- 1 - DESCRI PTI ON HEAT EXCHANGER AND REFRI GERATI ON
CYCLE APPARATUS Technical Field [0001] The present
invention relates to a heat exchanger for adsorbing
wat er content in the air, and a refrigeration cycle
appar atus havi ng the sanme. Background Art [0002] In a
refrigeration cycle apparatus using a refrigeration
cycle such as an air condit{oning systemand a
refrigeration system a conpressor, a condenser (heat
exchanger), an expansion val ve, and an evapor at or
(heat exchanger) are basically connected with the
pipe to forma refrigerant circuit for circulating a
refrigerant such as a geotropic refrigerant m xture,
a pseudo azeotropic reFPeREFRAPN M xture, and a single
refrigerant. Utilizing that the refrigerant absorbs
andHFadi BXEEPNEER AgH) ﬁ&FRaﬁqER@J&%&‘g}ﬁ P RHE SR
exchange upon evaporati on and condensation, the
air-conditioning and cooling operations are perforned
whi | e. changing the pressure of the refrigerant
Tec%%%%?hgpfﬁg%ugh a pipe. [0003] - 2 The heat exchanger
[Oogfpctioning as the evaporator and

The present invention rélates to a heat exchanger for
adsorbing water content in the air, and a refrigeration
cycle apparatus having the same.

Background Art
[0D002]

In a refrigeration cycle apparatus using a
refrigeration c¢ycle such as an air conditioning system and a
refrigeration system, a compressor, a condenser (heat
exchanger), an expansion valve, and an evaporator {(heat
exchanger) are basically connected with the pipe to form a
refrigerant circuit for circulatiﬁg a réfrigerant such as a
geotropic refrigerant mixture, a pseudo azeotropic
refrigerant mixture, and a single refrigerant. Utilizing
that the refrigerant absorbs and radiates heat against air
subjected to the heat exchange upon evaporation and
condensation, the air-conditioning and cooling operations
are performed while changing the pressure of the refrigerant
passing through a pipe.

{0003]



t he condenser allows the refrigerant to pass through
the pipe therein to perform heat exchange. Since in
the heat exchanger serving as the evaporator, the | ow
tenperature refrigerant passes through the pipe to
absorb the heat in the air, the water content (vapor)
inthe air is condensed on the surface of the pipe to
be deposited thereon as frost. Wen the frost is
deposited (formed), the frost exists between the
refrigerant and air. The deposited frost narrows a
gap through which air passes, thus interfering with
t hehe ahéaf | @chidegér ekahangenbayweenthbeervapbirgenantnd
and air cannot be appropriately perfornmed, thus
thedebrdkakati agloaperakti ge fefiletiaencito Paeseftdremugh the
defrosting for renoving the frost adhered to the
pipevaheratiar tosppefbemmaeatn ex chaegd .ar Hasies, irortlwhdreat
it is judged that efficiency is deteriorated. [0004]
exclhegdef sestiing amy themewve e torostthedHeve ¢ emp gt ure
evaporator, but consunes an extra energy, thus failing
refrogeraptopasske éhfriovighndyneopifte tai rrlueridt tilvhibgpt 1n
system Imrediately after finishing the defrosting,
thet hary efpper apGes contend f(Ve@easr) dﬁdgtrf@r ré igeriat grondensed
i ncreased although it is required to naintain a
on phedelsitRicredft EMsePARE & Afydlenas i tar PRI 2% hErost -

| oad for cooling up to a require t erat ure range
WhePstPﬁcFé§§§d}stﬁ@?oﬁdﬁ¥¥%rté§ﬁﬂﬁﬁ%'ndgg? {ﬁ%égr?%?s S
bet %\g%r ’th%e%%lftriin riarr]1tefafnid0iaeinrc.y Tq'xeé ec{é;%saitt'ieo&]'frost Nnarrows
a gap through which air passes, thus interfering with the
air flow. Heat exchange between the refrigerant and air
cannot be appropriately performed, thus detericrating
operation efficiency. Therefore, defrosting for removing
the frost adhered to the evaporator is performed on a
regular basis, or when it is judged that efficiency is
deteriorated.
[0004]

The defrosting may remove the frost adhered to the
evaporator, but consumes an extra energy, thus failing to
improve the efficiency of the air conditioning system.
Immediately after finishing the defrosting, the temperature
in the freezer and refrigerator is increased although it is
required to maintain a predetermined temperature range. In -

such a case, the load for cooling up to a required

temperature range is increased, thus further consuming



[ 0005] Meanwhile, in the case of such as an air

conditioning systemfor cooling/heating, in the

i n-between period of cooling (rainy season, autumm)

for exanple, a cooling load tends to be small. In

such a case, an operation frequency of the conpressor

is usually controlled to decrease the flow rate of

the refrigerant (per unit_téng) circulated in the

refrigerant circuit. At this time, the evaporating

tenperature in the evaporator increases to renove a

sensi ble heat. However, a latent heat (water content
elechrtke pawer, ( vapal)t)ingy nnetf fie irreroy etk t d1fi ddee dcat ent

heat in the room cannot be renoved, the relative
[00RGH dity in the air in the roomwll be increased,

whi ch cause disconfort of the person in the roomto

i Ndeenaskilf0008] thA degeceff suchemsyiang atitre omadért ioning

content in the air has been disclosed to solve the
sysgeor évanicoodddgiheiitdamy f dn tdeanpl-de heeParaniod of

Docunent 1). The dehum difying device uses zeolite
coodfingh (re il YpGregden nergamind Sddexample mat egooling load

adsorbing material (hereinafter referred to as an
tengdgs ¢obibRg Shigdtler | I Fusih ex&iffi%e, db RIS IR tirpqEncyY

perform ng heat = exchange between the air_ and

of &t CHBPERS SSUppdr U LdbAH Todfhe A5 R Tlow
e Rl Palent . APPSR 0N RUBLCU M g i ene
refrigerant circuit. At this time, the evaporating
temperature in the evaporator increases to remove a sensible
heat. However, a latent heat (water content in the air
(vapor)) may not be removed. If the latent heat in the room
cannot be removed, the relative humidity in the air in the
room will be increased, which cauée discomfort of the person
in the room to increase.

[0006]

A device for removing the water content in the air has
been disclosed to solve the aforemenfioned problem (for
example, see Patent Document 1).. The dehumidifying device
uses zeclite which is a porous inorganic oxide, as a water
adsorbing material (hereinafter referred to as an adsorbing
material) for example, to make the fin for performing heat
exchange between the air and refrigerant support it.

[Patent Document 1} Japanese Unexamined Patent

Application Publication No. 2004-353887 (Fig. 1)



Problens to be Solved by the Invention [0007] In the

af orenenti oned device, the thernmal expansi on may

cause distortion between the fan and the adsorbing

material, so that the adsorbing material nay peel off

to be contained in the air and dispersed. In the case

where such device is enployed in the freezer and

refrigerator for storing foods, it is required to

prevent the adsorbing mat &r ffal frombeing peeled off

for quality control of foods. The aforenentioned

requi renent may be applied to the heat exchanger for

air conditioning in the living space. It is therefore

difficult to control the heat exchanger using the
Disadselieng fmatekindlion The 1 oss in thermal conduction

may | ower the energy efficiency. [0008] |If the
Propéehist ol Hecigplloned s thee Iadsorthiorg material on the

surface of the desiccant rotor for renmoving a water
[00edntent in the air which flows into the heat

exchanger, the tenperature required for desorption is

hi §h. tTheréboemenittiiones! diefficeul theo thesoel texpansion may

adsor ped water using the tenperature of the .
causef diigdoatticn datwearhrdwgfarhend divs geterb s diaerial,

and to re-use the water. [0009] T h e present _
so ithedntthen adsanidea eafdinie may aresrlerhit i ohdep contained
. problem and an object of_the present .invention is to .
in gheyvisde akestl pedvfifher Bhdhe (SF58 JEIek§ grpch device 1s

employed in the freezer and refrigerator for storing foods,
it is required to prevent the adsorbing material from being
peeled off for quélity control of foods. The aforementioned
requirement may be applied to the heat exchanger for air
conditioning in the living space. It is therefore difficult
to control the heat'exchanger using the adsorbing material.
The loss in thermal conduction may lower the energy
efficiency.

[0008]

If the zeolite is employed as the adsorbing material on
the surface of the desiccant rotor for removing a water
content in the air which flows into the heat exchanger, the
temperature required for desorption is high. Therefore, it
is difficult to desorb the adsorbed water using the
temperature of the refrigerant flowing through the
refrigerant circuit and to re-use the water.

[0003]



cycl e apparatus such as an air conditioning device and
refrigerator capable of nore efficiently adsorbing
water perform ng the heat exchange. Means for Sol ving
the Problens [0010] A heat exchanger according to the
present invention includes fins for heat transfer in
t he heat exchanger for exchangi ng heat between a
refrigerant and air. The fip has fin pores on the
surface for adsorbing the water in the air by
capil l ary condensation. Each of the fine pores has a
different dianeter depending on the position on the
sUtHaceresént henvemsiof 004 Lhad®r ebesably the fine
pores are in the range from1l to 20 nm The finis
aforamentionetaperbakmwhiaoh eontiirs tabinithempretsiendni um
zirconium niobium or tantalum The fine pores are
invénkhed by & RNodideori baeitomxwbehagr Ander fredfmiggration
recess portions at predeterm ned intervals on the
cychat ePParatis pechhésf ph, afiitn cpofdd 1ead nise dediirfed and
the anodic oxidation nethod. - 6 - Advantages [0012]
refnhgeFpherp6rR3PAReCfoFREG 6 THisd edbrfadd Sor e Mat <ot
t he heat exchanger such that the fin itself functions
perigrppag ﬁﬁ?epeégSSFSpﬁ&g@nit using the capillary
condensati on

Means for Solving the Problems
f0010}

A heat exchanger according to the present invention
includes fins for heat transfer in the heat exchanger for
exchanging heat between a refrigerant and air. The fin has
fin pores on the surface for adsorbing the water in the air
by capillafy condensation. Each of the fine pores has a
different diameter depending on the position on the surface
of the fins.

[0011]

Preferably the fine pores are in the range from 1 to 20
nm. The fin is made of a material which contains aluminum,
titanium, zirconium, niobium, or tantalum. The fine pores
are formed by an anodic oxidation method. After forming
recess portions at predetermined intervals on the material
to be the fin, fin pores can be formed by the anodic

oxidation method.



phenonmenon. The heat exchanger capabl e of nmaking the
fins adsorb water contained in air in the subject
space may be provided without requiring special neans
and materials. The peeling-off of the supported
adsor bi ng nenber never occurs, thus it is safe from
the viewpoint of sanitation and easy to nanage. No
pressure | oss of air caused _by the adsorbing nateri al
occurs, so that ef ficient h&t exchange can be
performed in view of the energy consunption. Since it
IS not necessary to provide adsorbing nmaterial, the
Advappagaisus can be made conpact. By nmking each
di ameter of the fine pores different depending on the
[oop@gition on the fin surface, it is possible to obtain
t he heat exchanger appropriately performng
adsbepfion/ gegesptuiren folmined bai nhessutrdblcy adaphed ftim of
the environment. Brief Description of the Draw ngs
the[ 0@43] efihgingljr Eugh IHat & heorfirgurtatdloh furest shoniary the
an essential portion of the structure of a heat,
watexc hssge inge eovidi g ing Bhansapillary cqrriens #a]omF g.
2a is a view showng a relationship between the fine
pheperengiranetldre dfeatheAGhangficiFaRsainke e Nategty the fins
exchanger and the relative humdity. [Fig. 2b] Fig. 2b
adsiogby Watel SRl Siowithdfow URIRE E&C%é?%g be
adsorped in the fine por Fi Vi ew

progmdn@:m%tr&q%qw §p4c1a ' n?éanl:si Y niléc’tgrlals . The
peeling~off of the supported ddsorbing member never occurs,
thus it is safe from the viewpoint of sanitation and easy to
manage. No pressure loss of air caused by the adsorbing
material occurs, so that efficient heat exchange can be
performed in view of the energy consumpticn. Since it is
not necessary to provide adsorkbing material, the apparatus
can be made compact. By making each diameter of the fine
pores different depending on the position on the fin surface,
it is possible to obtain the heat exchanger appropriately
performing adsorption/desorption while being suitably

adapted to the environment.

Brief Description of the Drawings
[0013]

[Fig. 1] Fig. 1 is a configuration view showing an
essential portion of the structure of a heat exchanger

according to Example 1.



the fine pore dianeter and adsorption. [Fig. 4] Fig. 4
is a view showi ng an exanple of the water adsorbing
characteristics of the fine pores on the surface of a
fin 45, [Fig. 5] Fig. 5is an enlarged view of the
surface of the fin 45. [Fig. 6] Fig. 6 is a
structural view show ng the heat exchanger having a
fine-pores distribution of glaong an air flow
direction (colum direction). [Fig. 7a] Fig. 7a is a
view showi ng the relationship between the air flow
direction (colum _direction) and the relative
huh§ 49 t y2a fFF §9- 783 FFg2 YbheWsshovilew showmilagichehip
rel ati onship between the air flow direction and the
bet‘gﬁ%rﬁbﬁoﬁlaﬁoeﬁre dippgtegapiFithe dan shiah dgrms the

the rel atjonship between the air flow

heaﬁi?ﬁﬁggﬁﬂe(cépgnﬁ 8|F@&?F&NF I HEY rel ati ve
F%dlty {F%g 85% . 8b is a view showi ng the
atYo Pet eﬁstﬁeVéPW FFBﬁméFﬂééﬁﬂﬁnSgﬁﬂlpﬁehow
t . 9
the %%éﬁgbon Be BB, Lo dodthr M &he {10 havi ng

| PTG G b TRt nEtRBAST B PHarPRBETAFG ShS of

the f EhBayL DG &haﬁeEgEeénﬁ'%%é%fﬁtuﬁ¥e”t di ameter.

[Fig. 4] Fig. 4 is a view showing an example of the
water adsorbing characteristics of the fine pores on the

surface of a fin 45.

[Fig. 5] Fig. 5 is an enlarged view of the surface of
the fin 45.

[Fig. 6] Fig. 6 is a structural view showing the heat
exXchanger having a fine-pores distribution of along an air
flow direction (column direction).

[Fig. 7a] Fig. 7a is a view showing the relationship
between the air flow direction (column direction) and the
relative humidity.

[Fig. 7b] Fig. 7b is a view showing the relationship
between the air flow direction and the adsorption amount.

[Fig. 8a] Fig. 8a is a view showing the relationship
between the air flow direction (column direction) and the
relative humidity.

[Fig. 8b] Fig. 8b is a view showing the relationship

between the air flow direction and the desorption amount. -




[Fig. 10] Fig. 10 shows operation points on the
psychronetric diagram [Fig. 11] Fig. 11 schematically
shows an exenplary structure of a refrigeration cycle
apparatus according to Enbodinent 4. [Fig. 121 Fig.
12 is a relationship view showng a relationship
bet ween the evaporating tenperature and COP. [Fig.
13] Fig. 13 is a schematic giQM/shomAng an exenpl ary
structure of the refrigeratron cycle apparatus
according to Enbodinment 5. [Fig. 14] Fig. 14 is a
schematic view three- dinensionally showi ng a
hubvdgf ypay whgt BE Lhea vétwi ghbatingnthgchethod for
apparatus. [Fig. 15] Fig. 15 is an illustrative view
manglfiewitnginige thet dtie hWastiegarf iaier prassagd tin thre igwcor
~unit is switched. [Fig. 16] Fig. 16 is a P-h diagram
diaghderng the state of the refrigerant in the
refrigeration cycle. [Fig. 17] Fig. 17 is a
ph&yetr ofel r F&gdi 89r am foviewxphawaingg thkemepbost ifor
of the refrigeration cycle 9 - apparatus. [Fig. 18]
manpfactyging ihecHdpahpyipidefigkowW ot sl tdx enplidifierent
. structure of the refrigeration cycle apparatus
diaget§fding to Enbodiment 6. [Fig. 19] Fig. 19 is a

schemat i i ew showi ng the structure of the indoor
unF 1ﬂavfﬂé E1fui LP- P OWFapBRafsLON pPolnts on the

psychrometric diagram.

[Fig. 11] Fig. 11 schematically shows an exemplary
structure of a refrigeration cycle apparatus according to
Embodiment 4.

[Fig. 12] Fig. 12 is a relationship view showing a
relationship between the evaporating temperature and COP.
[Fig. 13] Fig. 13 is a schematic view showing an
exemplary structure of the refrigeration cycle apparatus

according to Embodiment 5.

[Fig. 14] Fig. 14 is a schematic view three-
dimensionally showing a humidifying unit of the
refrigeration cycle apparatus. |

[Fig. 15] Fig. 15 is an illustrative view showing the
state where an air passage in an indoor unit is switched.

[Fig. 16] Fig. 16 is a P-h diagram showing the state of
the refrigerant in the refrigeration cycle.

[Fig. 17] Fig. 17 is a phsychrometric diagram for

explaining the operation of the refrigeration cycle




[Fig. 20] Fig. 20 is an illustrative view show ng the
state where the air passage in the indoor unit is
switched. [Fig. 21] Fig. 21 is a P-h diagram show ng
the state of the refrigerant in the refrigeration
cycle. [Fig. 22] Fig. 22 is a psychronetric di agram
for explaining the operation of the refrigeration
cycle apparatus. [Fig. 23]gFig. 23 is a schematic
vi ew showi ng an exenplary structure of the
refrigeration cycle apparatus according to Enbodi nent
7. Reference Nunerals [0014] I,la,lb,lc,Id
appamftiisger ant pi pe 2, 2a, 3, 3a bypass pipe 10 conpressor
20 condenser_ 30, 31, 32, 33, 34, 35, 36, 37 _on-of f val ve
34 F3g .t Btde Fiay. Vi Jies -a 1-henpt Heat 1 ey chapigbRd 48
heat exchanger with distributed fine pores
exenplamy pieer 919f 44k s1eTREGEr8kéRBNGEF L RopPPaT LS
dehum di fication/humdification 45 fin 45a fine pores

accoiEh pprigudzg@tnent 6

[Fig. 19] Fig. 19 is a schematic view showing the

structure of the indoor unit having a built-in evaporator.

[Fig. 20] Fig. 20 is an illustrative view showing the
state where the air passage in the indoor unit is switched.

(Fig. 21} Fig. 21 is a P-h diagram showing the state of
the refrigerant in the refrigeration cycle.

[Fig. 22] Fig. 22 is a psychrometric diagram for
explaining the operation of the refrigeration cycle
apparatus.

[Fig. 23] Fig. 23 is a schematic view showing an
exemplary structure of the refrigeration cycle apparatus

according to Embodiment 7.

Reference Numerals
[0014]
1,1a,1b,1c,1d refrigerant pipe
2,2a,3,3a bypass pipe
10 compressor
20 condenser ‘
30,31,32,33,54,35,36,37 on-off valve

38, 39 three-way valve



45c barrier |ayer 45aa fin at the first colum 45ab
fin at the second colum 45ac fin at the third colum
46 heat transfer pipe 50,51 back-fl ow prevention
menber 60, 61, 62,63,64,85 throttle device 70
evapor at or 80, 80a, 80b control unit 81
tenperature/hum dity detection unit 90,91 bl owner

100, 100a, 100b, 100c refrlgeratlon cycle appar at us

300, 300a i ndoor uni t 10

301a, 301b, 302a, 302b, 303a, 303b, 304a, 304b, 311a, 311b, 312a
, 312b, 313a, 313b, 314a, 314b air passage sw tching
undt 3058 30RhaHgar 315b air passage switching unit
400 refrigerated warehouse 401 interior - 11 - 500
ex4 @4 Nalestt re6dlanige PONEEh SQLE CLibGROd ef Enérpbyes 630

el ectrol yte vessel 640 carbon electrode 650 fin Best
Mogle, fios, Caby yilog4Odt 4tbedldveritdaon exchanger for

dehumidification/humidification

45 fin

45a fine pores

45b porous layer

45¢c barrier layer

45aa fin at the first celumn

45ab fin at the second column

45ac fin at the third column

46 heat transfer pipe

50,51 back-flow prevention member

60,61,62,63,064,85 throttle.device

70 evaporator

80,80a,80b control unit

81 temperature/humidity detection unit

90,91 blower

100,100a,100b,100c refrigeration cycle apparatus

300, 300a indoor unit

301a,301b,302a, 302b, 303a, 303b, 304a, 304b, 311a, 311b, 312a,
312b, 313a, 313b, 314a, 314b air passage switching unit

305a,305b,315a,315b alr passage switching unit

400 refrigerated warehouse

401 interior




[0015] EMBODI MENT 1 Fig. 1 shows an essential portion
of a heat exchanger 40 according to Enbodi nent 1 of
the present invention. The structure of the heat
exchanger 40 as the featuring part of the present
invention will be described referring to Fig. 1. The
heat exchanger of a fin tube type which has been
widely used for the refriggrator and air conditioning
systemw || be explained as an exanple. [0016] The
heat exchanger 40 is mainly conposed of plural fins
45 for heat exchanger (hereinafter referred to as a
fidPUs5extegmdlpladral heat transfer pipes 46. The fin
45 of the present enbodinent is a flat plate made of
t el Qratder ingiweni tsourceni gh thermal conductivity
(thermal conductivity: approximtely 230 WnK) such
astHl uiilewhrofheEe in 45 has fine pores on the surface
as_described |ater. The plural - 12 fins 45 are
Ia@ﬁ%ateé{?cétroalkﬁ?eédéﬁtse?% ned interval. The heat
transfer pi pes 46 are_provided, for exanple, at a

Hot SARRBY §IREERES so as to penetrate through

ormed in each fin 45. Each heat transfer pipe
46&%i J%ék part of a refrigerant circuit, allow ng

the refrigerant to flow therethrough. The heat of the
refrigerant flomﬁng through the heat transfer pipe 46

mes HERRSERE PLLANG PIE, tHEOIB B 0o o
[0015]
EMBCDIMENT 1

Fig. 1 shows an essenfial portion of a heat exchanger
40 according to Embodiment 1 of the present invention. The
structure of the heat exchanger 40 as the featuring part of
the present invention will be described referring to Fig. 1.
The heat exchanger of a fin tube type which has been widely
used for the refrigerator and air conditioning system will
be explained as an example.
{0016]

The heat exchanger 40 is mainly composed of plural fins
45 for heat exchanger (hereinafter referred to as a fin 45),
and plural heat transfer pipes 46. The fin 45 of the
present embodiment is a flat plate made of the material with
a high thermal conductivity (thermal conductivity:

approximately 230 W/mK) such as aluminum. The fin 45 has

fine pores on the surface as described later. The plural




the heat transfer area, thus the heat exchange between
the refrigerant and the air is efficiently perforned.
The path of the heat transfer pipes 46 in the heat
exchanger 40 is not especially limted. For exanple,
the flow path may be fornmed to be branched to all ow
the refrigerant to flowinto the plural heat transfer
pi pes 46 which penetrate the fins 45, and then to be
joined. The refrigerant frokpath may also be forned
to make the lamnated fins 45 bent at the end of the
heat exchanger 40 or connected by the bent pipe

finsedPracted i Rl AN tor&idredmiddte DeoL $LANSTBRe heat
pi pes 46 penetrate the fins 45 at 6 points, however,

tranhe driafe Hf46 tdhee headvidadst 5r it 46, '§tht
limted thereto. [0017] The fin 45 is nmade of

pratiiternalrfed Qi AV AY Sb UDE NN pertéd t Bt &M hZbE§O Mo s
ni obium or tantalum and includes a plurality of
forfriene iporeescthafimgd 5l ammtlerisedangtags feonmpilpé 04 6 20 Ode s
The fine pores of the fin 45 may be fornmed by the - 13
pardnadl @ odUaigaremetdicdcuilhe 41 hewjpog eshanye beideramd to
by the anodic oxidation nethod after form ng recesses
flcat thenmtduaneghni nethé nhezvadf i the hee it geraht f Dtowing
formng the fin 45 in advance. [0018] Fig. 2ais a
thrguak iR Herames et apkive pd beani elbhe heealdi cafretlee air
(hereinafter referred to as fine pore dlaneter%
LloHa g G SHistesir transierued anke t ee rinsi 2 henegpayd

the %eat transfer area, thus the heat exchange between the
refrigerant and the air is efficiently performed. The path
of the heat transfer pipes 46 in thg heat exchanger 40 is
not especially limited. For example, the flow path may_be
formed to be branched to allow the refrigerant to flow into
the plural heat transfer pipes 46 which penetrate the fins
45, and then to be joined. The refrigerant flow path may
also be formed to make the laminated fins 45 bent at the end
of the heat exchanger 40 or connected by the bent pipe
reciprocated. Referring to Fig. 1, the heat transfer pipes
46 penetrate the fins 45 at 6 points, however, the number of
the heat transfer pipes 46 is not limited thereto.
[0017]

The fin 45 is made of materials containing aluminum,
titanium, zirconium, nicbium, or tantalum, and includes a
plurality of fine pores having diameters ranging from 1 to

20 nm. The fine pores of the fin 45 may be formed by the



whi ch the capillary condensation occurs. The
horizontal axis represents the fine pore dianeter [nm
(nanoneter)], and the vertical axis represents the
relative humdity [9%9 of the air in the subject space
(assum ng that current humdity is P, and saturated
hum dity at the current humdity being PO, the
relative humdity nay be_eggrgssed as PIPO. Fig. 2a
shows a graph cal cul ated based on the fornul a of
Kelvin. [0019] [Formula 1] Relative . P 2 vlyc 0 S 6
humdity PO = e x rRT [0020] Here, vi denotes a

anodtiondenséalt hoh ecetiecad ol ulke Yime purkacmatebs dorm@daby
angl e when in contact with capillary, R a gas

the consd antoX 8d31idn moéKhyd Afthe dbsoliubge retespesatdr e,
and r the radius of the fine pore. The - 14

preqefexnbnsdi pnhayvadl édni bhehnataséadf Twet dorwdpor thso,fin
the radius r of the fine pore required for water

45 impaivaeceause capillary condensation nmay be
theoretically obtained for a certain relative

(0O0K¥hidity P/PO. As shown in Fig. 2a, capillary
condensation (a . phenonmenon in which the vapor gmater
coritentd? i ksidevie Showbnpoklei selpbiensbdyP beeclesnathe

. the relative h niditg correspondin& to the fine pore
dianfbiet BreTFhPRT o 25 TRAFEFA TRoRECHIES RRFQpiameter) of

therggggaégggsigftpgef%gg Bgrgnhntkgeré g%i%b humidity at
which the cépillary‘condensation occurs. The horizontal
axis represents the fine pore diameter [nm (nanometer)], and
the vertical axis represents the relative humidity [%] of
the air in the subject space {assuming that current humidity
is P, and saturated humidity at the current.humidity being
PO, the relative humidity may be expressed as P/PC). Fig. 2a
shows a graph calculated based on the formula of Kelwvin,
[0019]

[Formula 1]

E,elatja\;e . —-"Pi""'e X _2 VJ’C O S 9
umidity : -

P FRT
[0020]

Here, vl denotes a condensed molecule volume, ¥ a
surface tension, 8 an angle when in contact with capillary,
R a gas constant (8.31[J/mol-°K]), T the absolute

temperature, and r the radius of the fine pore. The



whi | e wat er nol ecul es cannot be maintained in the fine
pore in the zone B. That is, the water content in the
air may be adsorbed in the zone A. On the contrary,
the water content can be renoved fromthe fine pore
by making the air conditions of the zone B. Fig. 2b
shows the inmage of adsorption of water into the fine
pore. As shown in Fig. 2b, water is gradually adsorbed
into the fine pore. The equidibrium adsorption anount
may be sharply increased (changed) at the boundary of
the predeterm ned narrow range in the vicinity of the
relﬁehah»svﬁp Rl dichy whern RuEeh fvafidie Ry@s. hasd Noche
the dianeter in accordance with the relative humdity
radikf er glfy take figepdre [RRRL]rethedrehaiticanshigpbeatioetduse
the fine pore dianeter and the adsorption isothernal
capiay ab§ ebhdened tidn effr encaHewfdtdcallay dbtrided sf@ar a
characteristic view showing the - 15 relationship
cerbatineer late waa e iedntye it/ {tadsor bi ng  characteri stics)
of the fine pore dianeter of the fin 45 according to
Enbsdslrent inofighe2pr, eseptl lilavgntiooneasea ttilve (a
relative humdity showi ng a sharp change (hereinafter
phenefenoed ino vl ahi dilreg wedge) . (wast shawmtisntfi ginsgide h‘@he
relative humdity at the rising edge becones
fineepatrievdlsy HWE%\wdmmcwgntsﬁ@K ithe prale i epeheridity

the fin 45 relatively small ‘|I ne (a) in Fig. %% On
corgREPOReNhwd tife fidlaathake ey atl el sihg water

edge becones relatively high hy
molectles may be maintained in the fine pore in the zone A,

while water molecules cannot be maintained in the fine pore
in the zone B, That is, the water content in the air may be
adsorbed in the zone A. On the contrary, the water content
can be removed from the fine pore by making the air
conditions of the zone B,

Fig. 2b shows the image of adsorption of water into the
fine pore. As shown in Fig. 2b, water is gradually adsorbed
into the fine pore. The equilibrium adsorption amount may
be sharply increased (changed) at the boundary ¢f the
predetermined narrow range in the vicinity of the relative
humidity when a number of fine pores having the diameter in
accordance with the relative humidity uniformly are formed.
[0021)

The relationship between the fine pore diameter and the
adsorption isothermal may be obtained in reference to Fig.

2a. Fig. 3 is a characteristic view showing the



maki ng the fine pore diameter large (line (b) in Fig.
3). For exanple, the adsorbing nmaterial nmay
denonstrate the rising edge feature at the relative
hum dity of approximtely 30% as shown by the line
(c) in Fig. 3 by setting the fine pore dianeter d at
2.0 nm The adsorbing material may denonstrate the
sharp rising edge feature the relative hum dity of
approxi mately 90% by settin °the fine pore di anmeter
of 20 nm Adsorbing characteristics of the fin 45 may
be freely controlled using Fig. 3. [0022] Since the
reladsoenkhng meiteideal the waatk i afortttentf | redBofwing t he
pur pose of dehum dification, an upper limt of the
charek@inie thum)didfy tihe |fdss: tgware e the df nehd bjin 45
shown in Fig. 3 indicating a sharp rising edge at the
accpedanigveo Mumncdiimendf lappr dhiergied sef)%n el eppard the
limt value of the adsorbing characteristics, and the
relpitigepdne idlidptsdroningl G gpprioxdirnes y(lprematter
Therefore, when used for the air- conditioning device
refergeldudiong e igfa iqfreat or )AS tHeowipper F19mi $/ ofhehe
fine pore diameter of the fin 45 is set at 20. nm
relpgdyrg) humd didey megndfrectirs Hyd eI Peerof Thkafinely low
pore dianeter in accordance with the usage nag%reduce

by gk ing sdfetiige RAMPE LG TRY edse thel thst> of étaRIVELY
smadd® e AP g . IO SD% S "SR S "APRe 588 S ive
humidity at the rising edge becomes relatively high by
making the fine pore diameter large (line (b} in Fig. 3).

For example, the adsorbing material may demonstrate the
rising edge feature at fhe relative humidity of
approximately 30% as shown by the line {(c) in Fig. 3 by
setting the fine pore diameter d at 2.0 nm. The adsorbing
material may demonstrate the sharp rising edge feature at
the relative humidity of approximately 90% by setting the
fine pore diameter of 20 nm. Adsorbing characteristics of
the fin 45 may be freely controlled using Fig. 3.

[0022]

Since the adsorbing material is used for the fin 45 for
the purpose of dehumidification, an upper limit of the
relative humidity is less than 100%. The line (b) shown in
Fig. 3 indicating a sharp rising edge at the relative
humidity of approximately 90% is an upper limit value of the

adsorbing characteristics, and the fine pore diameter is




human eyes, it is not possible to identify the fin
wth a different fine pore dianeter. As a result,
there may be a risk of nounting the adsorbing
material with inproper fine pore dianeter on the
product, resulting in a poor quality. Therefore, it
is preferable to consolidate the fine pore dianeter
of the adsorbing material to_one kind'in view of the
cost and quality. However, 1% order to be effective as
the fin 45 for dehum dification, the fine pore
di aneter have to be consolidated into a fine pore
apptbaieheke 1gapabiren .of THietuford fiviedn aséd fde thostair-
usages (nost humdity conditions). [0024] Table 1
conghawendmgex@viloe ofirtdieidime ftos erelf mipdeaisor {f etlad | weper
hum dity) required for the respective usages. Table 1
limdhlons tthe ridinat ipoerehutiadidter o f hehsubjecdS siaceefanat 20
the fine pore dianeter of the fin 45 required for the
nm.- 17 relative humdity. Table 1 is quoted fromthe
coll ection of papers of "Latest humdity contro
[CO28dhnol ogy" in the lecture nmeeting of Japan Society
of Refrigerating and Air conditioning Engineers (pp.
5- 60 phBl MaRedashuyARd2s sede@ion [(f02B1g Taple pOre
. Field Fine pore Relative humdity dianmeter |

diagghgitt iidn qagerdanGe Fiddy SRydisdye ey 2@9%:%2113? ock

far roducts 4-20 65-95
produc i%n volume to increase the cost of the adsorbing

material. Since the fine pore of nano scale is invisible to
human eyes, it is not possible to identify the fin with a
differént fine pore diameter. As a result, there may be a
risk of mounting the adsorbing material with improper fine
pore diameter on the product, resulting in a poor quality.
Therefore, it is preferable to consolidate the fine pore
diameter of the adsorbing material to one kind in view of
the cost and quality. However, in order to be effective as
the fin 45 for dehumidification, the fine pore diameter have
to be consclidated into a fine pore diameter capable of
dehumidification in the most usages (most humidity
conditions) .
[0024]

Table 1 shows an example of the fine pore diameters
{relative humidity) required for the respective usages.
Table 1 shows the relative humidity in the subject space and

the fine pore diameter of the fin 45 required for the




Phar maceutical factory 2-4 40-50 Library 2-4 40-50
Art nmuseum museum 2-5 40-55 Phot ographic plant 1-6
24-70 Human 1-2 20-30 [0026] For exanple, in the
war ehouse for storing fruits and vegetables, the
relative humdity is required to be in the range from
approximately 70 to 95% therefore, the fine pore
di aneter may be set so that ;he relative humdity
sharply rises at approxi_ma]t ely 70 to 95%in the
adsorbing characteristics shown in Fig. 2a. That is,
the fine pore dianeter of the adsorbing material nmay
relbeideshgnedittg .be Tablteo 120 shmudt g f®r@ncathd acdlilpction of
(showi ng the relationship between the fine pore
papdranetfer’ Lae sta pividiariy yp kergrerioecHro lasg i rin the
condi ti oned space (living space for the human), the
leckelrat meethmy dift Yarsrngaoeriaty cfaiRe fol derkeptg iand elr
range from20 to 30% or higher. - 18 GCenerally, the
conpéwerniing Engdngerst (e rfeltat il immdligy MNasy 25, 2005).
considered to be in the range from approxi mately 20
[00ke1309ddecdgt for a special usage. Accordingly, the
use of the fin 45 with the adsorbing characteristics
(the fine pore dianeter is in the range from
rieBpPpProximately 1.0 rimFEine 8eBenn) whi chRsherigkyhunisésy
at the relative huni di¢4iargtennthnl20% t oc5@%tasn s own
Fruits ping. vegar@plesver aIErDngt all the usagéd-93

Stock farm products 65-95
Pharmaceutical factory 2-14 40-50
Library 2-4 40-50
Art museum/museum 2-5 40-55
Photographic plant 1-6 24-70.
Human 1-2 20-30
[0026]

For example, in the warehouse for storing fruits and
vegetables, the relative humidity is required to be in the
range from approximately 70 to 95%, therefore, the fine pore
diameter may be set so that the relative humidity sharply
rises at approximately 70 to 95% in the adsorbing
characteristics shown in Fig. 2a. That is, the fine pore
diameter of the adsorbing material may be designed to be 6
to 20 nm in reference to Fig. 2a (showing the relationship
~ between the fine pore diameter and capillary phenomenon).
In an air conditioned space (living space for the human),
the relative humidity is generally saia to be kept in the

range from 20 to 30% or higher.



(wi de range). Increase of the use of the fin 45 having
the sanme specification (the sanme fine pore dianeter)
may produce a nmass production effect to reduce the
cost of the fin 45, thus inproving the manufacturing
quality. [0027] The refrigeration cycle of the
refrigerator is designed to have the condensation
pressure corresponding to the condensation
tenperature of approxi mately865C. Because of the
restriction, in the condenser, the air of an externa
air side 100a is heated up to about 65C. So that, it

i seeﬁgalaugi cthe tBiBlk 1hAL tavka\Rr Jf e Yal14e :Qf the
relative um dity produced by the exhaust heat of the

hum@dﬁldgnier cohs iidie deftid @R al Ahe Wy or RRP P Rt Bl dtely
10% (an external air of 32C and the relative humdity

20 66%Bi0$ keaked Wort @ sphCiand ddhgyd elmidoiiniy thhe use
10% . The fine pore dianeter at that time is

of &ppr dinmdtelwl th ncbydscrbizay Acnerdidisticd heeHOwerne
limt of the fine pore dianmeter of the fin 45 for

porgdeHdpmgitkircdtsi dm ithenadegeo fomnl approxitthte Y028 nm to
Fig. 4 is a view showi ng an exanple of the water

3. 5a§§1®r phaghc Iseactler irstsiess adf thee 1fd et dpr éndmoirdietdy cncound

surface of the fin 45. Next, the fine pore forned

20%o‘ﬁOt BE% g§r BACEIORT WA of.i B ABWiddvere adewrrt bad. thig.usage
4 shows the adsorption isothermal of the fine pore

(wiger Rapge) di afBcecase ofpftexiuig aify theyfimd having the

horizontal axis represents the
same specification (the same fine pore diameter) may produce

a mass production effect to reduce the cost of the fin 45,
thus improving the manufacturing quality.
[0027]

The refrigeration cycle of the refrigerator is designed
to have the condensation pressure correspondiﬁg to the
condensation temperature of approximately 65°C. Because of
the restriction, in the condenser, the air of an external
air side 100a is heated up to about 65°C. So that, it is
realistic to think that a lower limit value of the relative
humidity produced by the exhaust heat of the condenser of
the refrigeration cycle be approximately 10% (an external
air of 32°C and the relative humidity 60% is heated up to
65°C and the relative humidity 10%). The fine pore diameter
at that time is approximately 1 nm by Fig. 2a. Accordingly,
the lower limit of the fine pore diameter of the fin 45 for

dehumidification is made to be 1 nm.




relative humdity [9% of the air in the space to be
cooled, and vertical axis represents the water
content (adsorbed water amount/weight of fin 45,
which is proportional to the equilibriumadsorption
amount). [0029] As shown in Fig. 4, the fin 45
capabl e of adsorbing water at the relative humdity
of approxi mately 30% or _ﬁk%;gf no | onger keeps
adsor bi ng the water when t relative humdity is
decreased to approximately 30% or |lower. Therefore,
the adsorbed water may be desorbed by |owering the
[COz&lative humidity to approxi mately 30% or snaller.
[0030] Fig. 5 is an enlarged view of the surface of
tHeidi i 4bs alwitheshoesrgt arnbrdnpint pfashdesarticked
above, the fine pores 45a for adsorbing/desorbing the
adsqubéngackateriedisnicbobli shwef ddese gionchaddrimedd®n the
si mul t aneously using the anodic oxidation
surfapedpZathenfinvién pdekdsnithg d idier gotrec fiorerd on the
electrolgsis under the environnment of in the acidic
surfaret pbnthe2finsgbhwas lsbief deissradedl- oFdld ¢ dacilhws the
phosphoric acid, chromc acid, and al kaline solution
adS%ﬁEhl% $ 8B LAY PRGOS phataenitine piog o ivi- thaltive mlimmeter of
an_angde, the alum numion (Al3+) dissolved

_appf%hﬁ%%%lv. Pﬁ‘l uni ﬁﬁni‘olrééé’ﬂ“éc% B ithe sRdese iR e o
s LT R B 8 4D U LD g oo
andtgggtgégg] ng represgnts %%%?%% %%Iggfient (adsogk
water amount/weight of fin 45, which is proportional to the
equilibrium adsorption amount).

[0029]

As shown in Fig. 4, the fin 45 capable of adsorbing
water at the relative humidity of approximately 30% or
higher no longer keeps adsorbing the water when the relative
humidity is decreased to approximately 30% or lower.
Therefore, the adsorbed water may be desorbed by lowering
the relative humidity to approximately 30% or smaller.

[0030]

Fig. 5 is an enlarged view of the surface of the fin 45.
In the present embodiment, as described above, the fine
pores 45a for adsorbing/desorbing the water are formed on
both surfaces of the fin 45 simultaneously using the anodic
oxidation (anodization). When performing a direct current

electrolysis under the environment of in the acidic solution




45a may be fornmed by a through hole, because an effect
remai ns unchanged that the fine pore 45a can -
adsorb/desorb water even if it is a through hole.
[0031] The anodic oxide filmis fornmed of a porous

| ayer 45b where the vertical fine pore 45a is forned
and a barrier layer 45c at the bottomwall portion in
contact with the substrate _netal, having a so-called
hexagonal cell structure. ™ Whe i formng the fine pore
45a, since the thickness of the barrier |ayer 45c is
basically kept constant, the depth of the fine pore

sudbaasrayubeuevnt seid pdoky1 subst aaf i phb¥pheentr akiHNdchromic
the filmthickness. Since the filmformng rate and

acid) nahdi skpessndepehdt Dont BEcBUA S e8bdotmpPpheBhhaket @ith
be supplied between the both el ectrodes and the
thanbih ¢ (@kudahieon peihgdant Avcddy reneé elupohent iah t(@1>")
. be supplied between the both el ectrodes and the
disgwbved okiomt tioa Heni ¢dluaieuspnteattsdwihnther wangr
the fine pore 45a with a predeterm ned depth. Since
(Hahe teurdsarenstef iare pormeyperoxidd (alninirmeaf{ensity)
and the fine pore dianeter depend on the potentia
(heyeg ipaftehe pofareedcteodesthehenpdienckatle film) on the
t herebetween is controlled so as to forma _
alufidiertiiel 1auabeibakbabe apetet - oferpe thaefpoerepore

A nol tal nold) having protrusions forned at an
43 ey 3%% "Formed pPRaR nERTRudRhhpler PAEaRFRe2BoRESELE

reqRi B PR e Ry P B A PLRe e Be L 488 ean 820k S /s orn
water even if it is a through hole.
[0031]

The anodic oxide film is formed of a porous layer 45b
where the vertical fine pore 45a is formed and a barrier
layer 45c at the bottom wall portion in contact with the
substrate metal, having a so~called hexagonal cell structure.
When forming the fine pore 45a, since the thickness of the
barrier layer 45c is basically kept constant, the depth of
the fine pore 45a may be controlled by substantially
controlling the f£ilm thickness. Since the film forming rate
and film thickness depend on the current or potential to be
supplied between the both electrodes and the anodic
oxidation period, the current or potential to be supplied
between the both electrodes and the anodic oxidation period
are controlled when forming the fine pore 45a with a

predetermined depth. Since the number of fine pores per




portions on the surface. Thereafter, when the anodic
oxi dation is conducted, the fine pores 45a are forned
centering around the recess portion, so that the fine
pores 45a are regularly arranged and it is possible
to perform high accuracy control on a surface with a
constant density. In order to prevent the fine pore
45a formed by the anodic _oxjdation fromreacting with
the water contained in air to be blocked, the fin 45
Is heated by hot air at the tenperature 100 to 200C
|nned|ately after the formation of the fine pores to
unifepsga tHENRALY) eost dhtedine tinre idimnatepeldmen am the
operation of changing into a stable oxide. The heat
Potﬁrlsl?aéﬂ-ebeﬁwségl Apeahetinsdracddddaso ttiHee tiniseribrared
| ural through holes of the fins 45 to nmake the heat
thegﬁéﬁawssp 46. CPOGFL Lech sEnideditferfiorm & Her ddevee oiess
formed on the surface of the fin 45 of the heat
numﬁ%haﬁa"ﬁla@egﬁa O 1% 9% Eieve A S0l bgtoLa
hav e wat er _adsor Rﬁg nber, so that it - IS possible
tBInREE T EHELRAPer o th& Gian .therréfaéukﬁ%fcﬁesg%g%@g to
dsor hout requir,i.ng .t he speci menber and
thaf ?gr?a s FIRRUEC e ‘285 drbiFt Sr‘?ﬁ‘gra}geﬂlrbsaqw Fp aluminum
Surﬁgggen\tﬂggcpf Ii.%mt%e%l | g f‘?Lf]T'lf djue é he dl St 1 IOJ]"I:]%cess

tenperature s

L f .
porfBLE 'ththgv'sggfa@ er rétregl rés?ﬁtzlngtgleexa%q(%lc

coefficrents i NncCe no therma

ox1@§£ﬂ8§nlgh%oBHﬂc%@dgn%h%h%fﬂgﬂygyég)45a are formed

centering around the recess portion, so that the fine pores
45a are regularly arranged and it is possible to perform
high accuracy control on a surface with a constant density.
In order to prevent the fine pore 45a formed by the anodic
oxidation from reacting with the water contained in air to
be blocked, the fin 45 is heated by hot air at the
temperature 100 to 200°C immediately after the formation of
the fine pores to remove the water contained in the film to
perform an operation of changing intc a stable oxide. The
heat transfer pipes 46 are inserted into the thus formed
plural through holes of the fins 45 to make the heat
exchanger 40.
[0032]

In Embodiment 1, the fine pores are formed on the
surface of the fin 45 of the heat exchanger 40 and the fin

45 is made to function as water adsorbing member, so that it




mat eri al such as silica gel, the heat transfer
efficiency may be inproved. The thernmal conductivity
of the silica gel is small, such as approximately in
the range from0.05 to 0.17 WnK, so that the heat
transfer efficiency may be deteriorated. However,
since direct heat exchange can be perforned between
the fin 45 with good thermal conductivity and the
air, the heat exchange befwéén"the air and the
refrigerant can be nore efficiently conducted. [0033]
The fin 45 does not have to be thick to accomobdate

is thoesiadsordy ngumttdd alatsdr thattidiesi Nt vahe boiweest
the fins 45 of the heat exchanger 40 may be

spaicec eeaset WAshoutestdduitiey tHessoseld DSfertbet hend
flowng air is reduced, so that the input of the fan

ma tfeari adeki Mhuse tdia dsawbinte nidwehienl caxdhangesvédted
can be decreased. Even if the interval is not

froghaegddng hef hehte eboc Hareg et i A miaio b ecapsked doyrpied by
the amount corresponding to the thickness of the

Cempererthing swidte etiweesi rrobs atisi g mea tporiesl sv tdwving i ne

. pore diameter 23 within the range from approxi mately

differgendp heml e xavgoridanowe §f idiaties r f mde endublielingl
are arranged to be fornmed on the surface of the fin

resgstange sadsiifedaiataan fdie Heinekvrandl thmddeprotuged
N waking%the wat er. adsor bed agai n) using the heat .

matedigdustudiedty oflidfe Ik it St | angteh of Eirhercy
refri.geration cygle aratus. [0034

may %e improved. )%Le éﬁg%ma con uctiJity of the silica gel

is small, such as approximately in the range from 0.05 to

0.17 W/mK, so that the heat transfer efficiency may be

deteriorated. However, since direct heat exchange can be

performed between the fin 45 with good thermal conductivity

and the air, the heat exchange between the air and the

refrigerant can be more efficiently conducted.

[0033]

The fin 45 does not have to be thick to accommodate the
adsorbing material so that the interval between the fins 45
of the heat exchanger 40 may be increased. As a result, the
pressure loss of the flowing air is reduced, so that the
input of the fan for making the air flow into the heat
exchanger 40 can be decreased. Even if the interval is not
changed, the heat exchanger 40 may be made compact by the

amount corresponding to the thickness of the adscorbing

material. Since the fine pores with a fine pore diameter




The fine pores having a regular pattern are forned by

t he anodi c oxidation nethod vertically to the surface

of the fin 45. Therefore, unlike the adsorbing

material with the fine pores arranged in no regular

pattern, for exanple, the flowdirectionality of the

adsorbed water may be aligned to efficiently transfer

the heat of the fin 45. EX LE 2 [0035] Fig. 6is a

configuration view show ng an essential portion of a

heat exchanger 40a according to Enbodi nent 2 of the

present invention. In Fig. 6, fins 4Saa, 45ab, 4Sac
withip thedeangehdwent iape nooriesa twi v ditfd er@mim diraret@ssdance

~ for each colum along the air flow direction. That

withsthggaedsit ivee hugiidifiyow i reectdroyedipton Bdeformed on the
- adsorption, the fine pore dianeter at an upw nd side
surfgcpagé thegdirakd t Hdre atdso rivolwd el siale bs desierbed

small. Therefore, in the case of Fig. 6, the fine
andpgppgogised dMmakdmdedhen waler atdempeed admin) 2g9ing the

EiRe por e di ameter on the first colum 45aa > fine
heaf{gxhgpgfeieatyn athdhee deifa ignuant 4By g i e poremon

dianeter on the third columm 45ac. [0036) Fig. 7a
rel L gL 2L LoPnGIvated APESHATYSE- the relative hunidity
[Oogh?tribution of the air flow direction (columm

Ffrection of the heat transfer pipe) of the heat
exphangelc Usi0g [LOSnAY P25 BRI Y Sormed by

the anodic oxidation method vertically to the surface of the
fin 45. Therefore, unlike the adsorbing material with the

fine pores arranged in no regular pattern, for example, the
flow directionality of the adsorbed water may be aligned to

efficiently transfer the heat of the fin 45.

FXAMPLE 2
[0035]

Fig. 6 is a configuration view showing an essential
portion of a heat exchanger 40a according to Embodiment 2 of
the present invention. 1In Fig. 6, fins 45aa, 45ab, 45ac are
madé to have fine pores with different diameters for each
column along the air flow direction. That is, against the
air flow direction upon the adsorption, the fine.pore
diameter at an upwind side is made large, and that at a
downwind side is made small. Therefore, in the case of Fig.

6, the fine pores are distributed in such an aspect that



content of the fin 45 has a feature to rise up at the
relative humdity of approximately 30% Fromthe heat
transfer pipe at the upwi nd side upon the adsorption,
it is referred to as the first and the second, and
the third colums. As can be understood fromFig. 7a,
as the air flows fromthe upwind side to the downw nd
side, the water is adsorbed by the fin 45, so that
the relative humdity arotnd? the fin is decreased.
Meanwhi | e, the enbodi ment according to the present

i nvention enploys the fin which has the fine pore

firdi ordwdiane vt hodli therentst i ae1@en e4dhanpt i§e apong

the flowdirection. That is, viewing fromthe upw nd
dimialssr tdre tié nee@on@ b homi e4580 + heisecpate cQl wfBLEs on

smaller than that on the first columm, and the fine
thepdrhel i anelwm ohsSdade third colum is smaller than

that on the second colum. The fine pore dianeters of
[0Q3fd fin 45 is changed for each colum. The nunber of

the colums is not especially limted, though, - 25

as Filge Mantsdrowst a lelmplahets Hesulicrefssk tdimtive

di ameter of the fine pores distributed on the fin may
huyedigradlie i 5ibehiemyeet [oo37ir fbewestanpteionhécdinmn

. 45aa on the first colum has the fine pores dianeter

digegtifh <t tHee iigat bomeRer rpses) 20Tt Hee herht gyehanger

hum dity of approximtely 50% (3.5 nn), the fin 45ab
usjd‘rgt%é‘%e*b% ‘go‘FW%ﬂ‘etﬁe‘l? HAE VRLANATETty Bpre water

content of the fin 45 has a feature to rise up at the
relative humidity of approximately 30%. From the heat
transfer pipe at the upwind side upon the adsorption, it is
referred to as the first and the second, and the third
columns. As can be understood from Fig. 7a, as the air flows
from the upwind side to the downwind side, the water is
adsorbed by the fin 45, so that the relative humidity around
the fin is decreased.

Meanwhile, the embodiment according to the present
invention employs the fin which has the fine pore
distribution with different fine pore diameters along the
flow direction. That is, viewing from the upwind side, the
fine pore diameter on the second column is smaller than that
~on the first column, and the fine pore diameter on the third
column is smaller than that on the second column. The fine
pore diameters of the fin 45 is changed for each column.

The number of the columns is not especially limited, though,



approximately 40% (2.5 nm, and the fin 45ac on the

third colum at the relative humdity of

approximately 30% (2 nm. The change in the

adsorption anount with respect to the air flow

direction (colum direction) is shown in Fig. 7b. As

can be understood fromFig. 7b, the total adsorption

amount of the fin with the fine pores made to have a

di stribution -along the colini direction is | ar ger

than that of the fin having the sanme fine pores

dianmeter. So that the fin my be effectively used. In
as the naspeeof ofhehti BohamhBegikkhe ngar® sd)e ther @S ameter of

di anmeter, the nore downstreamside the fin is |ocated,
thet hénespakker di herdbhtedenae thecaies mzsgt weeryrialmal 1y

relative humdity of air around the fin and the
changedtive humdity 30 % where the water content of

the fin  rises. So that the adsorbing speed of the fin
[00BZ%]reduced, and resultantly, the adsorption anpunt

decreases toward the downstream side. The fin having

t o i epcampiples ofertlat {bakyohakher £26stdicademer hamsy the

. be enployed, so that it is possible to reduce the

fineopareeodianttenefprnwhiche ther et athedntentperises at the

di amet er becones, the | ess manufacturing period, and
relattvedhigh¢ltynefpreatexisatedst by (b°’eg5\’ édlgecdhe fin

Fi 8a shows the relative humdity to the air

4sap !Oggvsl:l_aﬁré EPBR GROHMBe8br itork SwadH s it e o i
app}%%%ﬁ%%:?ig?gégs N gr.‘gv'mr?l? SRE SR dameter: e g
column at the relative humidity of approximately 30% (2 nm).
The change in the adsorption amount with respect to the air
flow direction (column direction) is shown in Fig. 7b. As
can be understood from Fig. 7b, the total adsorption amount
of the fin with the fine pores made to have a distribution
along the column direction is larger than that of the fin
having the same fine pores diameter. So that the fin may be
effectively used.

In the case of the fin having the same fine pores
diameter, the more downstream side the fin is located, the
smaller the difference becomes between the relative humidity
of air around the fin and the relative humidity 30 %, where
the water content of the fin rises. So that the adsorbing
speed of the fin is reduced, and resultantly, the adsorption
amount decreases toward the downstream side.

The fin having the fine pores of relatively larger



reversed to that upon adsorption. While on desorption,
the fin at the third columm is at the upw nd side, on
adsorption it is at the doww nd side. FromFig. 8a,
it is found that the relative humdity around the fin
beconmes | arger toward the downw nd side. The

enbodi nent according to the present invention enploys
the fins having a fine pore distribution naking the
fine pore diameter changed dkong the flow direction.
For example, the fin 45aa on the first colum has the
fine pore dianeter for which the water content rises

di%ﬁ%ﬁg¥aﬁ he fgﬁpggg%g'g%oﬁﬁ h2PP{ xi fBt ek Y199 {abodluce

e second colum the

thé §§éfgct%91€ft¥a§ff§ﬂprPfh@ai§£¥er493é(@Dﬁétparé

an ac on the third columm the

dléﬁ%@gfvﬁe88ﬁég'tﬂh8f1§§§rﬁéhﬁ§&§£Mr§ﬂ&6 aboull, 2and) ,
respectively. As shown in Fig. 8b, the fine pore

ac&bls&{m?y&l OphéNptBBuELL AN EEt eak ;0B predided) a | ar ger
desorption anmount in total conpared with the use of
roéhe;fin - 27 having the fine pores of the sane
di aneter, resulting in the effective use of the fin.
I n gihe. casesbws hehd | nsldiadvaghuhheéi £y neo pohesadf fhew
sane dianeter, the difference between the relative
dihest tbhyupbnadesarpthdnt keehi nsang the féhawife fine pores
hum dity 30% where the water content around the fin
havbngr tbessahecdiesesrul | eCheowndird flpw déﬁﬁ§¢ﬂ@8nﬂ§|de
to decelerate adsorbing rate of the fin,

redesoegt tonthaburponi gdgespsasad Wb\}oéﬁdophé‘eé@\mlﬁ@f the
si de. .
fin at the third column is at the upwind side, on adsorptlon

it is at the downwind side. From Fig. 8a, it is found that
the relative humidity around the fin becomes larger toward
the downwind side.

The embodiment according to the present invention
employs the fins having a fine pore distribution making the
fine pore diameter changed along the flow direction. Fof
example, the fin 45aa on the first column has the fine pore
diameter for which the water content rises at the relative
humidity of approximately 50% (about 3.5 nm), the fin 45ab
on the second column the relative humidity of approximately
40% (about 2.5 nm), and the fin 45ac on the third column the
relative humidity of approximately 30% (about 2 nm),
respectively. As shown in Fig. 8b, the fine pore
distribution in the column direction provides a larger

desorption amount in total compared with the use of the fin



[0039] The distribution of the fine pores dianeter of
the fin 45 forned along the columm direction all ows
effective use of the fin 45 to inprove the
adsor ption/ desorption performance. Resultantly, it is
possi bl e to make the heat exchanger conpact. [0040]
When the fin includes two colums (Fig. 1 shows two
col uims, however, three or nore colunmms nay be
possi ble) as shown in Frg271f'the relative humdity
is lowered at the downwi nd side, it is preferable to
set the fine pore dianeter to be relatively smaller.
havfSgShRWNFi ReFhBrebactt hee Gehat identEdi thesarlaundy tive the
fin adjacent to the outlet is approximtely 35% The

cffhipevpongedb@neher famy bensehe easapprioximatEins hawing
3.5 nm because the fin is required to have
theChanacherkst bes tihe whineh dikeenstrer thomtdeint featrnugs |yetween
rises at the relative humdity of about 20 to 40% - .
the28elhnivBe hdedariityt iodn airharfoursl pgire Gimmnertld rabative
fin at the downw nd side with respect to the air flow
hundidt egt BOA, iwhetrdee that e tabs argpttiant isremd | Ere thibh 4he
fine pore dianmeter of the fin at the upw nd side.
risklewebecpmelse siiald e pdravatichrdteerdain g weedn ns Hie t He
downwi nd side with respect to the air flow djrection
deciederhs enadso sy giaten alaytife i gat €R3RTR haer ofmount
the fin at the nore downwi nd side than that so far as
is gdeerepmedpsoeadihrigterdodrenf fdent for

[0039]

The distribution of the fine pores diameter of the fin
45 formed along the column direction allows effective use of
the fin 45 to improve the adsorption/desorption performance.
Resultantly, it is possible to make the heat exchanger
compact.

{0040]

When the .fin includes two columns (Fig. 1 shows two
columns, however, three or more columns may be possible) as
shown in Fig. 1, the relative humidity is lowered at the
downwind side, it is preferable to set the fine pore
diameter to be relatively smaller. As shdwn in Fig. 7a, the
relative humidity around the fin adjacent to the outlet is
approximately 35%. The fine pore diameter may be set to
approximately 1 to 3.5 nm because the fin is required to
have characteristics in which the water content abruptly

rises at the relative humidity of about 20 to 40%.



each columm and in the range approximately from1l to
3.5 nm For exanple, when the fine pore dianeter of
the fin outside the heat exchanger may be set to be
| arger than the fine pore dianeter of the fin inside
the heat exchanger, it is possible to perform
efficient dehumdification by making the air in
contact with the heat exchanger flow fromtwo
directions rather than a si4gl® direction. [00411 A
met hod for manufacturing the heat exchanger having a
fine pore distribution using an anodi c oxi dation
ey hodyw bl | ¥ndesehieb@dreAsiishewRd BFithe fin
Qa?nagFﬁ1éé§gg?8E%bﬁfi%h%S%gﬁg ?%Ilectively subner ged
at kR ARSIEAPLIMHS MasSdles i3 11 fiatan s f | fldiavdgection
honogeneous fine pores. Meanwhile, each columm of the
in ftihd GRRd:S BHUmstgekh ties faidn paedaiat nivedt inaep@oe es
as shown in Fig. 9b when nmanufacturing the heat
diageahanger tayvimie, fineponewitidtsidat i divwdoag, tbee fine
colum direction. The anodic - 29 oxidation is
por@ORAuGieack # hyPetitd nein underhd hdowh frd emide cohdht Feagect
to produce three fins having different fine pores.
to Ther eaft ef Low hitiheat i ¢ aisfene pipesr 48090 eptheerier be
for each colum to be finally conbined together by
lamgpmediamgtisatsof ypee pfie 4bor the ove6¢ ndovpgind side than
three-col um heat exchanger. In Figs. 9(a) _and 9£b%,
thatefsy efee asnthel 516406204 baEeB2DS #EROEELASHPPECLOT

current power supply, an electrolyte, and_a cathode,
‘eaqhﬁqniﬁm£e$gd inpghg range approx%mately from ? Eo 3.5

For example, when the fine pore diameter of the fin outside
the heat exchanger may be set to be larger than the fine
pore diameter of the fin inside the heat exchanger, it is

Apossible to perform efficient dehumidification by making the

air in contact with the heat exchanger flow from two
directions rather than a single direction.
[0041]

A method for manufacturing the heat exchanger having a
fine pore distribution using an anodic oxidation method will
be briefly described. As shown in Fig. %a, a three-column
fin 650 is collectively submerged in an electrolysis vessel
630 to form a fin having'homogeneous fine pores. Meanwhile,
each column of the fin 650 is submerged to form
predetermined fine pores as shown in Fig. 9b when
manufacturing the heat exchanger having fine pore

distribution along the column direction. The anodic



[0042] The effect derived fromoperating the heat
exchangers 40, 40a using the fins with fine pores
whil e being cooled wth the refrigerant supplied
thereto will be described. Fig. 10 shows operations
on the psychronetric diagramwhen the refrigerant is
supplied to the heat exchanger and when the
refrigerant is not supplle% At the inlet of the heat
exchangers 40 and 40a, the &?y bul b tenperature, the
relative humdity, the absolute humdity, and the dew
point of air are 25C, 60% 0.0119[kg/kg], and 16. 7C,
oxidespent i vebtyndlintelethase whees uhelerefthiegeridfterientnot
supplied, the relative humdity is |lowered while the
conaltlonenperatodﬂcestﬂnmmeémﬂﬁkhﬂYiEGadsﬁfbtﬁgthéaﬂet@Ofes-
finally becone the air of the state (b)(dry-bulb
Theteapeeat utbe BRaR2CLransifati wé Pesnidd tyre Jovsperdid|fige each
hum dity: 0.0119kg/ kg, and dem1p0|nt 12. 44C).
colieanthi be, finallhy cand inesr &oded hegatoy e@@ﬁ&?ﬁj@rnqloa i

operated while cooling with the refrlgerant - I
tYP@quPEeéotfh@F@t"édlﬂﬁie%ih@f \Jfé%a HC angef n

adsorbing heat to substantlal r aI| er
Figgds8rpti 8Adt § (Pl namaf qﬁ%ié; t)é%@ u?ip

tenperature: 25C, reIM|ve umfhty 3%? abslute d a
denﬁgﬁ1a,§9re@t0@ggrﬁﬁy POV THRE L Yy0i Ht - S 6529 YT%O4

The differen the absolute humdity for the case
catifdre CREPE grant is supplied and the case where

(00499

The effect derived from operating the heat exchangers
40, 40a using the fins with fine pores while being cooled
with the refrigerant supplied thereto will be described.
Fig. 10 shows operations on the psychrometric diagram when
the refrigerant is supplied to the heat exchanger and when
the refrigerant is not supplied. At the inlet of the heat
exchangers 40 and 40a, the dry-bulb temperature, the
relative humidity, the absolute humidity, and the dew point
of air are 25°C, 60%, 0.0119[kg/kgl, and 16.7°C,
respectively. In the case where the refrigerant is not
supplied, the relative humidity is lowered while the air
temperature is increased by the adsorbing heat to finally
become the air of the state (b) (dry-bulb temperature: 32.2°C,
relative humidity: 30%, absolute humidity: 0.0119kg/kg, and
dew point: 12.44°C). Meanwhile, in the case where the heat

exchanger 40 is operated while cooling with the refrigerant



refrigerant is not supplied shows that the absolute
humdity difference in the case where the refrigerant
is supplied is tw ce higher than the absol ute
hum dity difference in the case where the refrigerant
is not supplied (absolute humdity difference when
the refrigerant is not supplied: 0.0029[kg/kqg],
absolute humdity difference when the refrigerant is
supplied: 0.00601[ kg/ kg])= Jthat is, adsorption
conducted while supplying the refrigerant to the heat
exchangers 40,40a may | argely inprove the absorbing
far +oT N8 HieS Q18T S Uiy ORI dey heat

el ot et o A Fria et

to @gB'sLt%%‘%'i%lfl re498 A tdiaHapmaAew i ritidly 1o efiatd nigy
the fine porés which cause the capillary condensation

becBiel B8 ish e the heaty-axchangaipedithsapm yiag réletive
refrigerant to the heat transfer pipes 46, it is

hunB@S %kl 800 pHAE AR thatentt heal . &hangiig handglehe
| argély inproved adsorbing performance. - 31 -
poiEWBOE MENT)3 [0044] In the above Enbodinment 1, the
fin 45 is made of alum num however, the material is
[ooagt) limted to the alumnum For exanple, the
so-cal l ed valve netal may be used as the naterial of
t hehki li4% erenfcer mrf ithe pdrssslwre theldigy ok thoougpse
t he anodi c oxidation. The valve netal refers to a
whegenertiec mefilgfraninetal suppthed ornd Bheoxpge where the

refrigerant is not supplied shows that the absolute humidity
difference in the case where the refrigerant is supplied is
twice higher than the absolute humidity difference in the
case where the refrigerant is not supplied ({absolute
humidity difference when the refrigerant is not supplied:
0.0029[kg/kg], absolute humidity difference when the
refrigerant is supplied: 0.00601([kg/kg]l). That is,
adsorption conducted while supplying the refrigerant te the
heat exchangers 40,40a may largely improve the absorbing
performance. The isothermal adsorption allows the dew point
to be decreased from 12.44°C to 6.24°C, thus applicable for
use at the low dew point. |

By preparing the fine pores which cause the capillary
condensation on the fin of the heat exchanger, and supplying
the refrigerant to the heat transfer pipes 46, it is
possible to provide a latent heat exchanger having the

largely improved adsorbing performance.



filmshow ng an electrolytic rectifying operation
through the anodi c oxidation such as al um num
tantalum niobium titanium hafnium zirconium
zinc, tungsten, bisnmuth and antinony. Anong them
metal s such as alum num titanium zirconium
ni obi um and tantalum may be practically used as the
fin 45. The use of those netals may provide the sane
effect as al um num ENMBODI 4 [0045] Fig. 11 shows
an exenplary structure of a refrigeration cycle
apparatus 100 according to Enbodi nent 4 of the present
i nvention. The basic structure of the refrigerant
circuit - conposed by the refrigeration cycle apparatus
EMBOOOMMNT 3pe described based on Fig. 11. The
refrigeration cycle apparatus 100 is operated for
[00dddl ing, refrigerating, and - 32 air conditioning by
circulating the refrigerant. [0046] The refrigeration
cyéne thppaPaves Erbodidenss ded g Leyfentiamare ©
connecting the conpressor 10, the condenser 20 he
alumindin, Kasaved -deic d e the HaatCextHihge? 41 F}Es?
dehum dification/ hum di.fication t@f second %Qioﬁglebe
alugeii®  GPT FTPRHE e R OTA bR YR 5 rBF At

rgera

o B i 0 S DI ) B PAGCBGEE on ene
sur, &f?ez:e hgrluoglle%h Lﬁegha%lp%&gél S&g%g%%t'{‘&ﬁ. ( u’f‘hé le%gemgféﬁ
refers to a generic name of a metal which forms an oxide
film showing an electrolytic rectifying operation through
the anodic oxidation such as aluminum, tantalum, niobium,
titanium, hafnium, zirconium, éinc, tungsten, bismuth and
antimony. Among them, metals such as aluminum, titanium,
zirconium, niobium, and tantalum may be practically used as

the fin 45. The use of those metals may provide the same

effect as aluminum.

EMBODIMENT 4
[0045]

Fig. 11 shows an exemplary structure of a refrigeratibn
cycle apparatus 100 according to Embodiment 4 of the present
invention. The basic structure of the refrigerant circuit
composed by the refrigeration cycle apparatus 100 will be
described based on Fig. 11. The refrigeration cycle

apparatus 100 is operated for cooling, refrigerating, and



out si de the space to be cool ed/air-conditioned, and

the first throttle device 60, the heat exchanger 41

for dehumdification/humdification, the second

throttle device 61, and the evaporator 70 are built

into the indoor unit (unit at the | oad side) disposed

i nsi de the subject space. Here, the condenser 20 is

di sposed at the outdoor unit, and the evaporator 70

i s disposed at the indoor d#t- for explaining such

operations for cooling and air-conditioning, however,

these roles will be switched in the case of the
airh&%&li‘-?i8ﬁfﬁat b?fnciIBElﬁ‘ﬁ’!iEE;h'tﬁ% e rRekonpRd by the

control unit “fof controlling a four-way val ve (not
[Oogg?mn). [0047] The refrigerant pipe 1 includes a

refrigeration pipe at the gas side which allows

commaint £t | 98r 9t i8n0agevusappetatger aob, iandothed by

refrigeration pipe at the liquid side 33 which allows
seqGeAYEANCYt keAnektihg khauicdmpelkisger ant,. tHee condenser 20,

refrigeration pipe at the liquid side communicates the
ther €f Fsgetrarbrihiec lehascheon cordersed eanthanggpurefliledor

and the refrigeration pipe at the gas side
dehonimtfii cat-ésnt/hemikaffiicgeriant, whieclscrasidoadirottle device

evaporated and gasified. A blower (not shown) such as
61,t hadf &hef evabeeditng Ji0r wadihsiade e ithigeniteiirspdoe Here,

(hereinafter, referred to an external air) into the
thecengénsart iz® wd lr dreptod iedarcreXdfamgeump tdiospdded the

around t he condenser 20. A blower (not shown) such as

compijes span Li0s aaids ¢hd spesien sato i anfe Rividdoridite arp.outdoor

The ,
unit (unit at the heat source side) which is disposed

outside the space to be cooled/air-conditioned, and the
first throttle device 60, the heat exchanger 41 for
dehumidification/humidificaticn, the second throttle device
61, and the evaporator 70 are built into the indoor unit
(unit at the load side) disposed inside the subject space.
Here, the condenser 20 is disposed at the outdcor unit, and
the evaporator 70 is disposed at the indoor unit for
explaining such operations for cooling and air-conditioning,
however, these roles will be switched in the case of the
heating operation. The switching is performed by the
control unit for controlling a four-way valve (not shown).
[0047]

The refrigerant pipe 1 includes a refrigeration pipe at
the gas side which allows communication of a gaseous

refrigerant, and the refrigeration pipe at the liquid side



refrigerant to be enclosed into the refrigerant pipe 1
will be described later. [0048] The conpressor 10
sucks and conpresses the refrigerant into a gaseous
state of high tenperature/pressure to supply to the
refrigerant pipe 1. The condenser 20 is a heat
exchanger to perform heat exchange between the
refrigerant and external_ @g‘jo condensat e/ | i quefy
the refrigerant. The first'throttle device 60 is
general ly conposed of a deconpression valve and an
expansi on val ve such as an el ectronic expansion valve

whiélralleswspeessingcantloexpdndheg lituddr efirggeasnt. The
[0049] The heat exchanger 41 for

refdehanatibhcaipendhuthdi ftigatidosids composedadfest Hde
heat - 34 exchangers 40, 40a (hereinafter represented
refbygehenheahichxbhanheen4opndengesic einsed liqvedissti ey She
1 to 3, having fine pores on the surface of the fin
refabsgeTheidespibpt Bonthei bRshe igiev epmmydri q556S dd'% 0, on
the assunption hereinafter that the heat exchapger 41
reffpgerdabunhdichi Basi BREAURVEPOTEHEDRIh dafdds Ghe 4 ne
pores with diameters for increasing the adsorption .
blogabuninokt ShREn) r eNghi 08 RN didty TG dfsithidmdt el P Bovsde
to desorbe the adsorbed water. The heat exchanger A4 .
thef gRbIgERuURPALET dBEFEHF RS f irceafﬁfdfr?@ﬁgﬁ%%ﬁ 2 GpnaT air)
intgp%g%a%%%dggser 20 to promote heat exchange is disposed
around the condenser 20. A blower (not shown) such as the
fan is also disposed around the evaporator 70. The
refrigerant to be enclosed into the refrigerant pipe 1 will
be described later.
{0048]

The compressor 10 sucks and compresses the refrigerant
into a gaseous state of high temperature/pressure to supply
to the refrigerant pipe 1. The condenser 20 is a heat
exchanger to perform heat exchange between the refrigerant
and external air to condensate/liquefy the refrigerant. The
first throttle device 60 is generally composed of a
decompression valve and an expansion valve such as an
electronic expansion valve for decompressing and expanding
the refrigerant.

[0049]
The heat exchanger 41 for

dehumidification/humidification is composed of the heat




renove the |latent heat so as to supply air within the
dehum di fi ed subject space (hereinafter referred to
sinply the air) to the evaporator 70 by adsorbing the
water. It is not limted to the usage, however,
hum di fication unit may be disposed in the
refrigeration cycle apparatus 100 to humdify the
subj ect space using the hegit exchanger 41 for
dehuni di fication/ huni di ficatd o [ 0050) The second
throttle device 61 is generally conposed of the
deconpressi on val ve and the expansi on val ve such as
exchhfgeekeabr oaioe gxpaashafiteal represdetenpibssLiantheat
expand the refrigerant. The evaporator 70 evaporates
exchAflggasibi east He sctreabeidgenaBnboliioegit st He thred, having
exchange between the refrigerant and the air. The
finbl poeesdospased sadifacent ft chet Hanevidpor Ather drGs UKt on
the air and supplies the cooled air - 35 through the
wilheht eivkangeoin ling tedagonatoor the tas saumpdgicon hateealiter

cooled (interior space, in the refrigerator, and
thatethbg@ﬁaﬁe@xwﬁﬁ@@@aséﬂ frar exanple, the control unit

conposed of such as m croconputers controls the
deb@mllv‘éflfclﬁéqmél}m@fdlt aidippy dXONGRE iR DigkhiRrr ot with
the first throttle device 60 and the second thr tIe
diagefess €Pr HACneRs @ JdionddsodRidGh ARV &

B
uni t i vel nd each ntroller
ads&; & {oe ag%fr g’[ (‘%?ﬁ an qerFat4JEacChr uni t
dehumidification/humidification mainly as an apparatus to
remove the latent heat so as to supply air within the
dehumidified subject space (hereinafter referred to simply
the air) to the evaporator 70 by adsorbing the water. It is
not limited to the usage, however, humidification unit may
be disposed in the refrigeration cycle apparatus 100 to
humidify the subject space using the heat exchanger 41 for
dehumidification/humidification.
[0050]

The second throttle device 61 is generally composed of
the decompression valve and the expansion valve such as the
electronic exbansion valve to decompress and expand the
refrigerant. The evaporator 70 evaporates and gasifies the
refrigerant through the heat exchange between the
refrigerant and the air. The blower disposed adjacent to

the evaporater 70 sucks the air and supplies the cooled air



possesses. Thereby, an associated control is possible

by enabling signal communication. [0051] The

refrigerant used for the refrigeration cycle

apparatus 100 will be described. As for the

refrigerant wused for the refrigeration cycle

apparatus 100, there are the zeotropic refrigerant

m xture, the quasi-azeotgog%cm refrigerant m xture,

and the single refrigerant”"Regarding the zeotropic

refrigerant m xture, there is such as R407C

(R32/ R 25/ R134a), which is an HFC (hydrofl uoro carbon)
thrd&fit | ges dndéat Sernckathe zeothepevapeftpitgar dAt tai Rt Heglon

is a mxture of refrigerants having different boiling
to Ipoicdsledt (ihasribar apteei sihcshehaefeogpasitoironand

rati os of the liquid- phase refrigerant and gas-phase
refriefeirgeednvanebodstl er efpr cRampilhe Fhgsicontasts opild 89

m xture refrigerant, there are such - 36 as R410A
comp@8ed R1255 UCRAGAANREZSLRIBBAEREZFENT RSt Thce REE

refrigerants. [0052] The single reergera t

has ft.he ‘

freqypecR22T ashehsomeressehydfo @RfoPES Cdr By Tirs

refrigerant, and R134a as the HFC refrigerant. The
thrafhyeedesi FrgePannchasecRECROCe AT (F % G5 not”

a mxture, so that it may . be easily handLedlef%gh rol
the ngrbpalmpBLr | GEFAALETASTcdrb ItV 0XA%E Prhane,

.1 sohut ene, and nia may alsq be | 0 ) R22 both
uni 380" RBosvERIsFRT ARd Rifen daorey Do Providdy
thecgh &8gkfh%gkog%%h%%%’indoor unit, respectively and each
controller controls the apparatus (unit) that each unit
possesses. Thereby, an associated control is possible by
enabling signal communication.
[0051]

The refrigerant used for the refrigeration cycle
apparatus 100 will be described. As for the refrigerant
used for the refrigeration cycle apparatus 100, there are
the zeotropic refrigerant mixture, the quasi-azeotropic
refrigerant mixture, and the single refrigerant. Regarding
the zeotropic refrigerant mixture, there is such as R407C
(R32/R125/R134a), which is an HFC (hydrofluoro carbon)
refrigerant. Since the zeotropic refrigerant mixture is a
mixture of refrigerants having different boiling points, it
has characteristics that composition ratiocs of the liquid-

phase refrigerant and gas-phase refrigerant are different.

For the quasi-azeotropic mixture refrigerant, there are such



di fl uor onet hane, pentafl uoroethane, 1,1,1, 2-

tetrafl uoroetahne, and 1,1, 1-trifl uoroethane,
respectively. Accordingly, the refrigerant suitable
for the usage and object of the refrigeration cycle
apparatus 100 may be enployed. [0053] The operation
of the refrigeration cycle apparatus 100 wll be
descri bed. The heat exchanger 41 for

dehuni di fi cati on/ humi di ficafi an will be described with
respect to the operation for adsorbing the water in
the air. The refrigerant of high tenperature/pressure

as FEOIGK esisesl/ Y251 hercoMRIRE3OVR1O388R134a), that are HEC
condensed/liquefied to be the liquid refrigerant

refMydLari€s easi ng heat through the heat exchange with
the external air in the condenser 20. The liquid
[ooszfrigerant flows into the first throttle device 60
and - 37 deconpressed therein to becone the | ow
prEses W indgias -té fri gbr smp- e sehe ef ypgeRadt asThhe HCFC
gas-liquid two-phase refrigerant having the
(hydeopehhduoElhovecathan)t hefaiperhokedandt 8184de agedhe HEC
exchanger 41 for dehum dification/humdification is
refnihgerant cooTheheihghedBedndosirpnpabsisnghefecdgrddtd cs
through the heat exchange, and part of the air is
thakvhpokat edtaadmidtyshar §edthat dhi Fayi ke, ofsd Iy hapsiled.
adsorbs the water of the passing air. The gas-liquid
Suchypapuase Fefrigeranrts assERAP§Ed P&+ Ene H%@é’tanef
120 FERERS S hragmeens im0 Bl QAN S W2, oz,

R125, Rl34a, and R143a denote chlorodifluoromethane,
difluocromethane, pentafluoroethane, 1,1,1,2-
tetrafluoroetahne, and 1,1,l-trifluorcethane, respectively.
Accordingly, the refrigerant suitable for the usage and
object of the refrigeration cycle apparatus 100 may be
employed.

[0053]

The operation of the refrigeration cycle apparatus 100
will be described. The heat exchanger 41 for
dehumidification/humidification will be described with
respect to the operation for adsorbing the water in the air.
The refrigefant of high temperature/pressure compressed by
the compressor 10 is condensed/liquefied to be the liquid
refrigerant while releasing heat through the heat exchange
with the external air in the condenser 20. The liquid

refrigerant flows into the first throttle device 60 and



opened second throttle device 61 to flowinto the
evaporator 70. Al the gas-Iliquid two-phase
refrigerant is evaporated/gasified through the heat
exchange in the evaporator 70 to be a gaseous
refrigerator, and sucked by the conpressor 10 again
and di scharged. [0054] The operation of the heat
exchanger 41 for dehum di fjcation/humdification to
desorb the adsorbed water "will be described. The
refrigerant of high tenperature/pressure conpressed
by the conpressor 10 becones the gas-liquid two-phase
decoeprégsednthehklio tel baseng the lbeatnessiHe Saserliguid
air in the condenser 20. The gas- uid tmo phase
tworphaSgeraﬁtigﬁdenttheThﬁgﬁaprgéﬁﬁﬁé W @hasgs gL rigerant

through the fully opened first throttle device 60 aqﬂl
havihowshient enpke ahage é@@ﬁéngéwamfhfeoralr dgawed into the

dehun1d|f|cat|on/hun1d|f|cat|on Ui
heatwexphaseerr &fr ifgar senddiidg Qﬁhﬁ 4%§%ﬁﬁ Qﬂeﬁs

than the air flowed into the heat exchanger
madgehantarti AE Sirhdim @ &t B edts '{}b ]1% e y ti%hrough

thej 'ggaé}g@é%%%éégi T R oA G b S i S
b th

dlSFg%ggggfaﬁﬁx‘%ﬁ%Pr Sure&S?S llrgud%ase fBPrlgeréﬁater of

theeﬁ%%%éﬁ&tgﬁigetﬁégg ég(¥1&g£q §W6u5ﬂ£§§dr@991@@§éﬂted

aseous rigerant, and arrtanged

dlsc%argedu% qﬂ bCX‘l fh ac@r@fc%asf%eg'oﬁll for

dehumidification/humidification passes through the fully
opened second throttle device 61 to flow into the evaporator
70. All the gas-liquid two-phase refrigerant 1is
evaporated/gasified through the heat exchange in the
evaporator 70 to be a gaseous refrigerator, and sucked by
the compressor 10 again and discharged.

[0054]

The operation of the heat exchanger 41 for
dehumidification/humidification to desorb the adsorbed water
will be described. The refrigerant of high
temperature/pressure compressed by the compressor 10 becomes
the gas-liquid two-phase refrigerant while releasing the
heat to the external air in the condenser 20. The gas-
liquid two-phase refrigerant under the high pressure state
passes through the fully opened first throttle device 60 and

flows into the heat exchanger 41 for



again. [0055] Fig. 12 is a view show ng the

rel ati onship between the evaporating tenperature and
COP (Coefficient of Performance: energy consunption
efficiency). Fig. 12 shows the proportional relation
bet ween the evaporating tenperature and the COP. For
exanpl e, when the evaporating tenperature is 11[(C,
the COP is approximtely 3.1 (shown by (A)). Wen the
evaporating tenperature i's 3% céreased to 20[C], the
COP increases up to approximately 3.9 (shown by (B)).
The increase in the evaporating tenperature my

dehtiPa Y EchReoFRundasehdihaby.. [ @AB6hasHlitied two-phase
refrigeration cycle apparatus 100 according to the

refﬁigéﬁahteﬁ‘aeahgeﬁhe hhghkat eatpbeatuet thenwaher air39
contained in the air and the sensi ble heat nay be
floneacessedthbynhkthe keahaexelrangerfosl for
dehum dification/humdification and the evaporator 70
dehtifspect beueli yn/hontidatf ithe idinviheats ¢b lichesyi £he fin 45
achi eved. Unlike the case where the evaporator 70
andptbeessied ehlte ali at. enfThige dti caved lielde redsigsit@iedtS, t he
evaporating tenperature of the refrigerant can be set
dechingres sedThiys thehes esionde dhdiotitd s g vayret érh déh hfcemshithe
deposition of the frost and needs no defrosting
lowoperstsiuor dest Lilyid doeranasen ety 198 s apordts s~

tenperature has to set to be the valu%llomer thqp t
ligyad peonhiase ke fdigssiadtior ysaddto the evaporator

evaporated and gasified entirely into the gaseous
refrigerant, and arranged to be sucked by the compressor 10
again.

[0055]

Fig. 12 is a view showing the relationship between the
evaporating temperature and COP (Coefficient of Performance:
energy consumption efficiency). Fig. 12 shows the
proportional relation between the evaporating temperature
and the COP. For example, when the evaporating temperature
is 11[°C], the COP is approximately 3.1 (shown by (A)).
When the evaporating temperature is increased to 20[(°C], the
COP increases up to approximately 3.9 (shown by (B}). The
increase in the evaporating temperature may improve the COP
accordingly.
[0056]

In the refrigeration cycle apparatus 100 according to

the present embodiment, the latent heat of the water




the frost deposited. [0057] The use of the condensed
exhaust heat in the condenser 20 nay desorb the water
adsorbed in the heat exchanger 41 for
dehum dification/humdification (fin 45). The desorbed
wat er may be di sposed, or used for humdification. The
heating device such as the heater for desorbing the
water is no |onger necegsq&yu_thus requiring no power
for the heating device. ThHi's makes it possible to
| argely reduce the power consunption. [0058] When
the refrigeration cycle apparatus 100 according to
conthenpdesenthenbodi aedt the appisiibd ot beglie Meaf Hegaracassed
war ehouse under the conditions where external air is
by biénbaahedxehahberdhy- Foirb dedbmpdddtfiica tdlomgdugidiHeation
40 relative humdity of 60[%, and absolute humdity
andothe 18venpgakgk, 70haesercitaValyit sg0 thay & fHIvisdadp of
apparatus so that the refrigeration cycle apparatus
roles bperahéevedr Uphékeefthiegérdiced the evaporator 70

(air-conditioned space) in the refriager teqhy@gehouse
progespesmibft aPhed taR@toRfich e Ffier ot Smdi tions

f the dry-bulb t t 10 , th | atj .
coabebTe Koo s e Sk bt L8 B griioner-

Thu%sgo?:lgl]e alir} tcrc])%dri%firoin eI'lrgatSj yos eC Cclaen applpeat;eaﬁfjsdgggf 191(5‘19 of
the frost and needs no defrosting operation even when
conventionally the evaporating temperature has to set to be
the value lower than the dew point in the evaporator 70 and
the frost deposited.
[0057]

The use of the condensed exhaust heat in the condenser
20 may desorb the water adsorbed in the heat exchanger 41
for dehumidification/humidification (fin 45). The desorbed
water may be disposed, or used for humidification. The
heating device such as the heater for desorbing the water is
no longer necessary, thus requiring no power for the heating
device. This makes it possible to largely reduce the power
consumption.
[0058]

When the refrigeration cycle apparatus 100 according to
the present embodiment is applied to the refrigerated
warehouse under the conditions where external air is

maintained at the dry-bulb temperature of 30{°C], the



Enbodi nent 4, by making the water adsorbed by the fin
45 using the heat exchanger 41 for
dehum dification/hum dification as described in
Enbodi ments 1 to 3 as the dehum difyi ng/ hum di fyi ng
device, the evaporating tenperature of the
refrigerant in the heat exchange with the air in the
evaporator 70 does not have to be set in
consi deration of the |atent*héat caused by the water,
so that the refrigerant may be controlled to the
tenperature in consideration of the sensible heat.
relibise KBkt RESTONQ ,t anamle® sbleteomunessiton afat i o
in the conpreéessor of the refrigeration cycle

16.@!21@?%&;% shRl lconthidd unir 6Wi mevt hergrerlgyeach apparatus
perfornmance represented by the COP in the

so ket gekathiedr icyealas iappavatles saxpaaratiurdes CENBENIVENTL
5 - 41 - [0060] Fig. 13 shows an exenplary structure

theofretfite gareftradyaraat dra icycloaddppametdiSEEIt ddt dittl ng
to Enbodi nent 3 of the present invention. The

r e firdfomirgdreat war ahoise dupdreatmesin teoigre bfanthe Prieigeird under
enmbodi ment is forned, but is not limtedto, as an air
thec eodictiitarinmgy oy sthemdiar hed | R b Wper@ati one
The apparatuses shown in Fig. 13 with the sa
re Ledfiaree hammiliner & Hy t%éigftﬁes%?f’rcb]éat? ﬁnﬁi&gﬁtﬂﬁent 4
erformthe sane functions, so that explanations wll
4.3 9/dtdltt ed. [0061] ~

[0059]

In the refrigeration cycle apparatus according to
Embodiment 4, by making the water adsorbed by the £in 45
using the heat exchanger 41 for
dehumidification/humidification as described in Embodiments
1 to 3 as the dehumidifying/humidifying device, the
evaporating temperature of the refrigerant in the heat
exchange with the air in the evaporator 70 does not haﬁe to
be set in consideration of the latent heat caused by the
water, so that the refrigerant may be controlled to the
temperature in consideration of the sensible heat. This
makes it possibie to make the compression ratio in the
compressor of the refrigeration cycle apparatus small, thus
improving the energy performance represented by the COP in

the refrigeration cycle apparatus as an ilndex.

EMBODIMENT 5



The refrigeration cycle apparatus 100a is forned by
the conpressor 10, the condenser 20, the first on-off
valve 30 and the second on-off valve 31 which are
provided in parallel, the heat exchangers 4la and 41b
for dehumdification/humdification which are
provided in parallel, back-flow prevention nenbers 50
and 51 which are provided %f parallel, the throttle
device 62, and the evaporator 70, being sequentially
connected with the refrigerant pipe 1. As described
in Enbodinents 1 to 3, the refrigeration cycle
[00gPpar at us 100a i ncl udes heat exchangers 4la (a first
heat exchanger) and 41b (a second heat exchanger) for
dehugi di i shevenahuskempbileati st rkaurgr @ &t Adie heat
exchanggrs 40 having the fin 45 with fine pores forned

refgaoenatdonf &oEleTREPe 140l et 0 s radreiifbisd 493 Erepdiment 3
for - 42 - dehum dification/hunidificatjon are

of ith@epargenit! ¢ yGNHamt o Ththe s Hdgtiramiqn cycle apparatus
i ndependently. [0062] . The refrigeran ipe 1 is

1008r8%c|’%@8 Pﬁteéen”([?f ErgeEmen i ife LT dpfi“g? 1Pt t he

.. on-of f val ve 30, the heat, exchanger 41a for . .
Limg Saiiiod Fitc At Grh Gt T vt ith S EHER HEPT pAsAE Hhgfsooling
revention mber 50 .are connect.ed .ref{§ er ant o
OPepEsions - adde REPAT AU AmI VW 1 ot fraat S aYbhAngRy Same

e R0 ASDUTLOLL Gald AL L0 $201 olBoi e

| oW prevention nenber el ng connec

pert[fggrénit %Zaﬁaa%g!l%in &%.F'hc,fé‘:iorr%s,pes% | MEL Y e NE38n 81 Enb 0L D pe
omitted.
(0061]

The refrigeration cycle apparatus 100a is fqrmed by the -
compressor 10, the condenser 20, the first on-off wvalve 30
and the second on-off valve 31 which are provided in
parallel, the heat exchangers 4la and 41lb for
dehumidification/humidification which are provided in
parallel, back-flow pfevention menmbers 50 and 51 which are
provided in parallel, the throttle device 62, and the
evaporator 70, being sequentially connected with the
refrigerant pipe 1. As deécribed in Embodiments 1 to 3, the
refrigeration cycle apparatus 100a includes heat exchangers
4la (a first heat exchanger) and 41b {(a second heat
exchanger) for dehumidification/humidification that are the

heat exchangers 40 having the fin 45 with fine pores formed

on the surface. These two heat exchangers 4la and 41b for



refrigerant flowing in the refrigerant pipe 1 may
enpl oy the one described in Enbodi nent 2. The
refrigeration cycle apparatus 100a is provided with a
tenperature/ hum dity detection unit 81 (a first
tenperature/hunmdity detection wunit) at the inlet of
the air passage of the evaporator 70 for detecting
the tenperature and hum dity of air flowng into the
evaporator 70. [0063] The 4Z%enperature/ humidity
detection unit 81 may be of any type so far as the
tenperature and the humdity are detected and types

deh@h®d? et caltToh9thulnl dRah thagYbal arkofi ndepMdeet 14N ®uilt into
tenperature sensor such as the therinstor,

thet RaHBRIELE + H¥dePbehen@nsor, and hygrometer may be
enpl oyed. [0064] - 43 The on-off valves 30 and 31

fookunction as flow passage selecting units for
selecting the refrigerant circuit that are not

| imhéedefFeibbBeapar pipul ar ikypeandhedbaekof kewrigerant

prevention nmenbers 50 and 51 prevent back-flow of the
pipeef liagenantilf.| eufitrg tthweo ogh ctfife viadfud ger,andthepilpes: | a

and I b. Such as a check valve may be enpl oyed, but is
exchangleirmidtled fioor dehempalitfiicultaont/\nwe i dilfa dairiatt,| end the

device 62 is generally conposed of a deconpression
backalflewapdt eorgrdrisino mewdleve Sfloered scomscdssl dy tiefrigerant

refrigerant to expand. The el ectronic expansion val ve
Pipgny ahe adplthpe@n-fodif avadivis 81, THéec dmatolexaiiinggp 41b for

according to the present enbodi nent controls the _
dehumidification/humidification and the back-flow prevention

member 51 being connected by refrigerant pipe 1b
respectively, these are jeoined together again. The
refrigerant flowing in the refrigerant pipe 1 may employ the
one described in Embodiment 2. The refrigeration cycle
apparatus 100a is provided with a temperature/humidity
detection unit 81 (a first temperature/humidity detection
unit) at the inlet of the air passage of the evaporator 70
for detecting the temperature and humidity of air flowing
into the evaporator 70.

[0063]

The temperature/humidity detection unit 81 may be of
any type so far as the temperature and the humidity are
detected and types are not limited in particular. For
example, the temperature senscor such as the therimstor,
thermometer, humidity sensor, and hygrometer may be employed.

[0064]



respective apparatuses including the on-off val ves 30,
31 in addition to the controlling operations
descri bed above. The control unit further perforns
the air passage control by switching the air passage
switching units 301la to 304a, and 301b to 304b
described later, and calculates the relative humdity
of the air in the evaporatoy, 70 based on the
i nformation fromthe tenperé%ure/hunidity det ecti on
unit 81 to convert the relative humdity into the dew
poi nt (dew point tenperature). [0065] Fig. 14 shows
a BheushuoEf offadmesndOorndnidll IDRcwhene ast Hdow passage
evaporator 70 and the like are built-in. The indoor
se lenitting0Qndhewtoirn sEilgctliqd $hFpamndfatigetisposietcunt theat
refrigerated warehouse (air-conditioned space) 400 and
aret het4d imigsd por tihen Hay tdicsposed e t hellex teaqiat £ bow
side 500. In the indoor unit 300, the heat exchangers
prefeatdnd sEpdles Sdeland dilf inerVon Rask Fleatebntad
the evaporator 70 as shown in Fig. 13 are puilt-in.
refEigraes tod lond ro e ds e cafiri It fRPehdl axdad 1.

flow fan are di sposed adjacent_to _the heat exchfngets
such] @sard AESK oL MA AT iRRIVBRUNPEF f1ERF bl LFFRESD TO

i ndoor, unit 300 is ,frovided th. a duct 910 whi ch ngi
they may tigade LityHe-om e tRiporardeviest 8%  he generally

Corr{pgz%%g %rfa t::1e ddevc\éa(l)rmephroeusssei o4r9 Ova u&'e aelir?g e}%{ljlgll{ g3 ctntL1 Sy g i fe for
decompressing the refrigerant to expand. The electronic
expansion valve may be employed, for example. The control
unit 80 according to the present embodiment controls the
respective apparatuses including the on-off valves 30, 31 in
addition to the controlling operations described above. The
control unit further performs the air passage control by
switching the air passage switching units 30la to 304a, and
301b to 304b described later, and calculates the relative
humidity of the air in the evaporator 70 based on the
information from the temperature/humidity detection unit 81
to convert the relative humidity into the dew point (dew-
point temperature).
[0065]

Fig. 14 showé a structure of an indoor unit 300 where
the evaporator 70 and the like are built-in. The indoor
unit 300 shown in Fig. 14 is partially disposed in the

refrigerated warehouse (air-conditioned space) 400 and the



The indoor unit 300 is structured to disconnect the
air passage (air flow) between the heat exchangers
41la and 41b for dehumidification/humdification. The
i ndoor unit 300 is capable of switching the air

passage. By switching the air passage the heat
exchangers 4l1a and 41b for

dehum di fication/hum difica 4Qp can be communi cat ed
with the inside of the reftigerated warehouse 400 and
the external air 500. The operation for swtching the
air passage is perforned by the air passage SMAtChIn%
resdnprtSQha iandi3@bsed 22&hencx3G2nal3eda aidle3ddis) n
and 304a and 304b, respectively. The air passage may
thebéntionel yinddj Btled the theet aixchpasrsage Hdj @b for
units 305a and 305b. [0067] The air flowin the
dehiindddrf iuniti 30w ldi e ateiayy idvadl. the pyamefadidy nif 13°
Fig. 14, the air passage switching units 301a, 302b,

sho8B3ln dhdy .304h ane pehetin andharess dhanhgel such'as a
swtching units 301b, 302a, 303a, and 304begi élose k to
cenirdrfugae frass paed jaselal rf e skafe 2% (SRS §hi 1L AT
in the aforenentloned state, the built-in space of
thet hediesxchandriiyetl2and o 1b for
dehum dificati n/hun]dlflcatlon S Or| E{@ 3@ﬁtfs
dehie lé%adfalro Wb FLEF S t NI OO [N 175
outS|de ( m1A$ ﬂ b%l|t in_s fafr the
Progidcifsh Frt o ﬁﬁ? f??c%??o ggnfélélca Fon 1S
co nic Wi th the_insid é Liogpatede aiso
ev quaﬂ%a;§46% e {%Erb%%f§§§ V%§% %M/tﬁe air (for
suREBLE o e
[0066]

The indoor unit 300 is structured to disconnect the air
passage (air flow) between the heat exchangers 4la and 41b
for dehumidification/humidification. The indoor unit 3QO is
capable of switching the alr passage. By switching the air
passage the heat exchangers 4la and 4lb for
dehumidification/humidification can be communicated with the
inside of the refrigerated warehouse 400 and the external
air 500. The operation for switching the air passage is
performed by the air passage switching units 301a and 30lb,
302a and 302b, 303a and 303b, and 304a and 304b,
respectively. The air passage may be finely adjusted by the
air passage adjustment units 305a and 305b.

[0067]

The air flow in the indoor unit 300 will be described.



tenperature 10[C] and relative humdity 60[%) (arrow

B) to flowin. [0068] 1In the above structured air

passages, the heat exchanger 4la for

dehum dification/humdification perfornms desorption,

and the heat exchanger 41b for

dehum di fication/humdification perforns adsorption.

Thereby, the |atent heat_ _be processed by the heat

exchanger 41b for dehumi dification/humdification and

the sensible heat nay be processed by the evaporator

70 individually. Meanwhile, when the open/closed
Refgranirg bb Bagh akr phssage pewiseds mylhwhingr ainits 301a,

inverted, the air flows into the built-in space of
302bhe3fdht erdhander aggaopgned, and the air passage

dehum di fication/humdification, and the expanded air
switcohBg- unbtsi APebr heé0Bai | IR space R HFhe&aesed.  When

exchanger 41b for dehun1d|f|catlon/hun1d|f|cathp.
theTﬁ@nggglggcﬁ&ﬁg@@sgfgef§W1 tching units are in

dehum di fi cati on/ hu qQn perforns sor.pti.on,
afoaﬁaepﬁéonﬁéatsté%@ha%@ ¥ig tram Space b THE et

eh d di.f
excﬁaeﬁé"al 8l yor F/@%\%%‘ql%ﬁ-f P B o e
t.h mh t
confhaBERYeh B350 s BB L AR Py o
flo%ogrghr oB@ %ﬁ%e %‘Qﬂ g‘ipﬁgg l""’Phtes’ bL%.QI.l@-‘l %;pah §0§P @i‘i‘g heat

are ¢ osed ai r ‘passage  swi i ng un

excﬁgﬁeer3qgﬁ f%QB%E% %ia%%l6E516H¥Hﬁﬁhdlflcatlon is
communicated with the inside of the refrigerated warehouse
400 via the duct 310 to allow the air (for example, the
temperature 10[°C] and relative humidity 60([%]) (arrow B) to
flow in.

{0068]

In the above structured air passages, the heat
exchanger 4la for dehumidification/humidification performs
desorption, and the heat exchanger 41b for
dehunidification/humidification performs adsorption. Thereby,
the latent heat may be processed by the heat exchanger 4lb
for dehumidification/humidification and the sensible heat
may be processed by the evaporator 70 individually.
Meanwhile, when the open/closed states of each air passage
switching unit are inverted, the air flows into the built-in
space of the heat exchanger 4la for

dehumidification/humidification, and the expanded air flows



[0070] As shown in Fig. 15(a), the built-in space of
the heat exchanger 41b for

dehum dification/humdification is conmunicated with
the external air 500 to allow the external air to
flowin (arrow C). The built-in space of the heat
exchanger 41l1a for dehumdification/humdification is
communi cated with the insids of the refrigerated

war ehouse 400 via the duct®810 to allow the air to
flowin (arrow D). At this tinme, the heat exchanger
41b for dehumdification/humdification desorbs the

inteRlt®e WG dhe deate exehengeatedil fcianger 41b for
dehum dification/humdification adsorbs the water.

deHtinti.d {15(dy ¢ Sdromsur hel Saeet Bsn WhBtie ilseas hexehangét géla for
14, so that the explanation will be omtted. [0071] -

detifni i B caltbi drs/ raurict di T @gt som (Pt £ ems didse ey iohi cand the
represents the refrigerant state in the refrigeration

heaty adsachardeer r&fb | fer adehetddeficat henfleimidef acabhon
cycle wll be described based on Fig. 16. The

pewniBrying afe soast bént heespéagived denot es an absol ute
pressure (P), and the horizontal axis denotes

[O&efthal py (h). Referring to Fig. 16, the region
surrounded by the saturated liquid |ine and the

.

satfiirat db Mapor %Rﬂeﬂf@{sﬁ@ée‘f&%ﬂtﬂl&oh‘%ﬁi’@%ﬁ* g?ﬁa‘F% where
the G11F Pt HRASH IR aFBR LPAEPE UhkhesPBprasaHi EoPRE.
e bhUERs St 51 PLRL BRE L1 20 0c! 1B LAt
301la, 302b, 303b and 304a are closed, and the air passage
switching units 301b, 302a, 303@ and 304b are opened.
[0070C]

As shown in Fig. 15(a), the built-in space of the heat
exchanger 41b for dehumidification/humidification is
communicated with the externmal air 500 to allow the external
air to flow in (arrow C). The built-in space of the heat
exchanger 4la for dehumidification/humidification is
communicated with the inside of the refrigerated warehouse
400 via the duct 310 to allow the air te flow in (arrow D).
At this time, the heat exchanger 41k for
dehumidification/humidification desorbs the water, and the
heat exchanger 4la for dehumidification/humidification
adsorbs the water. Fig. 15(b) shows the same as what is
shown in Fig. 14, so that the explanation will be omitted.

(0071]



refrigerant. That is, in the states (1) and (5), the
refrigerant is gaseous, and in the states (2) and (4),
the refrigerant is in the gas-liquid two-phase state.
In the state (3), the refrigerant is liquefied.
[00721 The operation of the refrigeration cycle
apparatus 100a w | be described based on Figs. 13
and 16. Descriptions w Ll given to when the on-off
valve 30 is opened, the on- off valve 31 is closed,
t he heat exchanger 4la for
dehum dification/humdification is operated for
deRioy bi hg 1% he Bl ediaanant Mohbaeredéhangsy @wiachor
dehum di fication/humdification is operated for
reppelsenbsnghet hefwageransi statehdnofhst rafigeration cycle.

closed, the refrigerant does not flow into the heat
The egehnhgeranibstateqdn the refrigeration cycle will be

dehum dification/humdification. [0073] The
desggsibegebafedi Ant KéJdgadéous Trat@rdfl Gilgipxls of the
41 G5APr B6BBI o802 FRSCAS 6 R B S Hau 1N e fagrizontal
o i QU REO (L B.SRTIGRET 20 The g L% ol L egion
sur RRRNASR, PLAke LS ey 31y, el eesl olenlat gt
vaohP 8 Bhrg R ST H B oo, s et ettty co-
phabg' gﬁgﬁ'%?hme%ﬁ%:}%tg’i%w hymdid At A PASSLSted liquid
line represents the liquefied refrigerant, and the region to
the right of the saturated vapor line represents the gaseous
refrigerant. That is, in the states (1) and {5), the
refrigerant is gaseous, and in the states (2) and (4), the
refrigerant is in the gas-liquid two-phase state. 1In the
state (3), the refrigerant is liquefied.
{0072]

The operation of the refrigeration cycle apparatus 100a
will be described based on Figs. 13 and 16. Descriptions
will be given to when the on-off valve 30 is opened, the on-
off valve 31 is closed, the heat exchanger 4la for
dehumidification/humidification is operated for desorbing
the water, and the heqt exchanger 41lb for
dehumidification/humidification is operated for adsorbing

the water. Since the on-off valve 31 is closed, the

refrigerant does not flow into the heat exchanger 41b ﬁor



transfer pipe 46. At this tinme, a heat exchange

between the refrigerant and the air is conducted to

i ncrease tenperature of the fin 45 and the anbi ent

air to reduce the relative humdity. As a result, the

wat er adsorbed on the fin 45 is desorbed. The

gas-liquid two-phase refrigerant turns into the

liquefied refrigerant (the ?gate,(s) shown in Fig.

16). [0074] The refrigerant®fTows in the back-flow

prevention nenber 50 to be deconpressed in the

throttle device 62. The deconpressed refrigerant
de REGRIES ch il W ANESEIN B @astdn qui d  t wo- phase

refrigerant (the state (4) shown in Fig. 16). The
[0S | i quid two-phase refrigerant flows into the

evaporator 70 and is evaporated by renoving heat from

t hehai retfeibeoent: i [thw preessurse gassoust tefgh ger ant

(the state (5) shown in 49 Fig. 16). The air here
terguisrthsré herewmdere bytabe tempreexehdngethdlpompressor 10

dehum dification/humdification as described |ater.
{imTHzhenistatse cobl eshownfliowbut 16t of tpies pefei e afegdenser

war ehouse 400. Then, the gaseous refrigerant is .
20 sucked 1yLxheerenprirsohe 10fagementoredcatate FRrRppeinto

refrigerant circuit. The cooling/refri erating ,
theperst} biisid aFwocphaset skaby WhiLel E@Fﬁga%hg eleasing

ned UL IS D AE (Lol (lgebant chicult uil fychangtno o)
shgﬁfcﬁgi993f6£§?§in%heoggégikgﬂfd nggkase refrigerant of
high pressure state flows into the heat exchanger 4la for
dehumidification/humidification, and passes through the heat
transfer pipe 46. At this time, a heat exchange between the
refrigerant and the air is conducted to increase temperature
of the fin 45 and the ambient air to reduée the relative
humidity. As a result, the water adsorbed on the fin 45 is
desorbed. The gas-liquid two-phase refrigerant turns into
the liquefied refrigerant (the state (3) shown in Fig. 16).
[0074]

The refrigerant flows in the back-flow prevention
member 50 to be decompressed in the throttle device 62. The
decompressed refrigerént becomes a low pressure gas-liquid
two-phase refrigerant (the state (4) shown in Fig. 16). The
gas-liguid two-phase refrigerant flows into the evaporator
70 and is evaporated by removing heat from the air to become

a low pressure gaseous refrigerant (the state (5) shown in



Fig. 17 is a psychronetric diagramfor explaining the
operation of the heat exchanger 41b for
dehum dification/humdification in the refrigeration
cycle apparatus 100a. The operation of the above
refrigeration cycle apparatus 100a w Il be descri bed
using the psychronetric diagramand the structural
view of Fig. 14. In Figs. ,4 and 17, for the air
passi ng through the heat exchanger 41b for
dehum dification/humdification nade to be
communi cated with the inside of the refrigerated
Figwarehousthe 400r kleseraptoons bhe yaten by the beate
(1) shown in Fig. 17 representing the state of the
exclangeef dtle Passiegunhddbghatine/heaidéfératgen 4sb for
dehum dification/humdification, the state (2) shown
des¢pilmpq. lqtzerepr'élgén@itﬁglﬁh@ogﬂatiet@f flpw oxitr into the
I mredi ately after passing through the heat exchanger
refyiigerated Varelenani 4PPi calhers hGﬁ?dHﬁﬁ@@Mﬂoﬁefafﬁ@etlﬁélt
state (3) shown in Fig. 17 rep resentln%§H3§ state

is %lhfék%ﬁirbvnﬁ%aua%wesafafeﬁ-ot RE2hBattOekd é‘t\ﬁtlﬁl
evaporator ,70. . [0076 |pt|o SN iven taq
ref%% r?.]ﬁ% ﬁéé?u% Cha'lIi Sr Cogiﬁn]gélre rlgeratlngg Operatlons
djf t n/ h i d b
are CenRTh et en Bk oar PulnEh e Bhe Relir Garariy i B use
) t t th
re T bABEP Rt uF e 10 B M Re %Pé#l@es%lu eSO Sane

ref%?%e%gﬁglﬂgneg g%a%é&ftﬁeSQLg/k%kSS@%ﬁ%gpm%f%151 the

rementi ["ows ™ I'nt 0 the he exchanger

Opeééglgﬁg.
[C075)

Fig. 17 is a psychrometric diagram for explaining the
operation of the heat exchanger 41lb for |
dehumidification/humidification in the refrigeration cycle
apparatus 100a. The operation of the above refrigeration
cycle apparatus 100a will be described using the
psychrometric diagram and the structural view of Fig. 14.

In Figs. 14 and 17, for the air passing through‘the heat
exchanger 41b for dehumidification/humidification made to be
communicated with the inside of the refrigerated warehouse
400, descriptions are given to the state {1) shown in Fig.
17 representing the state of the air before passing through
the heat exchanger 41b for dehumidification/humidification,
the state (2) shown in Fig. 17 representing the state of the

air immediately after passing through the heat exchanger 41b



dehum dification/humdification, thé air is brought
into the state (2) along an equi-enthalpy line to be
fed to the evaporator 70, where the relative hunmdity
bei ng reduced from60[% to 30[%, the absolute
hum dity being reduced from4.56[g/kg] to 2.96[g/kg],
and the dry-bulb tenperature being increased from
10[C] to 14[C]. [0077] Since the anmobunt of the water
adsor bed by the heat exch %é? 41b for
dehum dification/humdification becones |arge in the
regi on where the relative humdity is equal to or
rorniighahi th&n cappoeyinmetieliyf i300hidd, ianddss Hiwmtteo (3) shown
dehum dify the air in the state (1). The-air in the
in shigte17(2kpreseodlied hhd heammmiltis aie isersiistely
heat through the heat exchange of the evaporator 70
aftef the siate eofchariye wddnsttde etmmitgtehufidity to
turn into the air of the state (3) where the relative
[oongmidity is lower than 100[% and the dry-bulb
tenperature is -2[C]. [0078] |In nost cases, the
i nbederaptibesr efidilgbeatdyermarteholas G0 hea lyerehandpr
kept at the tenperature range |ower than 10 C%, and
41kt e revepowitd i qariper/Avured} 1 ¢algien RPTrRetthe gigter
than O[C]. However, the refrigeration cycle ar at
contemd iof R ofnsikde | e t Fel BVaphi 58S 1Rt ‘é?‘“at{?%'

enclgr 5, SERLELEY TR (4G o U LB (AL e,
thg[¥%f§?%4gﬂﬁﬁmidity 60[%], and the absolute humidity
4,56[g/kg]. When the air in the aforementioned state flows
into the heat exchanger 41b for
dehumidification/humidification, the air is brought intec the
state (2) along an equi-enthalpy line to be fed to the
evaporator 70, where the relative humidity being reduced
from 60{%] to 30[%], the absolute humidity being reduced
from 4.56[g/kg] to 2.96[g/kg]l, and the dry-bulb temperature
being increased from 10{°C}] to 14[°C].
[0077)

Since the amount of the water adsorbed by the heat
exchanger 41lb for dehumidification/humidification becomes
- large in the region where the relative humidity is equal to
or higher than approximately 30%, it is possible to
dehumidify the air in the state (1). The air in the state

(2) is cooled by the removal of the sensible heat through

the heat exchange of the evaporator 70 in the state of



tenperature -2.9[C] of the state (2)) so as not to
allow the refrigeration cycle to execute a defrosting
operation for renmoving the frost formed on the
evaporator 70. [0079] The control unit 80 may be
configured to adjust the evaporating tenperature of
the evaporator 70 to increase by controlling the
opening of the throttle deygice 62, the drive
frequency of the conpressor 10, the rotating speed of
the Dblower 91 and the like. As described in Fig. 12,
if the evaporating tenperature is set high, the COP
conppgnbeabapltvhedhupydi fist tanbunn. i8tec&hehalay gdortds wfate
tenperature of the evaporator 70 nay be higher than
(3) tWecgewthei Aelahdvdar Brpidasyuis. lohgr ithanne Odr(giln and the
pipe is required, thus reducing the manufacturing
drycgéib temperatrppg8oisThélcbhtrol unit 80 cal cul ates the
relative humdity of the air in the evaporator 70
[Ooﬁgked on the information from the

| STESA R SLLY et o0 ULt Bk e RRLe e e
OBk BT ELTL TR, P82 5 Tl o
1009, b8 EBLTE9EEE S8, R RIBSR 400 Lo It Ul s
LowEEEHEheD SO S MLEh £98 B8 AROLAN DL LI Miflaratas
10041 Tt edpa¥hEN it skting the evaporating temperature of
the evaporator 70 (14[°C] of the state (2)) to be higher
than the dew-point temperature (for example, the dew-point
temperature -2.9[°C] of the state (2)) so as not to allow
the refrigeration ﬁycle to execute a_defrosting cperation
for removing the frost formed on the evaporator 70.

[0079]

The control unit 80 may be configured to adjust the
evaporating temperature of the evaporator 70 to increase by
controlling the opening of the throttle device 62, the drive
frequency of the compressor 10, the rotating speed of the
blqwer 91 and the like. As described in Fig. 12, if the
evaporating temperature is set high, the COP may be improved
by that amount. Since the evaporating temperature of the
evapecrator 70 may be higher than the dew point, no drain

occurs. That is, no drain pipe is required, thus reducing

the manufacturing cost.



determined that the relative humdity of the heat
exchanger 41g for dehunmidification/humdification at
the outlet of the air passage becones equal to or
| arger than a predetermned threshold value based on
the detection information fromthe
tenperature/hum dity detection unit 81, the contro
unit 80 switches the on-off valve 30 fromthe open to
the closed state, and the3@n-off valve 31 fromthe
closed to the open state to switch the refrigerant
flow. The gaseous refrigerant of high

[Ooég erature/pressure is made to flow into the heat
excthanger 41b for dehum dification/humdification to

'rﬁ%{@a%cggéﬁ@% Mures of1chbecbintds padathecanbheaity of

air is, the operation of the heat

h eé hangery41pyEBbrate? 70 based on the information from
the ﬁ Eg ?lcatyo%/hun1d|f|cat|on whi ch has been

theagéﬁﬁ@kﬁﬁuk@?huﬂ@ﬂ@%y‘Ee%@dkﬁﬁﬁduhgtdﬁaorbimhedaﬂnﬂlated
When tenperatures of the fin 45 of the heat exchanger

rel4&bybonundahyr disf ikbahi edhveritdid iicatd dmeankkw peint. The
anbient air are increased, the relative humdity is
dewdpﬁﬁﬁﬁsﬂﬁytbefabQ@&Qeﬁh®as&dBmnbeﬂuwﬂkxwvdnned result.
reproduction. Meanwhile, the refrigerant flow passage
Airi snswhecBedesd 3t hats tdie fusad dxdivantder &lfy fggrated
dehum dification/hum dification cones to adsorb the
warshbese MO0t e aiaintEie Héwt dswciandertempetagure at 10[°C]
dehum dification/humdification is structured to

or Adwerhb t Fhe wmoamy ©f Hheiwatfre raHant néigh Ganikfe
t he war ehouse 400 -
adsorbed by the heat exchanger 41b for

dehumidification/humidification is limited. When it is
determined that the relative humidity of the heat exchanger
41g for dehumidification/humidification at the outlet of the
air passage becomes equal to or larger than a p;edetermined
threshold value based on the detection information from the
temperature/humidity detection unit 81, the control unit 80
switches the on-off valve 30 from the open to the closed

. state, and the on-off valve 31 from the closed to the open
state to switch the refrigerant flow. The gaseous
refrigerant of high temperature/pressure 1s made to flow
into the heat exchanger 41b for
dehumidification/humidification to increase temperatures of
the fin 45 and the ambient air.

[0081]

That 1s, the operation of the heat exchanger 4lb for



Is dehum dified fromthe state (1) to (2) as shown in
Fig. 17. [00821 The anmount of the water which can be
adsorbed by the heat exchanger 4la for

dehum dification/humdification is limted. Wen it
is determned that the relative humdity of the heat
exchanger 41a for dehumdification/humdification at

the outlet side of the n& passage becomnmes equal to

or higher than a predeter Aed threshold val ue based

on the detection information fron1the

tenperature/hum dity detection unit 81, the contro
dehuidi 80-a SMbh chesi dhei one Ddf waive BAsfbeant hdsokbsed the

to the open state, and the on-off valve 31 fromthe
wat@pers towithehed oseddessatb ethe satech tWeeneteigeranures of

flow The gaseous - 54 refrigerant of high
the tEipes At af etlpe elssait eexshéeder ndédbt fier heat exchanger

4l1a for dehum dification/humdification to increase
dehureigpef atak esn ohutbéi fipagsonndnthghanbnbiensi piguare

that the relative humdity is |lowered to desorb the
increased, [OO8BElAsivenhivhddtibovedennensene tef reHease the

heat exchangers for dehum dification/ humdificatiaon
adsqileed externger zebreduction. Meanwhile, the refrigerant

dehum di fication/ hum dification) adsorbs the water,
flOWh@aS$@g¢|géréwnéﬁh69c|éOaBBaFaFD§ hegd e urldd for
ow the other heat exchangFr for .
deh%h@hfawrbafl(BmehﬁaPPﬂ‘-&aﬁ GRMEEhES: 28O bnddie afer in

for dehun1d|f|catloH/hun1d|f|c%tlon) to
the air The heat exchanger

dehumidification/humidification is structured to adsorb the
water in the air such that the air inside the warehouse 400
is dehumidified from the state (1) to (2) as shown in Fig.
17,

[0082]

The amount of the water which can be adsorbed by the
heat exchanger 4la for dehumidification/humidification is
limited. When it is determined that the relative humidity
of the heat exchanger 4la for
dehumidification/humidification at the outlet side of the
alr passage becoﬁes equal to or higher than a predetermined
threshold value based on the detection information from the
temperature/humidity detection unit 81, the control unit 80
switches the on-off valve 30 from the closed to the open
state, and the on-off valve 31 from the open to the closed

state to switch the refrigerant flow. The gaseous



desorb the water. The operations of the heat
exchangers are alternately switched dependi ng on the
anmount of the adsorbed water. Switching of the air
passage to select the refrigerant flow passage all ows
the humdity (latent heat) of the air in the
refrigerated warehouse 400 to be renoved

continuously. [0084] Table 2 collectively shows
control states of the on-off4 -val ves 30 and 31 (fl ow
passage switching unit) and air passage sw tching
units 301la to 304b, and functions of the heat

ref§§§Q§Q §r8f4ﬁ§8ﬁnqﬁﬁ%% %?ggs(gressure is fed into the

|f|ca n/ h In Table 2, pattern 1

hea eEﬁSﬁgﬂ%értaﬁg %B% heatmeushangen ohkduk@li fication to

Ication/hum di fication adsorbs water, and the

1ncg@ﬁ el éﬁ c8xehdagehr4ihef @in 45 and the ambient air such
|f|cat|on/hun1d|f|cat|on desorbs the adsorbed

thaWaEﬁEe 2218R0VR il +y156a) owkadleliet o2 ddsepiesent svater.
that the heat exchanger 4l1la for

roodghum di fication/hum dification desorbs the adsorbed
water, and the heat exchanger 41b for
dehunmnéhf i 6atioabbusi dvheaabhenoddshebietle exahengaess for
shown in Fig. 15 (b). The continuous operation may be
dehperifidified t oy /$wintichi fig athenpafteermexchany<;, {408Bir
[Table 2] Air Air Air Air
dehumidification/humidification) adsorbs the water, the
refrigeration cycle apparatus 100a is structured to allow
the other heat exchanger for dehumidification/humidification
(heat exchanger 4la for dehumidification/humidification) to
desorb the water. The operations of the heat exchangers are
alternately switched depending on the amount of the adsorbed
water. Switching of the air passage to select the
refrigerant flow passage allows the humidity (latent heat)
of the air in the refrigerated warehouse 400 to be removed
continuously.
[0084])

Table 2 collectively shows control states of the on-off
valves 30 and 31 (flow passage switching unit) and air
passage switching units 30la to 304b, and functions of the
heat exchangers 4la and 41b for
dehumidification/humidification. In Table 2, pattern 1

represents that the heat exchanger 4la for

dehumidification/humidification adsorbs water, and the heat



Heat On-of f passage passage passage passage Pattern
exchanger valve switching switching swtching
switching unit unit unit unit 4la 41b 30 31 30l a 301b
302a 3026 303a 3036 304a 304b 1 Adsorb Desorb O ose
Open C ose Open Open C ose Open O ose Cose Open 2
Desorb Adsorb Open O ose Open C ose C ose open close
open Open C ose [0086] As described above, the
refrigeration cycle apparatus 100a according to
Enbodi ment 5 is structured to allow the heat
exchangers 4l1la and 41b for

exatetngd i likc afid orddhumod § f tea t ben towpbdediontipe Heaprbs
exchanger 40 according to Enbodinent s 1 to 3 to

thealadaardiad yatisord sthewmaierFig- al # (#h.t hBatten 2
refrigerated warehouse 400 continuously. This makes

reqne gagsst HHeat otk i e aat exehenggef 468t fAE operation
conventionally frequently perforned to - 56 further

dehuanifbel & Fret wdhue bk ket F o0 f @pSe RS dERRogEFRGPED water,
operation. The evaporating%tenperature of the

ang\Eordr FrhaRgehed Yot FAF gher than the dew poi nt

tenperature to,enapble_.an efficient. o ati on of the
eI oy § /AL L bR bTon ShlSer PRe Char KR CRAsBPbSROWD
. . th
’Jlg%H%ni Pfi%atio

eat, exchangers,  4la and _41b Eor na e verformed
RunPAFHERET oRPFEESRTT BiYel®t BhE
desar hed usj.n he h exhgust heat which is not :
byr%ﬁﬁﬁ%@ﬁpé%%§gc%%€F%g§%hé ?ﬂgi é of the refrigerated

[Odggfhouse 400) of the refrigerant condensed by the
condenser 20, no specific
[Table 2]
Air Air Air Alr
Heat On-off passage passage passage passage
Pattern exchanger valve switching | switching | switching | switching
unit unit unit unit
4la 41b 30 31 301a | 301b | 302a | 302b | 303a | 303b | 304a | 304b
1 Adsorb | Desorb | Close Open Close Open Open Close Open | Close | Close Open
2 Descrb | Adsorb Open Close Open Close | Close QOpen Close Open Open Close
(0086]

As described above, the refrigeration cycle apparatus
100a according to Embodiment 5 is structured to allow the
heat exchangers 4la and 41b for

dehumidification/humidification composed of the heat

exchanger 40 according to Embodiment s 1 to 3 to alternately

adsorb the water in air in the refrigerated warehouse 400
continuously. This makes it possible to eliminate the

defrosting operation conventionally frequently performed to




heati ng device for the desorption is required, and the
space for accommodati on can be saved, so that no

el ectric power is required for heating by the heating
unit. [0088] The refrigeration cycle apparatus 100a
does not require a high pressure in excess of a
critical pressure. That is, the conpressor 10, the
condenser 20 and the refrigerant pipe 1 (including
refrigerant pipes |la and tbPéconnecting those may be
| ow i n pressure-resistant performance, so that

manuf acturing costs can be reduced. The conpression

fuffﬂéf’réﬁ%ﬁ@e%%gfﬁéﬂgfa@&n&ﬂm%@foﬁoﬂ@f?§§@rdé@rﬂgiiﬁg

suppresse us 1 nproving the operation efficiency

op&Xat{16n COMUESSOLndPat idhat chSer SFr6a9tbEhe evaporator 70
significantly 1 nproved and energy saving can be

maPetl eyed. n bther EMBER MENTAEWE P8Ot tEhperdBusbows anable
exenpl ary structure of a refrigeration cycle

an aPPAI Al st 100braccendbpgthe Eabedyaeatibnotythe.
present invention. Descriptions will be given, but not
[odgTjted in particular, to that the refrigeration cycle
apparatus | 00b of the present enbodinent is, for
examie: e i iter ondlsd tioad Nogy syis¢ enedorexchangers 4la and
cool ing/heating operations. In Fig. 18, since the
41mppar adeseside§igattied/hiunhdifiécesden def cpapsgured to be
nunmeral s as those described in Enbodi nents 4 and 5 ,
deperhednushegsthe haentt ilenbauskphgnadt WoAshwils| npé required
omtted. '
for cooling the inside of the refrigerated warehouse 400) of
the refrigerant condensed by the condenser 20, no specific
heating device for the desorption is required, and the space
for accommodation can be saved, so that no electric power is
required for heating by the heating unit.
[0088]
The refrigeration cycle apparatus 100a does not require
a high pressure in excess of a critical pressure. That is,
the compressor 10, the condenser 20 and the refrigerant pipe
1 (including refrigerant pipes la and 1lb) connecting those
may be low in pressure-resistant performance, so that
manufacturing costs can be reduced. The compression ratio
of the refrigerant in the compressor 10 may be suppressed,
thus improving the operation efficiency of the compressor 10.

That is, COP can be significantly improved and energy saving

can be achieved.



[0090] The refrigeration cycle apparatus 100b is

formed by the conpressor 10, the condenser 20, the

first and the second on-off valves 32 and 33 provided

in parallel,” the heat exchangers 41c and 41d for

dehum dification/humdification provided in parallel,

the on-off valves 34 and 35 provided in parallel, the

throttle device 85 (third tggottle device), and the

evapor ator 70, bei ng sequenttallTy connecting with the

refrigerant pipe 1. The refrigeration cycle apparatus

100b is also provided with the heat exchangers 41c (a
EMBEODTHMENTEa exchanger) and 41d (a second heat

exchanger) for dehumdification/humdification that
[oomred the heat exchanger 40 having the fin 45 with the

fine pores forned on the surface. Those two heat

exEhangdss shbwsarth 4kkrfrdrary 58 ructure of a refrigeration

dehum dification/humdification are built into the
cydliedeppanatius skpdy aetyrd{ngld Embediweéntgerait thepe

1 is branched into the refrigerant pipes Ic and id.
preffardr ieeronioif VRéserotiens tibhl bexghdABer P4LcnpPér

dehum dification/humdification, and the on-off valve
linggext el e el @dl ay, t e Foaki bee aﬁ?féigérﬁélonaﬁdctlﬁe

on-of f val ve 33, the heat exchang 41d f
apRfsrAi 9 ¥9 Qat bRk BRF £R At FBRO éﬁathéSonfBFf e¥ampde, an

35 are  conpected by the refr E E.B d, t@ese 1
al%r@n%w?m%dsy%%mn.fO%hfe'OP PRdBrahtbel BReRG A ehe 1T

Fi&ﬁﬁfégeéﬁgéepége apparatuses designated with the same

reference numerals as those described in Embodiments 4 and 5
perform the same functions, explanations will be omitted.
[0090]

The refrigeration cycle apparatus 100b is formed by the
compressor 10, the condenser 20, the first and the second
on-off valves 32 aﬁd 33 provided in parallel, the heat
exchangers 41c and 41d for dehumidification/humidification
provided in paralliel, the on-off valves 34 and 35 provided
in parallel, the throttle device 85 (third throttle device},
and the evaporator 70,being sequentially connecting with the
refrigerant pipe 1. The refrigeration cycle apparatus 100b
is also provided with the heat exchangers 4lc (a first heat
‘exchanger) and 41d (a second heat exchanger) for
dehumidification/humidification that are the heat exchanger
40 having the fin 45 with the fine pores formed on the

surface. Those two heat exchangers 4lc and 41d for



may enploy the refrigerant descri bed above. The
refrigerant pipes is and 1d include a bypass pipe 2
(a first bypass pipe) branched fromthe refrigerant
pi pe I c between the on- off valve 32 and the heat
exchanger 41c for dehumdification/humdification to
join with the refrigerant pipe id between the heat
- exchanger 41d for dehun1d|%|catlon/hun1d|f|cat|on and
the on-off valve 35, and 8ypass pi pe 3 (a second
bypass pi pe) branched fron1the refrigerant pipe 1d
- between the on-off valve 33 and the heat exchanger
detidsh d Of i dehush dhifhcal f ooabushdetechtidoh intpothe wnthor
the refrigerant pipe I c between the heat exchanger 4lc
unforséaehuatdificati on/ hum dification and the on-of f
valve 34. [0092] The bypass pipe 3 includes a
[oadrpttle device 63 (a - 59 first throttle device) and
an on-off valve 36 (a third on- off valve). The b¥ pass
pi fEhe? Tt Lgiesamt tihioe t1 el olevk gecigad {@t@etl@ﬁdre rigerant
throttle device) and an on-off valve 37 (a fourth
pipes ol € watlvé)l. TREtesf EhgepatrPdh wpéNe §épa¢3€u§eP@Ob
i ncludes a tenperature/ humdity detection unit 81 for
ex@lweqern@lt:héoreﬁrsémflQﬁéﬁﬁaWarwuatfldtlﬁéCé\Féﬁalraﬁ&fﬂ the
70 at the inlet side of the_ air pase%%e t her q
Onan?eHﬁéVataﬁeﬁﬁénpapp?cﬁépeéﬂl5ﬁeuﬁ agega e?&ﬁ& .

R L Ay
degeﬁgécfig;f lf:ﬁ.glon I fl %tfll(gzg/tq%rg,dlafnldc%tﬂ orc])natoftth %a(iléztel %IS are
connected by the refrigerant pipe 1d, these are then joined
again. The refrigerant flowing in the refrigerant pipe 1
may employ the refrigerant described above. The refrigerant
pipes 1c and 1d include a bypass pipe 2 (a first bypass
pipe) branched from the refrigerant pipe lc between the on-
off valve 32 and the heat exchanger 41lc for
dehunmidification/humidification to join with the refrigerant
pipe 1d between the heat exchanger 41d for |
dehumidification/humidification and the on-off valve 35, and
a bypass pipe 3 (a second bypass pipe) branched from the
refrigerant pipe 1d between the on-off valve 33 and the heat
exchanger 41d for dehumidification/humidification to join
with the refrigerant pipe lc between the heat exchanger 4lc
for dehumidification/humidifiéation and the on—~off valve 34.
[0092]

The bypass pipe 3 includes a throttle device 63 (a



air passage of the heat exchanger 41c for
dehum dification/humdification, respectively. [0093]
The tenperature/hum dity detection units 81 and 82 may
be of any type so far as the tenperature and the
hum dity are detected and types are not limted in
particular. For exanple, the tenperature sensor such
as the therm stor, thernpn§§e£, hum dity sensor, and
hygroneter may be enployed.” "I n the exanple, the
apparatus enploys a single unit of the
tenperature/hum dity detection units 81 and 82,
firséspecbittdley deviowsvemd @ural-afif teaingy be emptloyed on-
wi thout being limted to the above. The
of ft empecat.ur §hruiivtiass detmeetd omahide 22 nelyr ot be spevege 64
at the outlet sides of the respective air passages of
(a skeoheatt haadtdreyatey idde) sl 4 gwroffegalve 37 (a fourth
dehum di fication/humdification. [0094] The
on—odffr ivgdivat)i-on T | appaa iconomrcle pparaedswiPRb a
~control unit 80a which controls a drjve frequenc¥ of
inclmele sc gnpfreagsdia tix e dpEm St vrde Hechhenf vy hl §6st83 to
37, and opening of the throttle devices 63, 64, and
detesit iTie TGHE TP R s AP ESY bberavagerpFor 70 at

en Ul A0S 4\ passagen. cnob Lt de 8
e RREBEER AL ch P ECoBE SRS 20 pRdproanst on
e %, SOTMARA O S0 £LELLE OBhL. PXPAPSLERYRLNS 2AL
temperature/humidity of the heat exchangers 41c and 41d for
dehumidification/hunidification at the outlet side of the
ailr passage of the heat exchanger 4lc for
dehumidification/humidification, respectively.
[0093]

The temperature/humidity detection units 81 and 82 may
be of any type so far as the temperature and the humidity
are detected and types are not limited in particular. For
example, the temperature sensor such as the thermistor,
thermometer, humidity sensor, and hygrometer may be employed.
In the example, the apparatus employs a single unit of the
temperature/humidity detection units 81 and 82, respectively,
however, plural units may be employed without being limited
to the above. The temperature/humidity detection unit 82
may be disposed at the outlet sides of the respective air

passages of the heat exchangers 4lc and 41d for



like. (0095] 1In addition to controlling each
apparatus, the control wunit 80a cal cul ates the
relative humdity of the heat exchanger 4lc for
dehum dification/humdification at the outlet side of
the air passage based on the signal which contains
data fromthe tenperature/hum dity detection unit 82
to convert the calculated relative humdity into the
dew point (dew point tempef@ture). The control unit
80 also controls the relative humdity in the
evaporator 70 based on the information fromthe
dehhﬁqgg@yaggydﬂﬁﬁdﬂﬂdiﬂygggﬁdﬁylunit 81 to convert and
the calculated relative humdity into the dew point
[ookdgw poi nt tenperature). \Wen the
desorption/adsorption function is switched between the

heet,c6tcrexchangebsn 4lelandppbdattas 100b is provided with
dehum dification/humdification, the control unit 80a

a coaltadiates tt g aelatdly ecdnngalig ya afr e fiwpiency of the
exchanger 41d for dehum dification/humdification at

coripte saudr eto siameming hef ailte passafe Yol teomvdt tte he/, and
calculated relative humdity into the dew point

operdew pof rthe erpertt e ejevidea9 s}, F4.and ShowsThe on-off
structure of an indoor unit 300a where the evaporator

vald®esariP the BVkerarepbupfed forTheibasing §heudidve RFSsages,
the indoor unit 300a will be described based on, Fig

notldimGderd i gr i anePeFi FiGet JPeen To° dFEFeteheedeTiont s ©4

i ndoor unit 300 shown in Fig. 14. In Fig. 19, .a par&
ang)f8% jpre generally composed of the deco réssion’ an

expansion valves to decompress and expand the refrigerant,
and may be composed of an electronic expansion valve and the
like.

[0025]

In addition to controlling each apparatus, the control
unit 80a calculates the relative humidity of the heat
exchanger 41c for dehumidification/humidification at the
outlet side of the air passage based.on the signal which
contains data from the temperature/humidity detection unit
82 to convert the calculated relative humidity into the dew
point (dew-point temperature). The controlrunit 80 also
controls the relative humidity in the evaporator 70 based on
the information from the temperature/humidity detection unit
81 to convert and the calculated relative humidity into the

dew point (dew-point temperature). When the

desorption/adsorption function is switched between the heat




i ndoor unit 300a is disposed inside (air-conditioned
space) 401 of the room and the rest is disposed at
the side of the external air 500. In the indoor unit
300a, the heat exchangers 41c and 41d for

dehum dification/humdification and the evaporator 70
shown in Fig. 18 are built-in. [0097] The indoor unit
300a is structured to discopnnect the air passage

bet ween t he heat exchangefs6 1c and 41d for

dehum dification/hum dification. The indoor unit 300a
is allowed to switch the air passage to conmuni cate

excdrhgdaal 41exchangers #de @stdurdddi fpcation/humidification,
dehum dification/humdification wth the interior 401
theardrithe exirerthad 0ai da 50l afde tisei tehahjvef hthédaky of the
passage may be perforned by air passage sw tching
heatNid:s-Hkikpe mngll 1fdy, SdRan pdidf 8¢2bicB1Bamaddfscablon at
62 and 314a and 314b, respectively. The fine
theadjutstarerdidd ¢hethaizipassagageajobeopertsr iog bplcwdated
air passage adjustnent units 315a and 315b. [0098]
relBteiwd rhimbdity iheoi ileodeuninoizolald@wippent temperature).
described. Fig. 19 shows that the air passage
[0G&3@ )k ching units 311a, 312b, 313b and 314a are opened,
and the air passage switching units 311b, 3]12a 813a
andizn4d Ardheiose S LIt af oPBnEREPSRetn it P08 Where

the air passage switching units, _t bui lt-in space
thqﬁeY¢@ph£5@re ghéﬁaephglgiggrare buqit—ln. The’ BAc

stéﬁé&ﬁggié%cgﬁgogéggg}dhgggagbgg %ﬁlﬁoggy@éggf% égtb sed on
Fig. 19. Descriptions will be given tc differences from the
indoor unit 300 shown in Fig. 14. 1In Fig. 19, a part of the
indoor unit 300a is disposed inside (air-conditioned space)
401 of the room, and the rest is disposed at the side of the
external air 500. In the.indoor unit 300a, the heat
exchangers 4lc and 41d for dehumidification/humidification
and the evaporator 70 shown in Fig. 18 are built-in.
foca] |

The indoor unit 300a is structured to disconnect the
air passage between the heat exchangers 4lc and 41d for
dehumidification/humidification. The indoor unit 300a is
allowed to switch the air passage to communicate the heat
exchangers 4lc and 41d for dehumidification/humidification
with the interior 401 and the external air 500. The
switching of the air passage may be performed by air passage

switching units 31la and 311b, 312a and 312b, 313a and 313b,



external air 500 to allowthe air to flow from outside
(arrow A). The built-in space of the heat exchanger
41d for dehumdification/humdificationis

communi cated with the interior 401 via the duct 310
to allow the air (for exanple, tenperature 26[C] and
relative humdity 60[%4) to flowin (arrow B).. [0099]
When the air passages are formed as described above,

t he heat exchanger 41c for 62 -

dehum dification/humdification perfornms the
desorption, and the heat exchanger 41d for
| dj {4 et on/ punh dif{6ai{on PRET OXAB L8fustment of the
ancgil;ﬂ;gpﬁ%%.ﬂTkﬁere%% t he he%t exchanger 412 for |
'19?%%@ v 68y 198/ hupEdihbgaby 0Bner aeespesshgt eatjhethent
ala d t%% é@?%oraf%r 70 procegses sensi%le hgat
uniSepaspd £l ng 631 speanwhi | e, when the open-cl ose states

of the respective air passage switching units are
[odgwerted, the heat exchanger 41c for

dehum di fication/humdification perforns adsorption,

and'hd he hemtowxiabargeriddsbf otnit 300a will be described.

hum dification/hum dification perforns desorption.
Fig 010D 1shdivg. tRAtI shanaéxppanatgeyswitwhdhgwingtehélla,

state where the air passage of the indoor unit 300a
313ls, sii3kchaud 3RééearengpeoeBi gangdOtha part PaAS8HCt he

indoor unit 300a is _disposed in the interior 401, and
switehiegtunstdi pdbed3aa,t Rd3si aadoBliRe &Rt 61-AFRDaj r IN

500. Fig. 20(a) shows that the , . .
the aforementioned state of the air passage switching units,
the built-in space of the heat exchanger 41lc for
dehumidification/humidification is communicated with the
external air 500 to allow the air to flow from outside
(arrow A). The built-in space of the heat exchanger 41d for
dehumidification/humidification is communicated with the
interior 401 via the duct 310 to allow the air {(for example,
temperature 26[°C] and relative humidity 60{%]) to flow in
(arrow B).
[0099]

When the air passages are formed as described above,

the heat exchanger 4lc for dehumidification/humidification
performs the desorption, and the heat exchanger 41d for

dehumidification/humidification performs the adsorption.

Thereby, the heat exchanger 4ld for |

dehumidification/humidification processes latent heat, and

the evaporator 70 processes sensible heat separately.




air passage switching units 31l1la, 312b, 313b and 314a
are closed, and the air passage switching units 311b,
312a, 313a and 314b are closed. [01011 Referring to
Fig. 20(a), the built-in space of the heat exchanger
41d for dehum dification/humdification is
communi cated with the external air 500 to allowthe
external air to flowin (%rrOM/CD The built-in space
of the heat exchanger 4Ic
dehunidificatlon/hun1d|f|cat|on IS comunicated with
the interior 401 via the duct 310 to allow the air to
MeadWoW é N lassi ovh®) opdh-thbset stRtethefheat rexpkamnder air
41d for dehum dification/humdification desorbs
pass@derswanchihe heatsexebangeerdad,f ahe heat exchanger 4lc
dehum di fication/humdification adsorbs the water, -
for 6dehwespeticabiyn/Fugid266bptshowpetriie reaanadas ratdton,s and
shown in Fig. 19, so that the explanation will be
the omeat eexch@igelr 41d fhe bameditiéce ttibe/hefridjdriaEtgen
cycle apparatus 100b is applied to an
per&p¥mgoddieFphing - apparatus such as the room
air-conditioner and all-in-one air conditioning system
[O14¥th the condition of the external air 500 being kept
at the dry-bulb tenperature 30 [C], the relative
hdifﬁ% t30 605 [38 , eXhen? Fer db¥beyt ENAWAPE| t)e16ta4e where

[gl , the control unit 80a ,shquld contral the
ther%%ﬁeE%ﬁ%gspagr5Pssé§d98roﬁél.l§t I"f‘elsréf‘"ﬁtéé} i on

Refg Eﬁﬁgaggar?g9s %902 %ggklon o%t% nln%d%or unit 300a is
disposed in the interior 401, and the rest is disposed at
the side of the external air 500. Fig. 20({a) shows that the
air passage switching units 31la, 312b, 313b and 3l4a are
closed, and the air passage switching units 311b, 312a, 313a
and 314b are closed.

[0101]

‘Referring to Fig. 20(a), the built-in space of the heat
exchanger 41d for dehumidification/humidification is
communicated with the external air 500 to allow the external
air to flow in (arrow C). The built-in space of the heat
exchanger 4lc for dehumidification/humidification is
communicated with the interior 40l via the duct 310 to allow
the air to flow in (arrow D). At this time, the heat
exchanger 41d for dehumidification/humidification desorbs
water, and the heat exchanger 41c for

dehumidification/humidification adsorbs the water,



continuing the interior 401 (air-conditioned space)
under conditions of the dry-bulb tenperature 26 [(
the relative humdity 60 [, and the absolute
hum dity 8.74 [g/kg]. [0103] Fig. 21 is a P-h diagram
(Mol lier diagram which represents the refrigerant
state in the refrigeration cycle. The refrigerant
state in the refrigeration %%cle will be described
based on Fig. 21. Referring™t'o Fig. 21, it is
configured to be able to understand that the
refrigerant is gaseous in the states (1) and (7). The
res@idt DeeBpt i Big0 20ke) gaseWsquhd bumephasehatatie shown in
the states (2), (4), (5 and (6). The refrigerant is
Fidi quefised thathehst ekpléBatioh0tdd]l Bheowmpekeati.on of
the refrigeration cycle apparatus 100b - 65 wll be
[OD@&Lrri bed based on Figs. 18 and 21. Descriptions wll
be given on the operation of the refrigeration cycle
appar aths d09b wiherne t tlee one Bf i gend 308 2cYQhe appP35ahv e
opened, the on-off valves 33, 37 and 36 are cl osed
10@hel heapplésdhangar 2ig- fopditioning apparatus such as the

dehum di fication/humdification is operated as the
rogreat i exenaAdEionsr geSorpLirdn; OBRd 2 Re CRBLH tLERIRENGES TR

41d for dehun1d|f|catlon/hun1d|f|cat| oper at ed
wigh Fhe ﬁ@ﬁ@lékeﬁaﬁﬁef‘: ﬁoﬁX§&§aﬁp}t PO, P@lgﬂm% Pt at the

o BERPLS AP o A0, P B ST R ot 1
and thegabsolute humidity 16.04 [g/kg], the control unit 80a
should control the respective apparatuses to operate the
refrigeration cycle apparatus 100b while maintaining and
continuing the interior 401 (air-conditioned space) under
conditions of the dry-bulb temperature 26 [°C], the relative
humidity 60 [%], and the absolute humidity 8.74 [g/kg].
[0103]

Fig. 21 is a P-h diagram (Mollier diagram) which
represents the refrigerant state in the refrigeration cycle.
The refrigerant state in the refrigeration cycle will be
described based on Fig. 21. Referring to Fig. 21, it is

configured to be able to understand that the refrigerant is

gaseous in the states (1) and (7). The refrigerant is in
the gas-liquid two-phase state in the states (2), (4), (5)
and (6). The refrigerant is liquefied in the state (3).
[0104]

The operation of the refrigeration cycle apparatus 100b




21) flows into the condenser 20. The refrigerant in

the aforenentioned state turns into the gas-liquid

t wo- phase state (state (2) shown in Fig. 21) while

partially releasing the heat to the external air by

t he condenser 20. The high pressure gas-liquid

t wo- phase refrigerant flows into the heat exchanger

41c for dehum dification/hunddification. The

gas-liquid two-phase reffidg%ant flow ng into the heat

exchanger 41c for dehum dification/humdification

increases the tenperatures of the fin 45 and the
wilanbkeAksairfivkd badwee ont i gsel dt8 \werch @i di thesdhiagrteloyn s

the water adsorbed in the fin 45 is desorbed. The
wildabel gqwiet bwotpRaseearefiriicgercentthe weBrigrmatien cycle

liquefied refrigerant (state (3) shown in Fig. 21).
appb@3@6k G60LThécal alement-adifedrales i Jor abd dndwsd are

t hrough the on-off valve 36 to be deconpressed by the
opetlrot tthe dewvicds 6&1vE®R 3decbhmuebstel a%f refesempt the heat

turns into the | ow pressure gas- |iquid two-phase
exchatge r( dtlat & (4 )deghovire§ il g3 tgl orpAhummd bf L cahpoR j $ 8¢

evaporating tenperature). Then the gas-|iquid
opemad-ashase thef Miqpdr srtCHanut i i 490 FRblORxchAfgEhe heat

41d for dehumdification/humdificatiop.to_lLower the
ex homsErat b aH AHEIG R YR P (NS DF EREEAPE WPt b

the first evaporatin tenperature lower.than the air
0P%ﬁﬁ$ﬁ§ﬂﬁﬁuﬁ?%§h§%ﬁ§%? 'ﬂ@gg efé%r%%ﬁ%ﬁ?£*ﬂ3'gas-liquid

t wo- phase refrigerant flowng into the heat exchanger

OO for

The gaseous refrigerant of high temperature/pressure
compressed by the compressor lOr(the state (1) shown in Fig.
21) flows into the condenser 20. The refrigerant in the
aforementioned state turns into the gas-liquid two-phase
state (state (2) shown in Fig. 21) while partially releasing
the heat to the external air by the condenser 20. The high
pressure gas-liquid two-phase refrigerant flows into the
heat exchanger 4lc for dehumidification/humidification. The
gas-liquid two-phase refrigerant flowing into the heat
exchanger 4lc for dehumidification/humidification increases
the temperatures of the fin 45.and the ambient air to reduce
the relative humidity. Thereby, the water adsorbed in the
fin 45 is desorbed. The gas-liquid two-phase refrigerant
turns into the liquefied refrigerant (state (3) shown in Fig.
21).

-[0106]




dehum dification/hum dification partially evaporates
to turn into the | ow pressure gas-liquid two-phase
refrigerant (state (5) shown in Fig. 21). The
gas-liquid tw-phase refrigerant is further
deconpressed by the throttle device 85 to be a second
evaporating tenperature (state (6) shown. in Fig.

21), then flows into the evaporator 70 to turn into a
| ow pressure gaseous refrrgé aint by absorbing the
sensible heat of the air through the heat exchange
(state (7) showmn in Fig. 21). The gaseous refrigerant

| S THIEC e ravn e o E5SiI0fe rkh A GBI dWd CHotdigH atlee idh-off
the refrigerant circuit. [0107] The refrigeration

valeyc |36 appasat dscditiPbe s Segtbycthie eehtottdé | Qywibe 63. The
refrigerant which has passed through one of the heat

detdragesd fofr dehvaneli fucas i ontbuthei towapronsiheayas~
67 exchanger 41c for dehum dification/hum dification)

liguid [tovo-phidoe t beabs hestheat (éxchaogerifoFig. 21, here,
dehum di fication/humdification (heat exchanger 41d

the diirsiehemaplh fa tatg onéhparaifirent i ofleni bha pgpassquid
pi pe (bypass pipe 3). As a result, the heat exchanger

tworpHage dvefwhderéntallows himtdi theahetah erchanear| ¢ld for
desorbs the water using the heat of the refrigerant

delniid el cat i eofdensadt fbrathpd tpelovaer theateBRerahygees of
41 for dehumdification/humdification efficiently |,

Eheydsigi b4° taec WatepbspAf #hE YiehR bRet RArfbf FYEBPEAELNY
related to. evaporation to.enha

ce .
te%%lzﬁ‘m%n%%%rw%ntbsr%Fnaﬂgeeahance the adsorbing

performance. The gas-liquid two-phase refrigerant flowing
into the heat exchanger 41d for
dehumidification/humidification partially evaporates to turn
into the low pressure gas-liquid two-phase refrigerant
(state (5) shown in Fig. 21). The gas-liquid two-phase
refrigerant is further decompressed by thé throttle device
85 to be a second evaporating temperature (state (6) shown
in Fig. 21), then flows into the evaporator 70 to turn into
a low pressure gaseous refrigerant by absorbing the sensible
heat of the air through the heat exchange fstate (7) shown
in Fig. 21). The gaseous refrigerant is sucked by the
compressor 10 again to circulate in the refrigerant circuit.
[0107]

The refrigeration cycle apparatus 100b is structured to
allow the refrigerant which has passed through one of the

heat exchangers for dehumidification/humidification (heat




i mprove the performance of the refrigeration cycle
apparatus. (0108) Fig. 22 is a psychronetric diagram
for explaining the operation of the heat exchanger
41d for dehumidification/humdification of the
refrigeration cycle apparatus 100b. The operation of
t he above-nentioned refrigeration cycle apparatus

100b will be descri bed refe%ring to the psychronetric
di agram and t he structuré Shown in Fig. 19. Referring

to Figs. 19 and 22, for the air passing through the
heat exchanger 41d for

excHghyadigf bc@bironkhun diiffii eattiien /Comdiifdatd nig i the tHew
interior 401, the state (1) shown in Fig. 22

intéephesemhsrt heatskabhadlyeal rEdref ore passi ng through

t he heat exchanger 41d for
dehdahdtifdichic¢ abhi/ i diiifdidatdati ofheatt Fsgiwinger 21d howih

in - 68 Fig. 22 represents the state of air
dehimmmrddifatcealy oaf/hemi diddsiatg air otigh & Heyreess riehaliepass

41d for dehumdification/humdification, and the
pippoBit. (3)s showsult, Rihg MERT grdsader the Sate of

air innediateby after the heat exchange with the
dehemagdtatcat ipo/ Huadeh]f i chicl @p e B I BYEIFLY e freelhs the

exchanger 41d for dehumdification/humdification
watghedsddsothiend adte afattdre diefaigerant et Tatedi by 401

w Il be described. The air_in the state é#) IS the

r

congdepsgiL e miet ahf @ Grend 93y SHPINEET rof afPle

. 0 L™ .
deg$£y&¥gféé%%gn h&%?ﬁkgfggégénIgf%yéfeg%f§eaég8¥gs the

water using the heat of the refrigerant related to
evaporation to enhance adsorption/desorption performance and
improve the performance of the refrigeration cycle abparatus.
[0108]

Fig. 22 is a psychrometric diagram for explaining the
operation of the heat exchanger 41d for
dehumidification/humidification of the refrigeration cycle
apparatus 100b. The operation of the above-mentioned
refrigeration cycle apparatus 100b will be described
referring to the psychrometric diagram and the structure
shown in Fig. 19.. Referring to Figs. 19 and 22, for the air
passing through the heat exchanger 41d for
dehumidification/humidification communicating with the
interior 401, the state (1) shown in Fig. 22 represents the
state of air before passing through the heat exchanger 41d

for dehumidification/humidification , the point (2) shown in



into the heat exchanger 41d for
dehum dification/humdification, the air is subjected
to isothermal or cooling adsorption in the heat
exchanger 41d to turn into the state (2) to flowinto
the evaporator 70. Sane the anpunt of water which can
be adsorbed by the heat exchanger 41b for
dehum dification/humdification is increased in the
region of the relative hunlé@ty of 30% or higher, the
air inthe state (1) can be dehumdified. [0110] The
air in the state (2) is subjected to heat exchange by
Fid herveporeiontI0che stibei ofoal beimmediatehe atfaee
(3). The air inthe state (2) is cooled with only the
pasensg btieroheiat thei hgat eepyrdngeradtdngbant absol ute
hum dity by the evaporator 70 to turn into the state
defid)iahet eathensfelmaidvEicaBonhuandi thei poliower( 3t hahpown in
100 [9 and the dry-bulb tenperature is 14 [C]. The
Fi@ir22 nrépeesente tBy statapplfi edrt omphdiatelyr pdteq40the
[0111] The control unit 80a controls the opening of
hegheexthenge| ¢itbvibesesdrandt8s, 7Ohe drive frequency
of the conpressor 10, and the rotating speed of the
[0b®%her 91, and adjusts the first evapor ati ng

qﬁ%rature to be equal to or i gher than the dew
p0| e(@ﬁfe%@q@ﬁ e%%nw%n%%@vrr%mha&ger[é}ﬁi 5Pt he

the heat h 41d
GeHBhET BLPRELPRSRRRAALGHEFEACTOR T Th @ISO (e water of

aigofﬁ tke interior 401 will be described. The air in the

state (1) is the dry-bulb temperature of 26 [°C] and the
relative humidity 60 [%] when the air in this state flows
into the heat exchanger 41d for
dehumidification/humidification, the air is subjected to
isothermal or cooling adsorption in the heat exchanger 41d
to turn into the state (2) to flow inte the evaporator 70,
Same the amount of water which can be adsorbed by the heat
exchanger 41b for dehumidification/humidification is
increased in the region of the relative humidity of 30% or
higher, the air in the state (1) can be dehumidified.
[0110]

The air in the state (2) is subjected tQ heat exchange
by the evaporator 70 to turn into the air in the state (3).
The air in the state (2) is cooled with only the sensible
heat being removed at a constant absolute humidity by the

evaporator 70 to turn into the state (3) where the relative




the second evaporating tenperature to be equal to or
hi gher than the dew point (in the present enbodi nent,
14 [C]) of air at the outlet of the heat exchanger
41d for dehumdification/humdification. The contro
unit 80a converts the data of tenperature and
hum dity detected by the tenperature/ humdity
detection units 81 and 82 into the dew point. Fig. 22
shows the first evaporatlnéwkenperature of 18 [(C
and the second evaporating tenperature of 14 [(
[0112] The anobunt of water is limted which can be
hunbddsovbed bywethenheatoexchangad 4hé befy-bulb temperature
dehum dification/humdification functioning as a heat
is adsofptionTeschangen. tWhesthtel 3 )datsersmippad echato tiee

relative humdity in the evaporator 70 - 70 becones
integiak #0lor higher than a predeterm ned threshold

val ue based on the data detected by the
[Oltepperature/ hum dity detection unit 81, the contro

unit 80a switches on-off valves 32, 36 and 35 from

t lheperntool hentto8ed stmteplantheoppehfingabfeshds,

37 and 34 fromthe closed to the open state to change
threhtleedevgerant3f ko, 8A/ hitdle drémserfaamensiessurtde

gaseous refrigerant is fed into the heat exchanger
commas'p‘@r dehuandi theatirSArAnM drreshidforrhi%o bhwﬁrea%le and

he tenperatures of the fin 45 and the anblent air

adJFéFSdE§8r§tlF§ﬁ &N@PPEptdageticgpeyadig to be equal to or

higher than the dew point (in the present embodiment, 18
[°C]) of the intake air in the heat exchanger 41d for
dehumidification/humidification. The control unit controls
the second evaporating temperature to be equal to or higher
than the dew point (in the present embodiment, 14 [°C]) of
air at the outlet of the heat exchanger 41d for
dehumidification/humidification. The control unit 80a
converts the data of temperature and humidity detected by
the temperature/humidity detection units 81 and 82 into the
dew point. Fig. 22 shows the first evaporating temperature
of 18 [°C], and the second evaporating temperature of 14
[°ci.
[0112]

The amount of water is limited which can be adsorbed by
the heat exchanger 41d fof dehumidification/humidification
functioning as a heat adsorption exchanger. When it is

determined that the relative humidity in the evaporator 70



Since the refrigerant flow passage is switched, the
heat exchanger 41c for dehum dification/humdification
is operated as an adsorption heat exchanger. In the
heat exchanger 41c for

dehum dification/humdification, the water contained
in the air is adsorbed. The refrigeration cycle
apparatus 100b, alternately sw tches heat exchangers
according to the water adsofBtion amount such that
when one of the heat exchangers for

dehum di fication/humdification (heat exchanger 41d

beﬁaﬂééﬂgﬁﬁﬁfﬁgé(6¥iéggﬂ%&“@ﬂéﬂC§I¢@@aetérmﬂﬂé@rbﬁré@ﬁold

wat er he ot her exchanger
vaﬂ%ﬁ“ﬂﬂé@d'dﬁ“ﬁﬁgviﬁﬁﬁCﬁété@%é@ﬂbﬁhﬁﬁé ex@pangelrdibumidity
for dehum dification/humdification) desorbs the
detaitelon Theimigl, i thd heohtt €l i @fii 4080aBywbeches on-off
conti nuously dehuni di fi ed (latent heat may be
valveyVverl) 1y s tThi figo hehai sppassagese €ldded §0At4] and
The external air for exanple, the dry-bulb tenperature
on-3X f Glalargk t3®, r&f adnae3hufitoint yhé0clégedi Sostpel opdn
from the external air 500 side to the heat exchanger
stadlke forchaedrinili f refit igarduni 8iéweat Rohiph t he bl ower
90. The heat exchanger 41c for
tengetnati Wi ¢/ mee s ont hupa sednsarebnidesanbsist hedadsbphéae
wat er. Then, the absolute humdit I ncreased
heathrexgjandrr dbker heT onchunids ﬁéCaP}éFOPéhHﬁééhéﬁﬁéBlOFo to
~ the external air 500 again. The air
ingreasrr sl tﬁéﬁ?@ramm%e@f the éégofléean%aFEP AEpigat air

used for  humdificati In this way, the | atent heat
fo?ﬁSE%Q;P%h%Q eynd repro uctlon ,
[0113]

Since the refrigerant flow passage is switched, the
heat exchanger 4lc for dehumidification/humidification is
operated as an adsorption heat exchanger. In the heat
exchanger 41c for dehumidification/humidification, the water
contained in the air is adsorbed. The refrigeration cycle
apparatus 100b, alternately switches heat exchangers
according to the water adsorption amount such that when one
of the heat exchangers for dehumidification/humidification
(heat exchanger 41d for dehumidification/humidification) is
adsorbs the water, the other heat exchanger for
| dehumidification/humidification (heat exchanger 41c for
dehumidification/humidification) desorbs the water. The air
in the interior 401 may be continuously dehumidified {latent

heat may be removed) by switching the air passages.



by the heat exchangers 41c, 41d for

~dehum di fication/humdification, and the sensible heat

may be renoved by the evaporator 70. The exhaust heat

generated by condensation in the condenser 20 may be

used for desorbing the adsorbed water,

air-conditioning and refrigerating performance is

significantly inproved. ﬁ& Table 3 shows contro

states of the on-off valves=32 to 37 and functions of

the heat exchangers 4l1c, 41d for

dehum dification/humdification. Referring to Table 3,
[011he pattern 1 shows that the heat exchanger 41d for

dehum dification/ hum dification adsorbs the water, and

t Mthe heatermahaniper fdicetanple, the dry-bulb temperature

dehum dification/humdification desorbs the adsorbed
32 pACerams shewnelatkivg. hE8(BityThén,[%],72s shppddedf ffrom

val ves 32, 36 and 35 are opened, and the on-off
thevakivesns3, a7 &AQ 84ddar §ockbselieaThexshergey Alshdwg

that the heat exchanger 41d for
dehwehahf dratéany bumhditdichtéan by tdesblpyerhdladsdivedeat

wat er, and the heat exchanger 4lc for
exc@éﬁ@iﬁfdﬂﬂﬁcﬁPFoﬁﬁhuﬁrlérlffrlé:aﬁl@ﬁ /By5eBE iord 1Rgy sespgbs

in Flg 20( aL Then, the on-off valves 33, 37
theaﬁﬁsgﬁbﬁﬁewa B&nedThgRd tHE éPSSFPt@am%&§QE§Y'§@ and

(o228 Fhosedy cERTHERIOUS 00eT Ao TR S PO
to ngbegteLnal air 500 again. The air is merely discharged
here, however, the desorbed water may be used for
humidification. In this way, the latent heat may be removed
by the heat exchangers 41c, 41d for
dehumidification/humidification, and the sensible heat may
be removed by the evaporator 70. The exhaust heat generated
by condensation in the condenser 20 may be used for
desorbing the adsorbed water, air-conditioning and
refrigerating performance is significantly improved.
[0115]

Table 3 shows control states of the on-off valves 32 to
- 37 and functions of the heat exchangers 4lc, 41d for
dehumidification/humidification. Referring to Table 3, the
pattern 1 shows that the heat exchanger 41d for
dehumidification/humidification adsorbs the water, and the

heat exchanger 4lc for dehumidification/humidification

desorbs the adsorbed water as shown in Fig. 20(b). Then,



Heat Exchanger On-off On-off On-off Pattern valve

val ve valve 4l1c 41d 32 33 36 37 34 35 1 Desorption
Adsorption Open C ose Open Cose Cose Open 2

Adsor ption Desorption Cose Open C ose Open Open O ose
[0117] When either of the heat exchangers 41c and 41d
for dehumdification/humdification desorbs the
water, the refrigerant is condensed therein. Wen
adsorbing the water, the refi2igerant is evaporated.
Functions of the heat exchangers 41c and 41d for
dehum dification/humdification may be sw tched by

thé”%%r8# '99198?”??9 8k gﬂ&h39”a9éfo¥85¥8 LQaSPhECBn-off

the refrigeran Ow and conti nuous operatlon I'S

vaPPSSi §5€ ¥hi Lg Sﬁht%P%”ElévﬁerptTH@ ﬁﬁ@t@%ﬁOQP%h@&s that

73 - alternate he air-conditioned

thSPRELL | 8xéhah @rdﬁdeﬁb? dEﬁﬂH@H@EHEﬁtQBn?ﬁuEghlﬁﬂ@at1on
the relative hum dity of %, and the external air

desSrivs the dayobykh ha&aerabﬁaetaé B2atl Ckcandgbhesic for
relative humdity of 60 f@ﬂ, t he conventi ona

defehidgeiaht 0bnghahedappanatiys k8sUebd theaditst tREshown
bal ance of the condenser 20 at the condensation
inteigyer avyae. of TAbAYt thé7ohChrandat resedaporat and/B4atre
the evaporating tenperature of about 11 [C] to
opgmegdessntiothet he-séfisvhlleekedt, ( G60knag 3 Soperatiloskd.
and the |l atent heat (dehum difying operation) of
Continuous operations may be performed by alternately

switching the patterns 1 and 2.

[0116]

[Table 3]

, Heat Exch On-off On-off on-off

Pattern ea xenanger valve valve valve

lc 41d 32 33 36 37 34 35

1 Desorption | Adsorption | Open | Clese | Open | Close | Close | Open
2 Adsorption | Desorption | Cleose | Open | Close | Open | Open | Close

[0117]

When either of the heat exchangers 4lc and 41d for

dehumidification/humidification desorbs the water,
refrigerant is condensed therein.

the refrigerant is evaporated.

the

When adsorbing the water,

Functions of the heét

exchangers 41lc and 41d for dehumidification/humidification

may be switched by controlling opening of each on-off valve

to switch the refrigerant flow and continuous operaticn is

possible while switching adsorption and desorption




the air-conditioned space sinultaneously. Such a

refrigeration cycle apparatus requires the evaporating

tenperature to be set low, so that the operation

efficiency is poor. [0119] The refrigeration cycle

apparatus 100b allows the sensible heat processing

(cooling operation) and the |atent heat processing

(dehum di fyi ng operation) in the air- conditioned

space to be conducted separately. The evaporator 70

Is operated only for processing the sensible heat, so

that the evaporating tenperature can be set high. The
altevapaerdti.ng tenperature conventionally set at 11 [ (]

may be increased to be as high as approxinmately 14
(C1L€)]. As a result, the refrigerant cycle efficiency

may be largely 74 - inproved. [0120] As shown in Fig.

1Zih¢hethevaporadndjtienpdr apace s apr dper Hrgrdah 1o

the COP. In Enbodi ment 4, when the evaporating
tempenpéhaeurd 26 1fCCand hdeCoR liat iapproxiiditte) yof BA (31,

(A) in the drawi ng). Wien the evaporating tenperature
andj §heneréasedlt @114 isCht tthe G-k lindregsathtupre of 32

,.approximately 3.3 (shown as the point (B) in the

UClr alidnghe redativer bagd did« o éﬁhp[c%r]atiﬁig?t@m@fdlmreal

by 3 [Cl. may inprove the COP by approximtely 14%
refF%ggiﬁtlon cycle apparatus is used to adjust "the balance

of the condenser 20 at the condensation temperature of about
47 [°C] and the evaporator 70 at the evaporating temperature
of about 11 [°C] to process both the sensible heat (cooling
operation} and the latent heat (dehumidifying operation) of
the air-conditioned space simultaneously. Such a
refrigeration cycle apparatus requires the evaporating
temperature to be set low, so that the operation efficiency
is poor.

{0119])

The refrigeration cycle apparatus 100b allcws the
‘sensible heat processing {cooling operation) and the latent
heat processing (dehumidifying operation) in the air-
conditioned space to be conducted separately. The
evaporator 70 is operated only for processing the sensible
heat, so that the evaporating temperature can be set high.
The evaporating temperature cdnventionally set at 11 [°C]
may be increased to be as high as approximately 14 [°C]. As

a result, the refrigerant cycle efficiency may be largely




Li kewi se Enbodi nent 5, the refrigeration cycle
appar atus 100b according to Enbodinent 6 is not
required to conduct defrosting, and allows the
evaporating tenperature of the evaporator 70 to be
set high. In the present enbodinent, since the
refrigerant of the first evaporating tenperature
| ower than the air is nade to |lower the tenperature
of the fins 45 of the heat é&changer 4l1c or 41d for
dehum dification/humdification on the side of
adsorbing the water and the anbient air to increase
.. the relative humdity so as to pronote the water
HEE$SGtption, it is possible to realize a higher
(01 f ormance operation. EXAMPLE 7 [0122] - 75 Fig. 23
s dbs an exenplary structure of a refrigeration cycle
apRar ahUsnl QQC BGEoMdi NG He FtidEitg A @ipéfecure is
présent 1nvention. The refrigeration cycle apparatus
pr%g§¥f%&ﬁa%h@0p{ﬁée@épgnbpgigﬁ@@diﬁeﬂescribpépaSbefor
anple, but not limted to, the air conditioning

cvSYSEEM AT ref@OLA PGB 1Y OPET At thesCOReler appgokdmately
1g. 23, since what is designated with the sane

3.1 ef efgncennuRBr @k swasgl hoskhedeshei bedpbraEnbgditempesature
4, 5 and 6 have the sane functions, explanations wll
isbenentited. t601231°CThethef €0Berat ionrepskd #Ppirat us
100c is forned by sequentially connecting the .
appﬂﬁﬁ[ﬁﬁﬁ@lylGFBthehowndeﬁsehEZQpint (B) in the drawing).
The increase in the evaporating temperature by 3 [°C] may
improve the COP by approximately 14%.
[0121}

Likewise Embodiment 5, the refrigeration cycle
apparatus 100b according to Embodiment 6 is not reguired to
conduct defrosting, and allows the evaporating temperature
of the evaporator 70 to be set high. In the present
embodiment, since the refrigerant of the first evaporating
temperature lower than the air is made to lower the
température of the fins 45 of the heat exchanger 4lc or 4l1d
for-dehumidification/humidification on the side of adsorbing
the water and the ambient air to increase the relative

humidity so as to promote the water adsorption, it is

possible to realize a higher performance operation.

EXAMPLE 7

[0122]



the on-off valve 32 as the first on-off valve and the
on-off valve 33 as the second on-off valve that are
provided in parallel, the heat exchangers 4le and 41f
for dehumdification/humdification provided in
parallel, three- way valves 38 and 39 provided in
parallel, the on-off valves 34 and 35 provided in
parallel, throttle device 825 and evaporator 70 with
the refrigerant pipe 1. Heré;” the refrigeration cycle
apparatus 100c is also provided with the heat
exchanger O e (a first heat exchanger) for
delur.dizf3 edvan/dHingindg ety etk dihe dfad exchiggestion
41f (a second heat exchanger) for
cydiehwpsh fa 08¢ | DdbuatebfdTagi oo Ehbbdamnenthe be&athe
exchanger 40 including the fin 45 which fine pores
preaventf aimeshiohot he Thedbrefuifacetidhosgcliwoabpatratus 100c
exchangers 4le and 41f for
of déteipkdérciat eondtiimedt f i satiesararedbesl t fomt exeple, but
-indoor unit separately. The control unit 80b controls
nott Heinhtred-toaythal ¥es G8ndhtioBdnyosywitenh fohe
refrigerant flow passage. [0124] Likew se the )
cocrleifrrqgkeeeatim eperetappar akRagero0by &ecbidi-ng3tosihee what
. above. Enbodinment 6, the refrigerant pipe 1 is
is glemfeateht'vithethef frger AL pRRES PEMEAE LiSd aSakgose
after connecting the on-off valve 32, the heat ,
de%ﬁ&ﬂ*&ﬁﬁe%n4§%b?6%meHEﬁuﬂ?d?f?EgtﬁoﬁFﬁﬁnF@@fF@gﬁi5HPCtl°nS'
nd t he three-rﬁ%evalve 3 with the refrigerant pipe

eXR lana kit i ¥yt of®dFFeFal ve 33, the heat exchanger
[Ofgglfor dehum dification/hum dification,

The refrigeration cycle apparatus 100c¢ is formed by
sequentially connecting the compressor 10, the condenser 20,
the on-off valve 32 as the first on-off valve and the on-off
valve 33 as the second on-off wvalve that are provided in
parallel, the heat exchangers 4le and 41f for
dehumidification/humidification provided in parallel, three-
way valves 38 and 39 provided in parallel, the on-off valves
34 and 35 provided in parallel, throttle device 85, and
evaporator 70 with the refrigerant pipe 1. Here, the
refrigeration cycle apparatus 100c is also provided with the
heat exchanger 4le (a first heat exchanger) for
dehumidification/humidification and the heat exchanger 41f
(a second heat exchanger} for
dehumidification/humidification that are the heat exchanger

40 including the fin 45 which fine pores are formed on the




and the three-way valve 39 with the refrigerant pipe

I b, respectively, they are joined again. The

af orenenti oned refrigerant may be enployed as the one
flowi ng through the refrigerant pipe 1. The
refrigerant pipes Ic and Id include a bypass pipe 2a
(a first bypass pipe) which is branched fromthe
refrigerant pipe | c between the on-off valve 32 and
the heat exchanger 4le for 76 -

dehum dification/humdification to join with the
refrigerant pipe |d between the heat = exchanger 41f

sur kg ‘?ehgﬂ‘o%f LGAL h%Q’h%EPc‘ﬂ'a%' %% %riea%%éit fh%ftﬂ?;free way
varve by as a second bypass pi pe)

dehHﬁhﬁth%FPE é%& qg%QﬁeEﬁ%&%g%ﬁﬂﬁE @ﬂ%%lﬁ%éuﬂdﬁ3ﬂf

e on-o eat exchanger 41f for

umgegega&ibftbw' O%Iczumoﬂltfﬂoqaunqr& 8dY Qi tWidily the three-

rtgerant pi pe I c between the heat exchanger

way4$§l§gé B@eﬁﬂﬁ'@@f%%a%MQQk%HEh@'@é$@Hq¥}dHE1ﬂﬂﬁk passage.
hree-way valve 38. [0125] The bypass pipe 3a is

[01QQ9VIded with the throttle device 63. The bypass pipe
2a is provided with the throttle device 64. The

refikgristi BReCcyekeigpparabusciRle bppaptarudedodth a
tenperature/hum dity detection unit (not shown) for
accdetieay ng the tdwmyer @mivceliamththuey ditey mfftikeerant pipe 1
evaporator 70 at the inlet of the air passage of the
is bvapch&tiorin‘t@. tTHee retforigeranir ¢/ined dia yamdetlabt iad after
unit is not limted to the specific type so far as
conphe ttiogpshat wne ofifd weHerch df ditthe feat mxaeesed leofor

exanpl e, a tenperature sensor such as a
dehumldlflcatlon/humldlflcatlon, and the three-way valve 38

with the refrigerant pipe lc connecting the on-off valve 33,
the heat exchanger 41f for dehumidification/humidification,
and the three-way valve 39 with the refrigerant pipe 1b,
respectively, they are joined again. The aforemehtioned
refrigerant may be employed as the one flowing through the
refrigerant pipe 1. The refrigerant pipes lc and 1d include
a bypass pipe 2a (a first bypass pipe) which is branched
from the refrigerant pipe lc between the on-off valve 32 and
the heat exchanger 4le for dehumidification/humidification
to join with the refrigerant pipe 1ld between the heat
exchanger 41f for dehumidification/humidification and the
three-way valve 39, and a bypass pipe 3a (a second bypass
pipe) which is branched from the refrigerant pipe 1d between
the on-off wvalve 33 and the heat exchanger 41f for

dehumidification/humidification to join with the refrigerant



therm stor, thernoneter, humdity sensor, and
hygronmeter may be enployed. [0126] The refrigeration
cycl e apparatus 100c is provided with a control unit
(not shown) for controlling the drive frequency of

t he conpressor 10, opening of the on-off valves 32,
33, opening of the throttle devices 63, 64 and 85, and
openi ng of the three-way valves 38, 39. The three-way
val ves 38 and 39 switch the’fl ow of the refrigerant
flowng through the refrigerant pipes la and Ib to
swtch the functions (adsorption and desorption) of

pigde hepigxehangerseattlexangnddt 10e for
dehum dification/humdification. [0127] - 78 The

deRREIEAL 1 0 ©f o Neuti 841 F 95 8L bANaBYCLReappacatwayl®@dve 38.
w || be described based on Fig. 23 on the assunption

(ontdwt the on-off valve 32 is opened, the on-off valve
33 is closed, the heat exchanger 4le for

deltws diyigLad imipd e dif i medvdded swbper Bhedthoodeder evice
the water, and the heat exchanger 41f for _

63 dethaniigyba sat popé h2ai disf peavided witpetheedhrotddsodgvice
the water. [0128] A high tenperature/pressure gaseous
64 r efThgeraftigenapiesseichy ehpacetpseddic 16 Hrows ded with

into the condenser 20. The refrigerant in the
a dnpernshurenbunsdaty Be&eritdonhangas-(Noitg@h@wblo-IsHase

refrigerant in the condenser 20 while
detecting the temperature and humidity of the evaporator 70
at the inlet of the air passage of the evaporator 70. The
temperature/humidity detection unit is not limited to the
specific type so far as the temperature and the humidity may
be detected. For example, a temperature sensor such as a
thermistor, thermometer, humidity sensor, and hygrometer may
be employed.
[0126]

The refrigeration cycle apparatus 100c is provided with

a control unit (not shown) for controlling the drive
frequency of the compressor 10, opening of the on-off valves
32, 33, opening of the throttle devices 63, 64 and 85, and
opening of the three-way valves 38, 39. The three-way
valves 38 and 39 switch the flow of the refrigerant flowing
through the refrigerant pipes la and 1lb to switch the
functions (adsorption and desorption) of the heat exchangers

41e and 41f for dehumidification/humidification.

[0127]



partially releasing the heat to the external air. The
hi gh pressure gas-liquid two-phase refrigerant flows
into the heat exchanger Oe for

dehum dification/hum dification. The incom ng
gas-liquid two-phase refrigerant passes through the
heat transfer pipe 46 to allow the heat exchange
between the refrigerant and air and then increase the
tenperature of the fins 457&md the anbient air to

| ower the relative humdity. Thereby, the water
adsorbed in the fin 45 is desorbed. The gas-liquid
t%ghéﬁéréﬁﬁ%hge'faﬂhe' §ekk9;tj%§:b%%h”¥:gcﬁ_@eap hadkds 100c
refrigerant. [0129] The refrigerant flfowng fromthe

wilhegk exchangeld $L&JdPhbn Fig. 23 on the assumption that
dehum di fication/hum dification has a flow direction -

the’9n-eetreridined 3y tdeoddi&e; Wee Vahver BBvHger 38hes closed,
control of the control unit 80b. If the refrigerant

thel Be@@nkkehlagldro 41fd Wt et dihel dyiass/ il i38.c 4 thiion
| ow pressure gas-liquid two-phase refrigerant flows

is bpteathkd heatdeortangsy vhlferd,0orand the heat exchanger 41f
dehum dification/humdification to | ower the

fort enpermatiirfasadfi ortArenfichist 4% taineh tie apdxadd diad dddaerb
the Enbodi nent 6. This nakes it possible to enhance

thet Wetadsor bi ng performance of the heat exchanger 41f
for dehum dification/humdification. The gas-liquid

[01280- phase refrigerant flowi ng out fromthe heat
exchanger 41f for dehum dification/humdification is
deBohp ks seBPEy athe o PreseE ed SseeUss r@fy igiegant

three-way valve 38, on-off valve 35, and bypass pige
compa§s§pgm gqhﬁ(pompressor 10 flows into thé condenser 20.

The refrigerant in the aforementioned state becomes the gas-
liquid two-phase refrigerant in the condenser 20 while
partially releasing the heat to the external air. The high
pressure gas-ligquid two-phase refrigerant flows into the
heat exchanger 4le for dehumidification/humidification. The
incoming gas-liquid two-phase refrigerant passes through the
heat transfer pipe 46 to allow the heat exchange between the
refrigerant and air and then increase the temperature of the
fins 45 and the ambient air to lower the relative humidity.
Thereby, the water adsorbed in the fin 45 is desorbed. The
gas—-liquid two-phase refrigerant is liquefied into the
liquid refrigerant.
[0129]

The refrigerant flowing from the heat exchanger 4le for

dehumidification/hunidification has a flow direction



the evaporator 70 to beconme the | ow pressure gaseous
refrigerant while renoving the sensible heat of the
air by the heat exchange, then being sucked by the
conpressor 10 to be circulate in the refrigerant
circuit. The operation of the refrigeration cycle
apparatus 100c is reversed conpared wth that of the
three-way val ves 38 and 39 _when closing the on-off
val ve 32, opening the on- ~of/ val ve 33, maki ng t he
heat exchanger 41f for dehum dification/hum dification
desorb the water, and naking the heat exchanger 4le
detd@kingehiy ghd i entbenhyniditbcati aadadsenk thatwatlen s
[0130] I'n Enbodinment 7, the apparatus is provided
the Wdiht #OE uk ¥ eeoMay val vBs 38fri3fetantadisl ichateoldtedr to
adsorption by 80 Ilowering the tenperatures of the
flov i tisrddglof thdephpats pxpbanger thdelew diksfsare gas-liquid
dehumi di fication/ hunidification on the side of the
twovstiete axklspr bié panandlohe anhbenheaiheatto exichargese 4dtlfe for
relative humdity, so that it is possible to operate
dehurhied Bppea ot os/himhdhi ghek iper tor hamwes. tEMBORIMVENE Bires of
[0131] In Enbodinents 4 to 7, the heat exchanger 40
the attms dd hgand ot Eabaubientsairt di3ei $hagppbediognt o This
the heat exchan 41 for
mak%%hhhi@¢$$thlﬁogph@ﬁhépﬁﬁc5@?0ﬁdsﬁ@W@ﬂgypﬁﬁfQR$QQﬁe of

limted thereto. For exanple, the condenser 20 and the
the dyepbratehargernt eh §@rvée§§mﬂﬁéfﬁ%tww@rlsfwwn-

Thebgas—liquid two-phase refrigerant flowing out from the
heat exchanger 41f for dehumidification/humidification is
decompressed by the throttle device 85 via the three-way
valve 38, on-off valve 35, and bypass pipe 1d, flowing into
the evaporator 70 to become the low pressure gaseous
refrigerant while removing the sensible heat of the air by
the heat exchange, then being sucked by the compressor 10 to
be circulate in the refrigerant circuit. The operation of
the refrigeration cycle apparatus 100c is reversed compared
with that of the three-way valves 38 and 39 when closing the
on-off valve 32, opening the on-off valve 33, making the
heat exchanger 41f for dehumidification/humidification
desorb the water, and making the heat exchanger 4le for
dehumidification/humidification adsorb the water.
[0130]

In Embodiment 7, the apparatus is provided with the

three-way valves 38, 39 to facilitate water adsorption by




provided with the fin 45 for adsorbing the water.
[0132] In Enbodinents 4 to 7 as descri bed above, two
heat exchangers 4la, 41b for

dehum dification/humdification are wused for
alternate desorption and adsorption, however, the
nunber of the heat exchangers 41 for

dehum dification/humdification is not limted. [0133]
In Enbodi ments 4 to 7, the &dnpressor 10 is not
limted to a specific type. For exanple, the inverter
conpressor capable of controlling the capacity, and

Lowe 8 reP 1S Mol 8 t AP L5 S WD L2757 Ffe theat

conpriession at a constant rate - 81 nmay be enpl oyed.
exdhAriidie TAPLLT IMer O HJBM S1i B S i e/nu di PicdPeon on

conpressor 10 is disposed for the refrigeration

theCysCi'cFe JTOWRNE iy a Hte JUMEIaSt Rfn td1Rd CrH T LIS DESE | 81A0t0
limted and plural conpressor nmay be provided. In the

incHY RIMBMHd ot CARe, hiled Copf red thdt 80 tBypbesible to
configured to execute the nmultiple control of as many

opeaS HeherHY Qi t\ 0o Pl s o1 ghe ENBODE MENINSe . [ 0134] I n
the respective enbodi nents, the control units 80 and
80a control the opening of the on-off valves, drive
frequency of the conpressor 10, the opening of the

EMBOESIMENT Ve throttl e devices and the three-way val ves,

[0131]

In Embodiments 4 to 7, the heat exchanger 40 according
to Embodiments 1 to 3 is applied only to the heat exchanger
41 for dehumidification/humidification, however, it is not
limited thereto. For example, the condenser 20 and the
evaporator 70 which serve as the heat exchangers may be
provided with the fin 45 for adsorbing the water.

{0132]

In Embodiments 4 to 7 as described above, two heat
exchangers 4la, 41b for dehumidification/humidification are
used for alternate desorption and adsorption, however,rthe
number of the heat exchangers 41 for
dehumidification/humidification is not limited.

[0133]

In Embodiments 4 to 7, the compressor 10 is not limited
to a specific type. For example, the inverter compressor
capable of controlling the capacity, and the constant rate

compressor which performs the compression at a constant rate



however, it is not Iimted thereto. The control unit
may be provided for each of the apparatuses. In the
respective enbodinents, a single tenperature/humdity
detection unit 81 is disposed at the inlet side of
the air passage of the -evaporator 70, however, it is
not limted thereto. For exanple, the tenperature
detection unit and the hunigity detection unit may be
separately provided, or plu al “units may be provided.
The pressure detection units for detecting the
refrigerant pressure nay be provi ded adjacent to the
may esPesis Meyapparad usies. r£ 380t i ve 88mbbdihbets, a single
enbodi nents, the refrigeration cycle apparatuses 100
unifto dP0charcomppd s eslr t 0Ot he defpogedator, theomedrigeration
conditioner, all-in-one air conditioning system and
cydlhe lhdiesvehpowavernpumbei sofiothéi compdesberet s Bott limited
exanple, the refrigeration cycle apparatuses 100 to
andl @fourmy denpppssed taytbe pebridedat ednwahehouse,
hum difier, humdity control unit and the |ike. The
afangeenficohed reds¢ gethat conheodi pnipa8fagaevake cratfiggged
passage in the refrigeration cycle nmay be determn ned
to eKentor dire anwl tholfecpntendedfuge BanY agpltheabirgiyided
- 83 - CLAIMS 1. A heat exchanger for exchangi ng heat
comgEisweenra- refrigerant and air, conprising a fin for
transferring the

EMBODIMENT 9
[0134]

In the respective embodiments, the control units 80 and
80a control the opening of the on-off valves, drive
frequency of the compressor 10, the opening of the
respective throttle devices and the three-way valves,
however, it is not limited thereto. The control unit may be
provided for each of the apparatuses. In the respective
embodiments, a single temperature/humidity detection unit 81
is disposed at the inlet side of the air passage of the
evaporator 70, however, it is not limited thereto. For
example, the temperature detection unit and the humidity
detection unit may be separately provided, or plural units
may be provided. The pressure detection units for detecﬁing
the refrigerant pressure may be provided adjacent to the
respective apparatuses.

[0135]




heat, wherein the fin includes a fine pore with a
dianmeter ranging from1l1l to 3.5 rimfor adsorbing
water contained in the air by a capillary
condensati on phenonenon. 2. The heat exchanger of
Caim1l, wherein the fine pore has a dianeter which
is different in accordance with a position on a
surface of the fin. 3. The heat exchanger of C aim 2,
wherein the fine pores ardédi-stributed on the fin so
that each di ameter beconmes small as the fine pore is
positioned froman upwind to a downw nd of an air

giL eg %#8@iﬂgﬂﬁi$ﬂ&ﬁé ?Q%?EQEE$91oﬁlng ﬁgaratuses

ex anger. erernt
fLEs n [ t e fi -
100pténganﬁﬁngEPg%%de?% i égggggﬁg%ﬁq%\Mﬁéﬁ?lﬁifthe

conﬁhﬂ?on@?reaﬁqiuMJ@%ajéiﬂ'EHnd%W!dH& Sovnuh ngdnaf thBe1ike,
first fin inan air flowdirection upon t he wat er

how@dger PLitORs abe hamitadseeenddy edefrerdingd Li amt er
different fromthe first predeterm ned di aneter. 5.

re fImgeba@hoﬁx ehaneerapph r@ltaisdst 1 otheieiln dd ense e agp N ed
is positioned downw nd of the first fin in an

to @he teowigdiraeeld oarepomsi)e hadieri fadsqr piundind i tandcdrierol
second predeterm ned dianeter is smaller than the

uniti et theeddker.m mae diyaretdT .tHe rkfmefgdmgerat itde air
cycl e apparatus which includes a refrigerant circuit

pasfepgrednby thenrfdon mgsEagenpmedder Hedir igomiriessioyr ke may
refrigerant, a condenser for condensing the

be determined in accordance with the intended use and

application.



refrigerant through a heat exchange, a throttle device
for adjusting a pressure of the condensed
refrigerant, and an evaporator for evaporating the
refrigerant through the heat exchange between the
refrigerant deconpressed by the throttle device and
air, further conprising the heat exchanger of any one
of Clains 1 to 5 as a heat exchanger for
dehuni di fi cation/ huni di fi éaPPoR, wherein the throttle
device adjusts a refrigerant pressure for controlling
adsorption and desorption perforned by the heat
~exchanger for dehum dificanrgn/ hum dification. 7. The
refrigeration cycle apparatus of Claim®6, further
1ICONY i\ esbh@dbetinid 8 Okchieghrat hexchaageeenf ar
dehum dification/humdification; a flow passage
refWideahimg anmd tafoy dotipt hgingfaofipassagerbhedaeghing the
which the refrigerant selectively flows into - 85 - or
hezmyt voferdien hdad Ekchomgbudésra fine pore with a diameter
dehum di fication/humdification; and a control unit
rarfgmgafttaml 1 iy 3 he fhofiopazdagebiswi wehengconiteined in
switch between the heat exchanger for
thedehiunilely fa coap bhl dowi dohiieasabhofhophadsBebirRg wat er
contained in air subjected to a heat exchange in the
evaporator by flow ng the refrigerant deconpressed by
the throttle device and_the heat exchanger f
Zehuhelitezht poARaRaeHi PEcalprdl for WHBSSEB &% ffene pore

adsor bed
has a diameter which is different in accordance with a

position on a surface of the fin.

3. The heat exchanger of Claim 2, wherein the fine pores
are distributed on the fin so that each diameter becomes
small as the fine pore is positioned from an upwind to a

downwind of an air flow direction upon water adsorpticn.

4. The heat exchanger of Claim 1, wherein the fin
includes a first fin which has the fine pore with a first
predetermined diameter, and a second fin which has the fine
pore positioned either upwind or downwind of the first fin
in an air flow direction upon the water adsorption, and has
a second predetermined diameter different from the first

predetermined diameter.

5. The heat exchanger of Claim 4, wherein the second fin



water by flowi ng the refrigerant condensed by the
condenser. 8. A refrigeration cycle apparatus which
includes a refrigerant circuit formed by connecting a
conpressor for conpressing a refrigerant, a condenser
for condensing the refrigerant through a heat
exchange, a throttle device for adjusting a pressure
of the condensed refrigerant, and an evaporator for
evaporating the refrigerant8¢hrough the heat exchange
between the refrigerant deconpressed by the throttle
device and air, further conprising: plural heat

. exchangers, for ! 1 i f ' i dif i cati ek
e e S i S
. to. 5, a flow,.,pas ' L.0g: Nt r r g3 a flow
dlr§§§§55é1¥ﬁ$bdgh aﬁléﬁ§t %ggggg%%g?a%%@cgﬁgeﬁgggnby t he
, ' i £ ' figat rexshanger
pre?icoé&%g:gﬁ_q’{e e%%{dﬁlﬁgﬁ o%}{\%i%&dioﬁ%gti on; and a )

I ta f .t chi ng between'the heat exchanger
pr%ﬁﬁgéﬁﬂﬁﬁﬁgﬂ?%%ﬁﬁ?%%/hunidification for adsorbi ng ?he
water contained in the air subjected to a heat
exchange in the evaporator and the heat exchanger for
slehuyr € £ i cad i o0 buntgif bcappapatos whsohbingltiHes a
adsorbed water by controlling the fl ow passage
refmidehimg eniéuto fbomedtbg cehniegeinnt a gonpiessor for
refrigeration cycle apparatus of Claim?7 or 8,

cofpité hetngoaprésrigeaahts st tengenaeur EpRuFPadepsing the
det ecti on

refrigerant through a heat exchange, a throttle device for
adjusting a pressure of the condensed refrigerant, and an
evaporator for evaporating the refrigerant through the heat
exchange between the refrigerant decompressed by the
throttle device and air, further comprising the heat
exchanger of any one of Claims 1 to 5 as a heat exchanger
for dehumidification/humidification, wherein the throttle
device adjusts a refrigerant pressure for controlling
adsorption and descrption performed by the heat exchanger

for dehumidification/humidification.

7. The refrigeration cycle apparatus of Claim 6, further
comprising:
plural units of the heat exchangers for
dehumidification/humidification;
a flow passage switching unit for forming a flow

passage through which the refrigerant selectively flows into



unit for detecting tenperature and/or humdity of the
evaporator at an inlet of an air passage of the
evaporator, wherein the control unit calculates a
relative humdity of the air in the evaporator based
on data detected by the first tenperature/ humdity
detection unit, and controls the flow passage
switching unit to switch between the heat exchanger
for dehumidification/humdi°fi cation for adsorbing
wat er and the heat exchanger for
dehum di fication/humdification for desorbing the
or oatest baseHeon tkeheabeul gbed relative humdity. 10.
The refrigeration cycle apparatus of Claim7, wherein
dehtithedtohta ol ophimial Ebhentdontrahsl a drive frequency of
the conpressor, and converts the relative humdity
i g acantdewl -uBifc ot ntonrbredhingl thbhefdowvepabsegaeency
of the conpressor and sw tching of the heat exchanger
swifonindetnitdibi swiioh/ hafrivdiehi ¢hiei dweaindchiEng esonftaol
of the flow passage switching unit so that the
dehenapdf acahgont bupédaficetébnt Horr edsogéiame vateathe
: evaporator is equal to or er than the dew point.
ConlilnﬁﬁelneﬁﬁrgéﬂbﬂB@ﬁeéy@peaa%ﬁ@ﬁaﬁ&§h@ﬂg§hylbﬁé“%f
Claims 7 to 10, further conprising a second
evaperpbpat hyef Ao 80t fhaetedtigR Tamitt JeGOTMRSHhd  Hae
erature and/or the hum dity of the heat exchanger

thr%EEEdeﬁw:a. pReafP8nPREM &P‘ﬁh@&ﬂe&n LA an inlet of

th L_r ssage of .the hea
dehumfd?flca ?on gumgdlflcat?o% e %E%%&gf%g the adsorbed

water by flowing the refrigerant condensed by the condenser.

8. A refrigeration cycle apparatus which includes a
refrigerant circuit formed by connecting a compressor for
compressing a refrigerant, a condenser for condensing the
refrigerant through a heat exchange, a throttle device for
adjusting a pressure of the condensed refrigerant, and an
evaporator for evaporating the refrigerant through the heat
exchange between the refrigerant decompressed by the
throttle device and air, further comprising:

- plural heat exchangers for
dehumidification/humidification each formed as the heat
exchanger of any one of Claims 1 to 5;

a flow passage switching unit for forming a flow
passage through which the refrigerant condensed by the

condenser selectively flows into the heat exchanger for



dehum di fication/hum dification, wherein the contro
unit calculates the relative humdity of the air in

t he heat exchanger for

dehum dification/ hum dification based on the
detection data of the second tenperature/ humdity
detection wunit to convert the calculated relative
hum dity into a dew point, and controls the drive
frequency of the conpressor86and sw tching of the heat
exchanger for dehum dification/humdification under
the control of the flow passage switching unit so

de%#ﬁyqégfégggﬁﬁyﬁﬂﬁaééiéﬁﬁéfg%ig gnt which passes in

exchanger i gher or equal to the dew

pOiantcon'trféa.L a]rgil't ?E?t r&H i Gena Y&l & PR At Usx@hanger

any one o s 7/ to 10, further conprising an air

fo Q§§ﬁﬁﬁié¥$fE%%IEh/Hﬁﬁid{fﬁcéﬂiéﬁhfﬁg Lh8oAbingasEagester
etween the plural heat exchangers for

cotepud g {4 catd o/ husigidé€a8i 08 anHekheeg¥npALat 0h, the
wherein the control unit controls the air passage

evSYh Lt POatdi £hé OhéOF Mibieangerpassages for the heat
exchanger for adsorbing water and the evaporator.

dehumidification/humidification for desorbing the adsorbed

water by controlling the flow passage switching unit to flow

the refrigerant.

9, The refrigeration cycle apparatus of Claim 7 or 8,
further comprising a first temperature/humidity detection
unit for detecting temperature and/or humidity of the
evaporator at an inlet of an air passage of the evaporator,
wherein the control unit calculates a relative humidity of
the air in the evaporator based on data detected by the
first temperature/humidity detection unit, and controls the
flow passage switching unit to switch between the heat
exchanger for dehumidification/humidification for adsorbing
water and the heat exchanger for
dehumidification/humidification for descrbing the water

based on the calculated relative humidity.

10. The refrigeration cycle apparatus of Claim 7, wherein
the control unit further controls a drive fregquency of the

compressor, and converts the relative humidity into a dew



point to control the drive frequency of the compressor and
switching of the heat exchanger for
dehumidification/humidification under the control of the
flow passage switching unit so that the evaporating
temperature of the fefrigerant in the eﬁaporator is equal to

or higher than the dew point.

11.. The refrigeration cycle apparatus of any one of
Claims 7 to 10, further comprising a second
temperature/humidity detection unit for detecting the
temperature and/or the humidity of the heat exchanger for
dehumidification/humidification at an inlet of the air
passage of the heat exchanger for
dehumidification/humidification, wherein the control unit
calculates the relative humidity of the air in the heat
exchanger for dehumidification/humidification based on the
detection data of the second temperature/humidity detection
unit to convert the calculated relative humidity into a dew
point, and controls the drive frequency of the compressor
and switching of the heat exchanger for
dehumidification/humidification under the control of the
flow passage switching unit so that a temperature of a
refrigerant which passes in the heat exchanger becomes

higher or equal to the dew point.
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12. The refrigeration cycle apparatus of any one of
Claims 7 to 10, further comprising an air passage switching
unit for switching the air passages between the plural heat
exchangers for dehumidification/humidification and the
evaporator, wherein the control unit controls the air
passage switching unit to form the air passages for the heat

exchanger for adsorbing water and the evaporator.




