo‘pgrfor m seaqu bl e| heat P@(&hange bet weepgboth f{uids of Aa
and B. Al so[used carm g a Tross-1[ow type nmeat gxcranger constyucted with
nmany spacer $Supply A2 SA [bet W0én flat platdedl 1, 14 . in 8¥ch a r#anner t hat
the directi eI Cr0SSes recrangularty every step as phown in Fig.

m ol _a _spa

15, and a h¢nsdleHesger which is a counter-flow type or a conpination of a

counter-fl om@ﬂqng}, crogs-f ;)ol\g 1B ket he E‘6U1§¥)99‘9P | am nat e(35’rent oned above.
B- A4 '

Efficiency




Example 6 As shown in Fig. 16, a cross-flow type heat exchanger 3 aof ; 250y 3
X 250 mMm X 250 mm and a spray humidifier 6 are arranged, and a dehunldlYle
rotor 14 is arranged ahead the heat exchanger 3. The dehum difier rotor 14

is constructed by form ng a honeyconb | am nate, to which adsorbent or
hygroscopi ¢ agent is conbined, into a cylindrical shape of 320 nm di aneter
and 200 nmwi dth. The dehum difier rotor 14 is divided into an adsorbing
zone 16 and a reactivating zone 17 by separators 15, 15'. The rotor is
provided with a flow ng passage by a_qﬁcl (not shown in the draw ng) as

shown by arrows B --> HA -~ SA. The de umdifier rotor 14 is continuously

rotated and Qp (?\hﬁdigafhe dl‘a\%l(&ﬁ HedY u r#fattu;i@ of watdr ddpkna e g5t 1 on

of the arrow I n r erature 34.0 ~C,  absolute
humi di t floyy An ds k@ra@ﬁantt@riam vféleham cﬂQVY/ Bavig the mawdtipnt wadh tai lowarow B

3yha f g@elﬁBerzﬁ’ﬂ?e b'ﬁ?gé"aiir flbﬁ‘éB Bn'tﬁoﬁ@@lﬁaﬂléih% é%lﬁ@l@uﬂl&ﬂy Zﬁlstﬂ ﬁhdsﬁncﬁlf It he 5
ehumi di fier rotor at wind v T I n the air.flow
is adsoF%%B%‘F*H’W%W%ya]f)ﬁgstﬁﬁg’rﬂﬁ}ggﬂﬁ%ﬂﬁpe PBH&%PﬁY‘ﬂ‘OJXWV ChFrt M Ha
Then t hét sbaghas thé poimthM (20.6ehl) amt enperatuteol ﬁw aiir floov Aaonsed ustihit]

Cornne Redelits, BRpIER A ARREIR e oPHERI hufhialey TRAYE! YhdReAand 80

hé Treactil va Zone
dehuni diekelangeoetficiducy in thie qaseeet%h %fas h}eo‘anrbngqrmwllﬁe(iﬁ riawl ablead
reacti vaiy;on 1§I'aimgst°‘sarIQ %s%lﬁ‘é &Q iHela® rexéﬂahée detwendy bf Bdadifle neactiaat ed

in the reactivat]ng zone , rﬁ%flvatlon air RA| ethYedlnthe
air as Bulf aaséma%ttelapprmeeﬁthﬁ it Fovkarg terpngratae of the Up

t enper algy Qs 233) € @) dwhadhalis \é@)dﬂbﬁhdté foﬁ&%mﬁwﬂr@ fb}E(ﬂebyeatslﬂﬁg Stileay

hum di fi er (%have 10D(Vre;tt|ve mdlt%/a ngeé:i u?%ék:ghe air flow
na becapgonmtt e earayed s (PG atnouiatarates soRRESc 3 bo CeheYh

m nut e vvater drops nunerously float init. The air flow Aa is sent into the
flowin qJ t he heat exchanger 3. The dry air flow HA nentioned above,

by passi r%{émtl%Fough t he heat exchanger_ 3, perforned sensibl e heat exchange
with the ai rAd shownain figwhi @ddedntn shoedesicelsbpwmimdrigus) pxplasaed iand was

refrige 1% H b vvéte\éacaﬁk'lé% b@@eé&vé@ QftBr ‘G%ﬁé eHﬁ&E& toBedHe® with f!ow
Aa int eat ex anger 3, |s Imla ﬁtlon of Exanpl e
1, to ol@#laalﬁf@@YrAé’r ﬁéfﬁﬁléc‘é]@ Wé?ert%‘?ﬁé%ﬁléﬁﬁ%{ gﬂlaks Cl-Ca st ie
Bumddlht P, éh ?va&ékme@e?ﬁgrlﬁbatlweaxh@I@cdnt:yvaiwe Wa And & vs@t@? IEZQMéglﬂStl?farfm e,
y dehumi di fying outer .air ute_humi

g/ kg ang evisept-fv @ ot deyst tﬁ’?t %%‘Hﬁ%%eﬁg‘g%ﬁ‘}%arﬁe AT V?/X/vaq

whose t eppey aimoenhasghlting|devideedf by vt dfom(mmapmg)dewfcehﬁmm i yl and
nnose. Mkabbda e 1PYE BkmbR ANTH Gl g&uﬁg%g &' O ghfphad dry

air of terrpera te hum relative
humi di t pledtrigovedve Me. oben éhe.énawmg,wrﬁ@numlzera Anfthe S@inie W@Hcﬁstlinoﬁ%ﬁé

can be %E@rn%%kﬁlsﬁhé!d BYThEY fak@@hé Qaﬂf@ﬁdﬂs%ﬁﬁfﬁhé@%% |31ﬁmaxﬁpmn§ It is

oo O e el S B R, St Sl |
- ~ J U} 1hid0f water spray 6, and it is provided with a pump P and an electric valve
Va in the middle of it. A water supply pipe 11 is installed to a water tank D.
A water level float Vs is floated on the water surface 13 in the water tank D.
An on-off electromagnetic valve Vb at the water supply pipe 11 and a water level
sensor Se are connected. As shown in the enlarged drawing of the part Q of Fig.
1, change of water level is caught by the water level float Vs and the water level
sensor Se. When the water level goes down to 13 L, the electromagnetic valve
Vb opens to supply water. When the water level goes up to 13 H, the

electromagnetic valve Vb closes to stop water supply.




- 15 dehum difier provided from Kat habar conmpany, U.S. A can be Gs@dﬂgkzﬁﬂ3
dehum difier besides a rotary-type dehumdifier used in the present

exanple. Exanple 7 In the present exanple) explained is a process of

dehumi dification by a dehumdifier rotor after refrigeration of high
tenperature air of 70.0 C by a heat exchanger. As shown in Fig.1l7) a spray
humdifier 6 is installed on the upper side of a cross-flow type heat
exchanger 3, and a dehumidifier rotarifll4d behind the heat exchanger 3. Wen
water is sprayed by a spray hum difier 6 to outer air QA of tenperature
26.0 C, absdlireagpd@reia temperatyra gensar fosieasiflaw Huaneh ag sstharmasegpler f an

On goes Kioom UFe RpeUBaBBILE IAHEARANE XL O anloBRPCIah O tAFe bDRdh b al
obt ai nedSaft rthergipeayple rﬁ\ﬁﬁlc@"aﬂuéiigg- a%ﬁ%téwmﬂ%upk%ﬁ’@eangam ares

fl oat, icenpesteddvithreudbctiesighalvapgsifageC4aTeingdratiadiffrehedbeiwebn On
the oth fl hand nar fl W,% of &(Se[ggeraturﬁ 70'd2 C, .absol uie hun‘i.dity 14. 4
g/ kg ang 28 LVP AR mACaRPies7 19,90 £S CAEEN, ANG, PEE 18,thG elqelng signa
exchangemgdifigr Che Asathd-berapevatmde ifferdntog imfcr@asuass e eletheicaralvé NanviB
becones t i ﬁawg i t, e i heat
exchangg??}%goi ut eéﬁég#&h%ygglgdrﬁq%e al rxﬁfg&?@?(gs&g‘gb&g}t gﬁ??% érsggﬁrr%eas

t hat of differesice lowers, he Modumeroffwater Apraredirclowaredi r Thedlpwiyedgcity of

t enper agHE @iBQoR KadRtincpéalcdVisy eredbing BORUEhe 081AmE of thste? Wplr8Y 4d t he

heat exchanger 3 afte ssing through the heat exchanger and is exhausted
in out e?ﬂ%{PPﬁp%‘éﬂ&@n{?ﬂp@?ﬂ er rotor 14 is rotated and operated at 16

1[i p.h. in tHa ﬂﬁg @abe,0Wwhen éﬂmwdraxnbﬁﬁt ﬂ‘tﬁndlhﬁvﬁvﬁgar ey’ efi]gitgﬁrmueld, air
ow Ba_nentioned above ig,sent [jnto the adsarbing, zpne 1 t.his

denun oFTPE SORGE SEpos SBRE o LK, el yHIP BF AL PRAGRGR, £iof tHeShent
absol ut exthamgtrt § ahdsdygpkdpvemdvitbbat fuldy ivapodizing.5 Thepuatiwerdieagsfr 8reovi ng
hum di t [ Lo .S ' j anpl e
5. Thou’évr?té’éﬁ{??ﬁ i Peflepidlf gl @%ﬁ%ﬁ%&%ﬁ%‘éiﬁﬁ’ﬁ@ﬁ%&% 85, B TP
ext r emebhensi isrtopdittle watan ‘éamczag_ adiqrewith Eheignantity of bagt bakemawsy fpBceeded
tOf obt a'anthﬁﬂ r%&@ﬁé‘ﬁ%ﬂf@réﬁrﬁﬂbw' B &ﬁd%Bﬂfd tFiE'lh%a' ﬁb t%&%g%@gtiéﬁ.t €l'Therefore "
refrigeration a_ heat . exchapger ahe e, dehumi di.f1 er S in this
L O bampatRite 2hbhe air Hoy AR anap oG HREIGTSroth SEA RS RAIAFIP ehanpi o
7 i Sh55f’|ﬂe %mpet@umlemythé Qﬁ;@mﬂe@pbmmbaﬁiflewh?ﬁ@dsﬁblé.lt szeawwrag_éui@ i's
too high and its pelative hum dity is tqo.low faor er i.r conditioning.
Ther of PRI 5P bbbl Wafe! bl 100 the, e HEOET An AHL ALY ©

t he secoumdfonedy agxdcimamgecedbry anubirdi nefzigerhtionieffisiency becomes dtigheinahd

hum di t ¥, RRPEIRWeal&efOr air conditioning. As shown in Fig. 18, a high
tenperature air flow B is passed through the cross-fl ow type heat exchanger

3a and the dehumidifier rotor 14 as in Exanple 7 to obtain an air flow HA
As the oRremgileon so far is utterly sanme as in Exanple 7, repetition of

Photal ted bARFiEAS MR MrRifREGpE 8P| T S IR FraFr R katl e o
t he ai r vblatile kghhindingidsuchfag bthand | (boilofg prote?8.3aiC), methpl aycetate
exchang SOUE point B CPAYRILAEHN AN RARERAZ LChlor MESPRANSE
heat exé&hemgyelatdp organiriquaid andiwader.t he heat exchanger 3 of Exanple 7
nentioned ab@Mfitel pSrtfled P AebRRBahs sfial E8lare sprinkled on and adhered to

both surfaces of a partition wall 1, and a corrugated sheet 2 of wave length 3.4

mm and wave height 1.7 mm (see Fig.2), both consisting of a 25 ( -thick

aluminum sheet, both of which are laminated alternately to obtain a cross-flow

type heat exchanger 3 of 250 mm X 250 mm X 250 mm in size. A

refrigerating device shown in Fig. 10 is constructed using this heat exchanger 3.



On the other hand, a dry air flow HA which has passed through the adsorbing
zone 16 of the dehunidifier rotor 14 is sent into a flow passage &nll&i 2083
of small channels 5 horizontally arranged in the heat exchanger 3b. It
perfornms sensible heat exchange with a refrigerated air flow Aa containing
a large amount of mnute water drops to obtain confortable supply air SA of
tenperature 20.5 C, absolute humdity 4.5 g/kg and relative humdity 30 %
In regulating air conditions of supplLyiair SA the water anmpunt sprayed to
the air flow Aa is controlled to change tenperature of supply air SA \Wen
humi di t Wigf 10 abst shews dgta of ataase vsmg towelavage avddbi badusousaopetion wf e of

t he dehum.dif.i.6r; r 1 ol £y fAi fl e ndifier
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ai r condiaspond agueeuspelutionnofongtiparel is used iagisiag elewatareies bepingmaiptng to
the air dde@Vdcd¥en ! drillitémipavhtitrel SMvIOiakid MBWPN RFhiBHCRad 2R aN bweret By

acetate t hanol , i.nstead of ter used . in t Spray humdifier,

t enper atﬂ?g ugf & SPLPHHING %ﬂ‘feoﬂsoﬂvfﬁ‘ét/&mﬁg metbaQPP?\JalF?fOF’zA&OS -nbe further

| oner ed. MorBoweemperatiuter zis G of 172 -€ owas nhtaimeddsy beat &echsrmd afsthas m st
form ng [ (A [ LI .8, 2 G '

nozzl e vﬁm%gﬁgﬁ%gaﬁée‘lcg%qﬁg&%&g&é%haa}g]\a er @%?533 I_(}?;’lﬁ]}g&geg‘}arml es
above, razder ito @bhaim dint FAvefslometctennEerstire, dhds detierdo spraprlaguisuwbdehi i er

and at t i 'gﬂfl,e i eto
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t hat huﬁﬁw@&ti@ﬁwsscmhan@engﬁwﬁ ¢ i ogvtgp—tﬁffap&fﬁﬁw% ity
beconmes 0@ g%-amnlh andriticiedaabeyd, of m nute water particles are nmade to
float in the second step. The essential thing is to pass through a heat
exchanger air whose relative humdity is 100 and in which a | arge anount of
m nut e igsaanplabticles of around 10 a in dianeter float. A heat exchanger
shown as an le i v es et S . ned

amnat i ng o oyt B bAY PR SLABLE o BoRn 1R, LAY R 0P e

i nvent i olevikseexplainadeisy Exampde Adatwhkichadtdpst istapdevice forvemeadating gygael as

far as iffoWpayd &k&%@te&'&ﬁ%&ﬁézﬁﬂ% M@Pﬁlesh@sftaé%&h%%ér :Bsto'a?‘hgﬁxlzl}ﬁihﬁ’& a
heat pipe provided at b t,h}hegis WM.th flow passages havi ngpmany eat
exchangasi .A&@m%r% tha lgmv@ﬁﬁrfgslpgoyd@ troarp A8e RHSr SPERNG- a
conp ][ Ies J8rFighag, ﬂgwﬂglé%b 'aﬁ thié mébﬂe:}cﬁmée?% aid ghd fan ?‘cﬁb.r@?%hn@&t‘dﬁaml er,
one flow passage 0 is in.a spiral s e.a e ot her 0
Passage GG Bt the fath 5 et e M8waRaseder PR MEARHB LR Bas dediia
passage s28.cohakctedewithgde duct@dherA difergyay datsKffon sehdimgrionpuies sor OA ow i n
one fl 0\%@&?%9&%95% 8@5‘?%%3%%?‘%’%%%6 gd%fggg_ cooling water flows in the

ot her flow passage 21 i t “exchange Gt her flow passage 21 of
t he heat exchhedummidifiey Timpoevidedt withna valvey Yaosthge midwaye pbss watet t ype

heat exGhapdebipe Wh o BhdtSwaterl @nbe shplicd WhiehhhngdifiéaBioadsirfeck8sdryl | ed.
That is [0 say, ,(iigg hze)at@]ﬁexchanger 19 and the cr ss-flowg\;%&e. eat

exchanget® 8§ BURQAerg ¢ are N HYTARQIEF type AndipRe Usip tMenvoYED

ai rti ghtelothadiohked inlwatiehe drawi ng, 9a and 9b are chanbers. Fa is a bl ower
whose i nhal i sigde i,s open t he atposphere and whose. exhausting si,de is
connect ed ¢ oee T Britesed thefudh B BOSt G ihngil Y Bpff SR e U

from the outlet 4b is recirculated by a fan Fc to be used as a gas flow Ac. This

gas flow Ac is passed through a humidifier 7 when necessary and is made into
the gas flow Aa in which a large amount of minute water drops M float by a
spray 6 to be recirculated and sent into the heat exchanger 3.

In Fig. 12, the duct 8e is provided with a refrigerating part Co in the
middle of it and many fins Fe are provided on the outer surface of the duct 8e
which are covered by a cover. A fan Fd is connected to this. By refrigerating



- ~ JL~V Zaa3 of the chamber 24 is connected to the other flow pasgage 0
inlet 4a of the crossflow type heat exchanger 3. And the ot her flom/passégg
outl et of the cross-flow type heat exchanger 3 is open to the atnosphere.
spraying device 6 is installed inside the chanber 24 to nake relative
hum dity of the air in the chanber 24 up to 100 % and, at the same tinme, to
bring about such condition that a large ampunt of mnute water drops float,
i.e., msty condition. As a spraying-deyice 6, an air spraying nozzle, for
exanmple, is used to which a_pressuri zi P for water and a conpressor
dgwt B¢ 1p

25 are dbwerferefedy the fanaFdeflaid AhAr thai nefrigarated trjeefrigesata ard - f | ow
type healn@¥hlangehiddty ot hdhighly fultiavlgigda taoﬁd@ﬁgéd\w@mmslﬂbow&l& hown
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whi ¢ h a 13agé oasthat ioh combinstiombta cpantérdies ardoatrass fidve shown in. E.g,
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\tNm ch 'fa %%Qtﬂ%\ﬁtﬂb%?dfﬂmﬁ&’ DAS sagifectReb, tﬁk?h e{f@ﬁtnmsmf]imw%aﬂ%xbﬁaﬁg&ﬂ in
e erature an rf ex ng W er | C 1 S.Sen I N e
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ot herI f Ieaaghaﬁgéﬁg@né}iuoﬁedtdoﬁhhmhy@mameﬁ 19, |h Isetween-flatiplates 2, AQ3in 19
circul ate |Ss.sent, I nto the other O

ci 1 oul ot ey B RIS AR Ur A B ek Mo Yool Ry aFy ST bs |
t he chardiew®dn Bensifl entleathentcexslgmges whidloisea chunteeflowntyng onp of
the small, 61915\%@?1%&1 %%&&QP f&w%dgﬁ%msgpoahmna{é HoRBPEShS 1%&%@@9*\ a

separatin I's to say, e cooling water that” passes through

t he ot hemegtleup @bovee smal | channels 5 is cool ed by the gas flow Aa that
passes through one group of the small channels 4 and, at the sane tine, the
gas flow,ha cra passes through one group of the snall channels 4 is

heat ed. Pt%Pative hum dity of the gas flow Aa that passes through one
group of theAswhbivicimaRigell$, 4 dresofiew typedreatieachangedBaf @58 thar g¢ addunt
ot Co Btk ChaBahhl e (kY Rifhidihdr!c (R84 Ay eHaEhﬁgaad@?{uﬁ]@HQf ation

heat to cool rocess ture
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ot her gfrou he sl e s cooled continuously in
full rarRFeTaReenIf aggnt 19 %@blﬁleéf 1t %‘Hﬁ?& eﬁaﬁi}?aesof%e#%@nﬁﬁ% rand
exchangezo@Emmididiths TheRhRInidfi&8 rdteptl 4akdisided into an adsorbing zone 16
and a reactivating zone 17 by separators 15, 15'. The rotor is provided with a
flowing passage by a duct (not shown in the drawing) as shown by arrows B —

HA — SA. The dehumidifier rotor 14 is continuously rotated and operated at




constant. In this case, when the sprayed quantity fromthe wat er'slprM rzgm
device 6 is too much, mnute water drops gather on the separating wall in
the small channels 4 of the cross-flow type heat exchanger 3 to cohere,
form ng huge water drops and water currents which, with nmuch smaller
surface areas conpared with m nute water drops, cannot fully | ower
tenperature of the gas flow Aa by the heat taken fromthe refrigerant and,
therefore, cannot fully |ower tenperatyye of the refi~i gerant. V\hen m nut e
wat er d s are sprayed so. that I|ttIe nor an {he ncessary ?umls
er
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Ther ef ore wat'er %@J{ f}@@ﬁ ‘gAB td@Sr&{&)ﬁﬁg @%ﬂ%&qﬁi p??l%q@iﬁﬁ{iﬁere is
no pr oblf@mbtmraaldrorfalrt Ve HAw oRRheavtéxy dryhaig flow HAus gepginto thegodet 520
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a: so f:otrmedaéndnigaolmd(y rétort e matleé cﬂféc:ctfdxﬁ‘biet}@gaﬁﬁovﬁuﬁhtl@é cﬁtakmhgnest_
glycol to a 0 . ezin i.n_cpnsj deration
or to adf25HVEHPPAF %en&g} @gfpﬁ%ﬁaﬁ? g']\(l)gsthoﬁngfre?ﬁ %eg’tem
exchangethel eahivating mms 47f hod/ trhepeeatwmatmmha'nﬁér isBemittadphethe0aiw gs 21

shows a ?[{Q‘I ghpd refrigerating device of a freezer in this
exanpl eq?ﬁ%%&? er ence ér omthe exanp] e of Fig. 19 is as Jollaows: In

Exanpl e 9 sh@wrt angl, whgrean; a3r floge Aot tenaperRtyrr26t he Angrelative t he
an @i CP?“B‘?‘V%?%%SS% “'%ﬁél?‘mﬂ’léd A T A Y Lt
channel s ty neerpperadure of, t?’? hfi%‘l’ &&&?2 ?é% lgFﬁat Wag Fds §;9§ay‘fff| s a
8' over cluptiest flthie ?ilﬁqlqv@ :Aei s@;thhﬁenﬁhﬁ@beate&adroﬁhmmmamisllyfﬂ%dteinciltam;erf
aisc ecte~ t he inlet e. qther group of the smald channels 5 o
the cr oggﬂ Hes ntééﬂaﬁggov%;rﬂeﬂgaé)&tﬁgﬁleggeg{;}le%ers Il channels 5
i s connected ’Rh;e tdrg airl BowoHA hmeokinmedr abiveanbly tgessing Ithrowgh tthe beatber
9b is c oL t

refriger an?1 %hggm t ﬁ)e rfeHeezzaegéri%éle Red Qﬁg%ﬁ%e Whﬂlshlzée ?grt %rgai Whi\sht he

st r uct uraingitet atesx drppe nemenewslys ﬂtonb,t B(&ﬁ?rpl' lgeéfx@épt vt feat of

di fferengg d}ﬁd&i&ﬂ@fﬁeﬁeﬁﬁwa%ﬁd%@ ?ﬂﬁﬂﬁé anr ﬂie‘Tvomﬁ tlha;ﬂle Henutlddchanxarl e,

air passe rou e e up o e sma nel s

ot ose- T 1SR e Blar e RgRAnathp o EBEeL £ BB RG ERTEIF FupRly
meant i megir &xdof manmwi'e%&dl(é,t ahso%te Hemnididy mfgg,ﬂ@nnd radativedymikitrer 18
is sent é(g{o the radiator 26 through the pipe 27 to emt heat of the

refrigera Air that has passed through the small channels 5 is to be sent
into this radsaseseeadrom this example, by dehumidifying outer air of temperature

34 C, absolute humidity 14.4 g/kg and relative humidity 43.1 % and by passing
the obtained dry air, whose temperature has been elevated by heat of adsorption

of humidity and whose humidity has lowered, through the heat exchanger 3,
refrigerated dry air of temperature 20.5 ‘C, absolute humidity 4.5 g/kg and
relative humidity 30 % can be obtained. In using this air for air conditioning,
it can be appropriately humidified to obtain comfortable air conditions.

It is a matter of course that a two-cylindered type dehumidifier which is
filled with hygroscopic agent, a cylindrical-type or a Kathabar (trade mark) type



In other words, the radiator 26 is cooled by the air flow cool ed mhllg N 2003
passi ng through the other group of the small channels 5 of the cross P wﬁ
type heat exchanger 3, and the efficiency is nmuch better than that of

direct cooling type by outer air. -4 ,1ilf~l Q3 - 21 1In the
experiments by the applicants, a cross-flow type heat exchanger 3 sane as
that of Exanple 9 shown in Fig. 19 above was used: Air was passed through
the smal|l channels 4 of the cross-flowdtype heat exchanger 3 by the bl ower
Fa at the velocity of 2 nisec. when outer air te rature mas 35 ~C and

rel at i velehumidifisr \prevaigdodrom dKaphabap rcommprny,o EP %a@ capafespse et By t he
sprayi ngeti@yhiclefiér bddi@ss h eERAR y%g%&i&fulhﬂﬁﬁ@k ustfah thegTesdrarasddigple.

cross-fl ow type heat exchanger to the radiator 26 was i0.6 ~C and the
cooling effect of the refrigerant becane extrenely high. In this exanple, a
refri gefiamgledevi ce of a freezer of the present invention can be installed
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in Exanpl e lpyFr.om ré&??e%ﬁlfﬁﬂwbﬁasﬁ‘éﬁtf(ﬁ@ﬁ de fs@mng&o%@ SALRBN
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Desi ccative air-cooling can be continued, taking in fresh outer air
continuously. Therefore increase of inj uri ous gas such as carbon dioxide in
roomair can be conpletely prevented to provide confortabl e space.




Furthernore, there is no environnmental problemraised as Freon gas 4 SJibt2003
used like in prior air-cooling, and it has an excellent effect froma

hygi eni ¢ point of view as there is no need to use a conpressor and hot air
by waste heat m ght not generate bacteria or nold. -1, ~~1JN 003 -23

C .lai.nt A nethod for refrigeration of fluid characterized in that a gas
flow Ais made it into a gas flow Aa which is saturated with a volatile
l'iquid vapor such that said gas flow A and said volatile Iiquid vapor flow
inasimlar direction, and in which_ajd arge amount of m sty mnute liquid
dr ops Mesempled vol atile | quid float, that said gas flow Aa is passed

t hrough one fl ow passage of a heat exchanger and fluid B to be
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performs sensible heat exchange with a refrigerated air flow Aa containing a
large amount of minute water drops to obtain comfortable supply air SA of
temperature 20.5 C, absolute humidity 4.5 g/kg and relative humidity 30 %.
In regulating air conditions of supply air SA, the water amount sprayed to the
air flow Aa is controlled to change temperature of supply air SA. When
humidity of supply air SA is too low, lowering reactivation temperature of the
dehumidifier rotor lowers dehumidifying efficiency of the dehumidifier rotor 14
to increase humidity of the supply air SA to carry out comfortable air
conditioning at will.

In Examples 6 - 8 explained above, by spraying to the air flow Aa liquid
having low boiling point such as ethanol, methyl acetate and methanol, instead
of water used in the spray humidifier, temperature of the supply air flow SA can
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volatile liquid float, that said gas flow Aa is passed through one flow
passage of a heat exchanger having plural flow passages, and that fluid B
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-26 passage, so that the gas flow Aa takes away sensible heat of the fluid
B while the gas flow
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As shown in Fig. 20, this cross-flow type heat exchanger 3 is placed so that
the axis of one group of its small channels 4 is almost vertical and that of the
other group of its small channels 5 is almost horizontal, and a chamber 24 is
installed at a flow inlet 4a of the small channels 4 and is provided with a blower
Fa and a water spray 6. Chambers 9a, 9b are installed at a flow inlet 5a and at a
flow outlet 5b of the small channels 5, and are connected to a pipe 22.

The action of the structure mentioned above is explained below. Now a
refrigerating means using a cross-flow type heat exchanger 3 is explained. A
blower Fa is run to produce a gas flow A, to which water drops are sprayed by a
water spraying device 6 to get a gas flow Aa. The quantity of water sprayed is
to be more than the vaporizing quantity by spraying. Then a part of water
drops sprayed vaporize, taking away evaporation heat to lower temperature of
the gas flow Aa sent into the chamber 24. At the same time the air in the
chamber 24, i.e., the gas flow Aa, comes to have relative humidity of 100 % and
comes into condition in which a large amount of minute water particles float in
the air, i.e., misty condition.

Then this air, in which a large amount of minute water drops float, goes
into one group of the small channels 4 of the cross-flow type heat exchanger 3.
When a freezer 18 is in operation, the refrigerant which is sent into one flow
passage 20 of the heat exchanger 19 is high in temperature and performs heat
exchange with water which is sent into the other flow passage 21 of the heat
exchanger 19.

The water sent into the other flow passage 21 of the heat exchanger 19 is
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small channels 5 of the cross-flow type heat exchanger 3. The outlet 5b of the
small channels 5 is connected to the inlet of the chamber 9b and the outlet of the
chamber 9b is connected to a radiator 26.

A pipe 27 is installed so that refrigerant from the freezer 18 is passed
through the radiator 26. As the structure of this example is same as that of
Example 9 except the difference mentioned above, its explanation is omitted.

In this example, air passes through the other group of the small channels
5 of the cross-flow type heat exchanger 3 by the blower F, being cooled in the
meantime, and reaches the radiator 26. Hot refrigerant from the freezer 18 is
sent into the radiator 26 through the pipe 27 to emit heat of the refrigerant.

Air that has passed through the small channels 5 is to be sent into this radiator
26.

In other words, the radiator 26 is cooled by the air flow cooled while
passing through the other group of the small channels 5 of the cross-flow type
heat exchanger 3, and the efficiency is much better than that of direct cooling

type by outer air.
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In the experiments by the applicants, a cross-flow type heat exchanger 3
same as that of Example 9 shown in Fig. 19 above was used: Air was passed
through the small channels 4 of the cross-flow type heat exchanger 3 by the
blower Fa at the velocity of 2 m/sec. when outer air temperature was 35 C and
relative humidity was 39 %, and 12 liters/hour of water was sprayed by the
spraying device 6. Then temperature of the air that goes from the cross-flow
type heat exchanger 3 to the radiator 26 was 13.6 ‘C and the cooling effect of
the refrigerant became extremely high.

In this example, a refrigerating device of a freezer of the present invention
can be installed ahead of a radiator of an air conditioning device already
installed, and efficiency of a freezer of an air conditioning device already
installed and of a refrigerator etc. can be increased through simple and easy
work.

Effect of the Invention

The present invention is constructed as explained above, and its principle
is to pass as a gas flow for refrigeration a foggy gas flow Aa, having 100% of
relative humidity and in which a large amount of minute water drops float
uniformly, through one flow passage of a heat exchanger having plural fluid
flow passages, and to pass fluid B to be refrigerated such as air or water
through the other flow passage, thus contacting the gas flow Aa with minute
water drops floating and the fluid B with a partition wall between them to heat
the gas flow Aa to lower relative humidity of the gas flow Aa and to evaporate
minute water drops, by whose heat of vaporization the gas flow Aa is
refrigerated and fluid B is refrigerated too through the partition wall. Its
characteristic is that it can regulate refrigeration level of the fluid B by
controlling water amount sprayed by the water spray 6. Or by increasing
sprayed water amount as temperature difference between the gas flow Aa and
the high temperature air flow B grows larger, the fluid Aa increases
refrigeration level of the high temperature air flow B in proportion to
temperature difference between the fluid Aa and the high temperature air flow
B and the air flow B can be refrigerated to an almost constant temperature.
Furthermore, dry refrigerated air can be easily obtained by combining this
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that was used in Example 1 is used and no spray nor humidifier is used for an

air flow for refrigeration, sensible heat exchange efficiency is 63 % as shown as

a contrasting example in Example 1. From this it can be seen that heat

exchange efficiency in fluid refrigeration of the present invention is extremely

high.

The energy consumption necessary for this heat exchange is about 250 W

of operating energy of a fan. The heat energy needed for refrigeration of fluid

B, on the contrary, is one and a half times to several ten times of the energy

consumption, for example, which value increases as temperature of the fluid B

elevates.

This refrigeration device for fluid can be used for refrigeration of gas and

also for desiccative refrigeration of gas by adding a dehumidifier as shown in

Examples 6 - 8, thus for an air-conditioning apparatus. As the operation cost

in this case is extremely low as mentioned above, it is not necessary to use room

air in recirculation repeatedly for desiccative cooling in a closed room:

Desiccative air-cooling can be continued, taking in fresh outer air continuously.

Therefore increase of injurious gas such as carbon dioxide in room air can be

completely prevented to provide comfortable space.

Furthermore, there is no environmental problem raised as Freon gas is

not used like in prior air-cooling, and it has an excellent effect from a hygienic

point of view as there is no need to use a compressor and hot air by waste heat

might not generate bacteria or mold.
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1. A method for refrigeration of fluid characterized in that a gas flow A is made
it into a gas flow Aa which is saturated with a volatile liquid vapor such that said gas flow A
and said volatile liquid vapor flow in a similar direction, and in which a large amount of misty
minute liquid drops M of said volatile liquid float, that said gas flow Aa is passed through
one flow passage of a heat exchanger, and fluid B to be refrigerated is passed through the
other flow passage of said heat exchanger, wherein the one flow passage and the other
flow passage include a plurality of channels, so that sensible heat of the fluid B is given to
the gas flow Aa while the gas flow Aa passes through one flow passage of the heat
exchanger to elevate temperature of the gas flow Aa, that a large amount of minute liquid
drops M floating in the gas flow Aa is vaporized, and that the temperature of the gas flow
Aa is continuously lowered by the vaporization heat of the liquid drops to continuously

refrigerate the fluid B through sensible heat exchange between the gas flow Aa and the
fluid B.

2. A method for refrigeration of fluid according to Claim 1 in which the amount
of minute liquid drops M floating in the gas flow Aa is changed corresponding to the change

of temperature difference between the gas flow Aa and fluid B.

3. A method for refrigeration of fluid according to Claim 1 in which the flow
velocity of the gas flow Aa, in which minute liquid drops M float, is changed corresponding
to the change of temperature difference between the gas flow Aa and fluid B.

4. A method for refrigeration of fluid according to Claims 1 — 3 in which the gas
flow A is made into a gas flow saturated with volatile liquid vapor and volatile liquid mist is
further added to said gas flow to make it into the gas flow Aa in which a large amount of

minute liquid drops M float.

5. A method for refrigeration of fluid according to Claims 1 — 4 in which a gas
flow Ab containing large amount of volatile liquid vapor exhausted from the outlet of one
flow passage of the heat exchanger is returned to the inlet side of the same flow passage of

the heat exchanger and mist of a volatile liquid is added to said gas
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8. A method for refrigeration of fluid according to Claims 1 - 7 in which the

diameter of sprayed particle drop is not more than 280 ym.

9. A method for desiccative refrigeration of gas characterized in that volatile
liquid mist is added to a gas flow A to make it into a gas flow Aa which is
saturated with said volatile liquid vapor and in which a large amount of misty
minute drops M of said volatile liquid float, that said gas flow Aa is passed through
one flow passage of a heat exchanger having plural flow passages, and that a dry
gas flow B dehumidified by a dehumidifier beforehand is passed through the other
flow passage, so that sensible heat of the gas flow B is given to the gas flow Aa
while the gas flow Aa passes through one flow passage of the heat exchanger to
elevate temperature of the gas flow Aa and to vaporize minute water drops M
floating in said gas flow Aa, and temperature of said gas flow Aa is continuously
lowered by the heat of vaporization to continuously refrigerate the gas flow B
through heat exchange between the gas flow Aa and the gas flow B to continuously

supply refrigerated dry gas.

10. A method for desiccative refrigeration of gas characterized in that volatile
liquid mist is added to a gas flow A to make it into a gas flow Aa which is
saturated with said volatile liquid vapor and in which a large amount of misty
minute drops M of said volatile liquid float, that said gas flow Aa is passed through

one flow passage of a heat exchanger having plural flow passages, and that a gas
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flow B is passed through the other flow passage, so that sensible heat of the gas

flow B is given to said gas flow Aa while the gas flow Aa passes through the flow

passage of the heat exchanger to elevate temperature of said gas flow Aa and to

vaporize minute liquid drops M floating in said gas flow Aa, the temperature of

said gas flow Aa drops continuously by the heat of vaporization to refrigerate the

gas flow B through heat exchange between the gas flow Aa and the gas flow B, and

said refrigerated gas flow Ba is passed through a dehumidifier to be dehumidified,

to continuously supply refrigerated dry gas.

11. A method for desiccative refrigeration of gas characterized in that two heat
exchangers having plural flow passages and a dehumidifying means are used, that
volatile liquid mist is added to a gas flow A to be passed through the two heat
exchangers to make it into a gas flow Aa which is saturated with volatile liquid
vapor and in which a large amount of misty minute drops of said volatile liquid M
float, that said gas flow Aa is sent into one flow passage of each of the two heat
exchangers, and that a gas flow B is passed in order through the other flow passage
of the first heat exchanger, the dehumidifying means and the other flow passage
of the second heat exchanger, so that sensible heat of said gas flow B and of a high
temperature dry air flow HA after being dehumidified by the dehumidifying means
is given to said both gas flows Aa while said both gas flows Aa pass through each
of the first flow passages of the first ana the second heat exchangers to elevate
temperature of said both gas flows Aa and to vaporize minute water drops M
floating in said gas flows Aa by sensible heat of the high temperature gas flows B
and HA, and temperature of said gas flows Aa declines continuously by the heat

of vaporization to continuously supply low temperature dry gas SA.

12. A device for refrigeration of fluid characterized in that volatile liquid mist
is added through a mist-forming means for volatile liquid to a gas flow A to make
it into a gas flow Aa which is saturated with volatile liquid vapor and in which a
large amount of misty minute drops M of said volatile liquid float, that said gas
flow Aa is passed through one flow passage of a heat exchanger having plural flow

passages, and that fluid B to be refrigerated is passed through the other flow
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passage, so that the gas flow Aa takes away sensible heat of the fluid B while the gas flow
Aa passes through one flow passage of the heat exchanger to vaporize a large amount of
minute liquid drops M floating in the gas flow Aa, and temperature of the gas flow Aa
declines continuously by the heat of vaporization to continuously refrigerate the fluid B, and

in which the surface of the heat exchanger element is hydrophilic.

13. A device for refrigeration of fluid according to Claim 12 in which a means of
introducing volatile liquid vapor is provided upstream a mist-forming means for volatile

liquid.

14, A device for refrigeration of fluid according to Claim 12 in which provided are
a duct and a fan that leads a gas flow Ab exhausted from one outlet of a heat exchanger to

the inlet side of the heat exchanger to circulate a gas flow Aa for refrigeration.

15. A device for refrigeration of fluid according to Claims 12 — 14 in which a heat
exchanger is of either one of a cross-flow type, a diagonal cross-flow type, a counter-flow
type or a counter-flow/cross-flow combined type, consisting of a honeycomb laminate

formed by laminating flat sheets and corrugated sheets alternately.

16. A device for refrigeration of fluid according to Claims 12 — 14 in which a heat
exchanger is of either one of a cross-flow type, a diagonal cross-flow type, a counter-flow
type or a counter-flow/cross-flow combined type formed by laminating sheets with many

spacers between them.

17. A device for refrigeration of fluid according to Claim 15 or 16 in which minute

particles are rigidly adhered onto the wall surface of a flow passage of a heat exchanger.
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109X&& Oheake%f@f@éﬁ‘?‘s@that tﬁéga@(‘ﬁé‘w(&a takes away sensible heat of the fluid B while the
gas flow Aa passes through one flow passage of the heat exchanger to vaporize a large

amount of minute liquid drops M floating in the gas flow Aa, temperature of the gas flow Aa
declines continuously by the heat of vaporization of the drops M to continuously refrigerate
the high temperature gas flow B, and also that a dehumidifying means is provided in the

upstream side of the high temperature gas flow B in the heat exchanger mentioned above.

20. A device for desiccative refrigeration of gas characterized in that volatile
liquid mist is added through a mist-forming means for volatile liquid to a gas flow A to make
it into a gas flow Aa which is saturated with the volatile liquid vapor and in which a large
amount of misty minute drops M of said volatile liquid float, that said gas flow Aa is passed
through one flow passage of a heat exchanger having plural flow passages, and that a high
temperature gas flow B to be refrigerated is passed through the other flow passages, so
that the gas flow Aa takes away sensible heat of the high temperature gas flow B while the
gas flow Aa passes through one flow passage of the heat exchanger to vaporize a large
amount of minute liquid drops M floating in the gas flow Aa, temperature of the gas flow Aa
declines continuously by the heat of vaporization of said minute liquid drops to continuously
refrigerate the high temperature gas flow B, and also that a dehumidifying means is
provided in the downstream side of the high temperature gas flow B in the heat exchanger
mentioned above.



hcdeeeeeef vU4 "10%D8&' ()-- F10%D&&' ()- @Y109D&S ()- 10X&10OX&10X&
P #109X&& ()- Kk #109X&& ()-f:ghl |1 nn| Z9, 410D& kOS) #1090&& ()-m  ~ & JUN 2003
| S)#10%&' ()-m y&I0YD&&' ()- p #109D&& ()- #109D&& () -

10%0&&' () - nnnnnooMp9r a@10D& |1 "10%4&& ()-'! " 1"10%&& () -

T1"109%&& () - 109&R () - !

T 940%&& () - 10D&1OD&Ir squwuw) X* x+x, Xx{ ZM@10101&101&101& ~,) " 10%.&& () -
T,)"10%&& ()- 1, ) "109%& () - ‘I"10(V<i&&() "1 kOl "10%&& ()-'!, X;

xBxxxuyy| [ : M@1010 @$10%&' () a’ "109%&R&F ()- "109%& ()- " 10%(&&' ()-f

109&& () - &YLO9X&E: t} NA41010X&10X&10X& a *" 109X&&' (
" 109& ()-' \ 2D $1 v'ey OO@M@W& refyigenaticp ﬁ@ﬁﬁ@@a@deﬂﬁ@fi[ml\lmtlmet”e

yﬁgfﬁ% |ﬁhnd%lst ﬁé%@d@%r&%“’g/‘é n#%tiz?r‘cf%%%wea% ﬁ}Q/o/f%tll@l égmfté%" &f(és%( &5t13% make

p2#10%<&&t v@ fo ameof@wf\aa mms{szgvmwm@e vptmgzlqwd ooy andogarhigh a large

58!7\1/(');/;2408/4 ks of g?sgkb’g?'gs%@ud( \)olatllc.LTfa'Jné‘M& that safdg%ﬁ ﬁ%w/‘ﬂ@ﬁs %%%&%waw U410

" 10YR& O(n)e oy passag@m_f&WOCrmaim%zm&rS( yawmg 'pm%fka&r pyssag@s 1@%&&1 @) high

" 1094 &&: ‘ P1&RG
K #100/<><&8t:é'%“5J ° #1o%e‘>§f<§tﬂé“m’t g&%ré& (%%g’/o(&&'g )-%oﬁﬂegplo 1&F>c§"’ed/eﬁS el

Y100k&8&' (the 98a oy & t@b&ee‘»lw qw&i@mtw thelmgb(wwqrature gavfgwd whilelthe gas

@-;ng/‘({)&ga‘% @Ae{b s%§‘?ﬂr9u Em s(a%;e O;# 4 %Pe%f%‘néért l\(/gpi%r%é“gé |£a>g'e"amount
701 " 10% 'n‘(n)ute liquid gm&&ﬂpqtmg rpthe- q9IT® @)tempe@turg@%{@ggqsﬁlaw Aa declines

~#iéoo/a(%&§%( é:bin O%L[é’/l By %%&k 1O$ Zét_ODn oﬁ%Q%@u’t@&gfég/&%@%&d l:ont|nuou3|y
L@ 10%de 'Pe'@ti@ﬁlwwwef&t%m%ew B.oantoalge:a( ehwwymmm@ provided

1008988’
£ L@¢100/a§/%4 %91%%@602(@& e a&é&a@&?q@g‘é} §1OW§OQ)3'% @ e STNS0eL () -

, #10%3%?&0(/9 #109898& () - yfl0989B& () - GbA4103%3 Fs& 109& () -
F:110%9& ()-Z F& 1098& () - FS&lOW&' ()- OF%81098" & ()- 103%3103%3~vU410
| f:109%& ()- & 109%B& ()-10%40%10% 329! 1098&' () - 3F9! 1098& ( 8 _
Ff:11098& ()- 22 A device for desiccative refrigeration of gas according to Claims 19 - 21 in

which an introducing means of volatile liquid vapor is provided in the upstream side of the

spray for volatile liquid.

23. A device for desiccative refrigeration of gas according to Claims 19 - 21 in
which provided are a duct and a fan that lead a gas flow Ab exhausted from one outlet of a
heat exchanger to dne inlet of the heat exchanger to circulate a gas flow Aa for
refrigeration.

24. A device for desiccative refrigeration of gas according to Claims 19 - 23 in
which a heat exchanger is of either one of a cross-flow type, a diagonal cross-flow type, a
counter-flow type or a counter-flow/cross-flow combined type, consisting of a honeycomb

laminate formed by laminating flat sheets and corrugated sheets alternately.

25. A device for desiccative refrigeration of gas according to Claims 19 - 23 in

which a heat exchanger is of either one of a cross-flow type, a diagonal
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minute liquid drops of said volatile liquid float in the gas flow to make foggy gas stream,
said foggy gas stream is introduced in a group of passing paths of a heat exchanger having
two groups of passing paths for 2 fluids which proceed heat exchange each other, and a
fluid introduced in the other group of passing paths is refrigerated by the vaporization heat

of the liquid drops in the heat exchanger.

27. A device for refrigeration in a freezer to refrigerate a fluid to be heat-
exchanged with an exhaust heat source of a freezer, characterized in that volatile liquid
mist is added to a gas flow to make it into a gas flow which is saturated with said volatile
liquid vapor such that said gas flow A and said volatile liquid vapor flow in a similar
direction, and misty minute drops of said volatile liquid float in the gas saturated with a
volatile liquid to make foggy gas stream, said foggy gas stream is introduced in a group of
passing paths of a heat exchanger having two groups of passing paths for 2 fluids which
proceed heat exchange each other, and a fluid introduced in the other group of passing
paths is refrigerated by the vaporization heat of the liquid drops floating in the foggy gas

stream in the heat exchanger.

28. A device for refrigeration in a freezer according to Claim 26 or 27, in which
the fluid to be refrigerated is selected from the group consisting of water and a liquid

mixture containing water.

29. A device for refrigeration in a freezer according to Claim 26 or 27, in which

the fluid to be refrigerated is a gas.



