1 WD 2010/ 047490PCT/ KR2009/ 005873 Description Title of Invention. AR DRYER
| NCLUDI NG VORTEX TUBE Techni cal Field [1] yThe follow ng disclosure relates
to an air dry(&[ and in particular, to an air dryer including a vortex
tube, which ciTEAIUHEE ool ed and conpressed air to suppl yCTKR208/05873
Background Art [2] A pneumatic systemincludes intimtely conbi ned

pneumati c driving devices to appropriately operate the pneumatic driving

devi ces. Such a pneumatic systemi n@ggggl?tpjﬁunatl c source, a
purification ﬂ,ew ce,_a control valve, and the other devices. The pneunatic

driving devi cddtlet/ Bavention:eAIRIDRY ERINCLUDING VORTEN gr@BaE. onal
al

ki neti c energy OFp rﬁbzéadﬁnglg kinetic energy. [3] Since conpresse
generated at a co a pneunmatic source, reaches a tenperature from

about 150 Clto abdit fal@ing dideioouighelael t@ﬁﬁbh%}%‘l rangﬁ}ﬂpar@c%% Qan %Jggwel

conpressed air i i ntroduce
tank. |npuriti esﬁlggﬁmr%gq’sog %ﬁ gbés\gllcrhe%%u e{ﬁs (?Oé?ﬂ at"Hé“@B’r"rﬁF@é’é&P”ﬁplﬁ dp!a@sl ng

t hrough t he tankB@HKBH@H“&M‘tI ter functioning as the purification device,

t he conpresgsied ai A dnsudREQAVREL yr e control valve, noisture is
conpl etel y renoved Ij c VB Iﬁ%ﬁ'?gigg%d%d%y thr 6nt?§lﬁm?‘ﬁ%‘méudfm&gﬁ‘é‘?lwf’éﬁ’]di)t hen,

the air is suppl¥ 188”1“%5{ Pﬂ%afﬁﬁ&ﬁ%‘fwwdimmgﬁgwg@v wd ap[ndl}me&sncsb]stanﬁncdrdyeﬁs
are classified ipesmatsenpe] opwifigpnaietice la\:efGol vamqar B eQifel Yl%ce@"j‘h dryers,

and refrigerat t I
Accor di nlggt 0 dleﬁ({lhr?] ?F&%ﬁivéifegf?géﬁogg&o O%apn ts’;’Sg’égoat“ %WI%” Q'btg mafﬂt‘anéﬁaﬂ/%ﬁ"’é ational

moi sture sat ur at ed A" flongl Kinpc egered and conpressed by a conpressor

whi | e conpklssi ngSiaterconpresgdlady genonates santomRIAENEASIENBEAPREESSLHa T dt 0
primarily renove ﬁhférﬂ% ol alr talnl n saturate
wat er vapor is agrggérlbeg ) Q%QI f%legttgélﬁogﬁﬁ%dg%sq“lougléacg&am ar ﬁ PESSiy theor
synthetic zeol i tCPIAS Fﬁt‘?%’r‘?eﬁi?b%w&l ooy year shensiatrndiicsd inteea @bls dmptui@s

liquid (1ithi umaphotstute asatmoves dlout thotoragteksbd ke J&)!xh ABoEh ¥ROhk ﬁli)ougﬁqove
i, socoriameideylibn g it oo o (o0 ST UL

dryers, wet air containing sat
heat exchangi ng P {8Y® fsNelwlve. apistuge ?é@@beehplremwedaMmdarmmps&:sadlaﬁt of

energy. Al so, rdéfrpighehasii duyet ypethé, ﬁhEdlﬁMgglﬁopﬂ&l io%@?&ehﬁam{\g%&}?@%nw th

hazar dous [gpfri gegan acilitres an
t her eof V\lh{l ]éh rgg})?l rgelfsél:}"%ﬁta ra{ae Scéangﬁ 1r“(tapca (Ingt“éﬂ' g’Pg 1ye§af‘€@P‘1PW}YWéﬁtex

tubes, invent ed By FHEH lgﬁHS}%Il wpe pir d;e’él’sgleuﬁeémgueaqinymj;&&ﬂwduses conpr essed
air to crdék rapmcmdmgwd@mducsﬂymg dp@fah@ii(oiad?lgorﬁﬁ&? y?!—’: 8ir 8139115, stufer om hot

air, in whicht used ex tubes
are used for i n%%%?@?g-[%tt&gal 4R (Ps sufked and complesse by a complessox while comp1essmg

air, a cooler cools and condenses the compressed air to primarily remove moisture, and
moisture of wet air containing saturated water vapor is adsorbed to adsorbent such as
silica gel, alumina gel, or synthetic zeolite, Absorption-type air dryers use moisture ab-
sorption liquid (lithium chloride water solution and triethylene glycol) to remove
moisture. According to dehumidifying operation of refrigeration-type air dryers, wet
air containing saturated water vapor is re-condensed through heat exchanging.

[6] However, air dryers of prior art consume a lot of ener gy. Also, refrigeration-type air
dryers pollute the environment with hazardous refrigerant such as CFC or HCFC, and
facilities and driving thereof which requires refrigerant recycle are complicated.

[7] Vortex tubes, invented by French physicist George Ranque in 1933, uses compressed
air to cross rapid vortex and slow vortex and separate cool air from hot air, in which
the separated cool air is used as refrigerant, Vortex tubes are used for industrial or
laboratory spot cooler.,
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di scl osure provides an air diyer that rotates supplied conpressed air in an
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air using Coanda effect. [9] The present disclosure also provides an air
dryer having increased efficiency. Solution to Problem[10] In one general
aspect, an air dfgdmicaldPraddem a conpressor; an air drying chanber rotating
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i nvention, the adj q,nddxpg,@&f, apghdisehdiging théreool air and the hot air; a second air drying
chamber rotating the hot air discharged from the vortex tube to remove moisture from
the hot air using the Coanda effect and secondarily dry the hot air, and to accelerate the
hot air and discharge the accelerated hot air together with the cool air discharged from
the vortex tube; and an external discharge member collecting the dried hot air and the
dried cool air, discharged from the second air drying chamber, and discharging the
dried hot air and the dried cool air at a constant pressure to the outside.
[12] Other features and aspects will be apparent from the following detailed description,
the drawings, and the claims.
Advantageous Effects of Invention
{13] According to the embodiments of the present invention, the air dryer including the
vortex tube circulates supplied air as refrigerant to cool hot air and collect cool air and
hot air, thus improving efficiency of the air dryer without environmenta) pollution,
[14] In addition, the air dryer including the vortex tube removes moisture and impurities
through multi processes to obtain dry air. Thus, an expensive device such as an after-
cooler is not required. Compressed air is used as refrigerant, unlike a refrigerant-type
air dryer using refrigerant, thereby reducing production costs and facilitating driving of
the air dryer,



vortex tube circulates supplied air as refrigerant to cool hot air and
collect cool air and hot air, thus inproging efficiency of the air dryer

wi t hout environnental pollution. [14] In“addition, the air dryer including
the vortex twbeorgawyes nmoisture and inpurities through mhkikaopinsgsses to
obtain dry air. Thus, an expensive device such as an after-cooler is not
required. Conpressed air is used as refrigerant, unlike a refrlgerant type
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[16] FIG 1 is a sﬁéﬂﬁ%kfﬁlﬁgéﬁrpw $at| ng an air dryer according to an
enbodi mentl1@f t h&l(prids emthemntikeyiew diustrftiig]an Blr@Grye? adcdrdingne s pedbdiveniifew
illustrating anﬂ@bhmgh§g@@§glng tube according to the em bodlnePt of FIG
. [18 FI : schemati ¢ view jllustratjng rotati on wings of an
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is a schematic bidemesnitlof B&t.dati ng operation of a vortex tube according to an
em [18] FIG. 3 is a schematic view illustrating rotation wings of an external discharge part
according to the embodiment of FIG., 1,
[19] FIG. 4 is a schematic view illustrating operation of a vortex tube according to an em-
bodiment of the present invention,
[20] FIG. 5 is a schematic view illustrating an air dryer according to another embodiment
of the present invention.
[21] FIG. 6 is a schematic view illustrating connection between a first EVA tuba and a
second EVA tube according to an embodiment of FIG. 5.
Best Mode for Carrying out the Invention
[22] Hereinafter, exemplary embodiments will be described in detail with reference to the
accompanying drawings. Throughout the drawings and the detailed description, unless
otherwise described, the same drawing reference numerals will be understood to refer
to the same elements, features, and structures, The relative size and depiction of these
elements may be exaggerated for clarity, illustration, and convenience. The following
detailed description is provided to assist the reader in gaining a comprehensive under-
standing of the methods, apparatuses, and/or systems described herein. Accordingly,
various changes, modifications, and equivalents of the methods, apparatuses, and/or
systems described herein will be suggested to those of ordinary skill in the art. Also,
descriptions of well-known functions and constructions may be omitted for increased
clarity and conciseness.
[23] FIG. 1 is a schematic view illustrating an air dryer according to an embodiment of
the present invention.
[24] Referring to FIG. 1, the air dryer according to the current embodiment includes a
compressor (not shown), an air drying chamber 100, the vortex tube 200, and an
external discharge part 300.
[25] The air drying chamber 100 rotates compressed air supplied from the compressor to
remove moisture and impurities from the compressed air using Coanda effect and dry
the compressed air, and simultaneously, to accelerate and discharge the compressed air



bodi ment of the present invention. [20] FIG 5 is a schematic view
illustrating an air dryer according to anot her enbodi ment of the present
invention. [21] FIG 6 is a schematic viewillustrating connection between
a first EVA tNbA1gMI4%4 second EVA tube according to an epbpdrieHbsefs Fl G
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enbodi ment of t ki ipthesenidei nvention. [24] Referring to FIG 1, the air
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chamber 100 into cool air and hot air, dischar ges the cool air to the EVA tube 120, and
discharges the hot air to the external discharge part 300. The vortex tube 200 includes a
rotation chamber (not shown), cooling fins 210, an adjustment valve 220, The rotation
chamber divides compressed air into hot air and cool air, and separately discharges the
hot air and the cool air. The cooling fins 210 cool the discharged hot air. The ad-
justment valve 220 adjusts the amount of hot air discharged from the rotation chamber
to the external discharge part 300,

[29] The external discharge part 300 collects diy cool air discharged from the EVA tube
120 of the air drying chamber 100, and hot air discharged from the vortex tube 200,
and discharges the cool air and the hot air at a constant pressure to the outside. In this
case, since the cool air and the hot air are different from each other in pressure, the
external discharge part 300 includes a plurality of oblique wing parts 311 that are
spaced by a constant distance from each other to collect the cool air and the hot air,

[30] The air dryer further includes an air storage tank (not shown) that temporarily stores
dry air discharged from the external discharge part 300 to control driving of the
compressor according to the amount of used dry air and prevent power consumption
due to unnecessary driving of the compressor., The air storage tank includes a pressure
sensing part (not shown), a solenoid valve (not shown), and a control member (not
shown). The pressure sensing part detects the maximum and minimum set pressures in
the air storage tank. The solenoid valve adjusts the amount of air, introduced into the
air storage tank, according to pressure variation of dry air stored in the air storage tank,

The control member controls driving on/off of the compressor according to sensed
pressure in the air storage tank.



to the vortex tube 200. The upper portion of the air drying chamber 100 has
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cylindrical shapgenita! gieaairebithe aatalel teoaghetls oblivthe vhey f2o@ndathpNGRORRADD
occurs. Accor di Rghant BRiaSdeUTEn &8 olHEP Y id;] h el vded: 1908, sonpr.essed air
are adsorbed to A WE'il|| urface of.th@};qgftrlé’_ r;?%}%ecgﬁg%b}g?m&fgg{l& rilrrgl“’ﬁfaopped
to the noi st uresd?nsgc)f'u%lfﬁg?sﬁ E BB Pty 1pg rptionifan 310 rgtatapto generate sucking force
2010/ 047490PCT/ KR 8I08¢ 1008 TG Wi@ing THew paktved to aheallyanRueSIne air diith theScogpved
upward t hrough tfge air discharging tube 110, introduced into the vortex

t ube 200, [g%]d di vi,ded 1nto h}c()t air and cool air in the vortex tube 200 as
descri bed ‘Above. THETAGTES K fempgrasbnsipisedrviay divrbargsd Som alle etfesnsh disehargsar t
300. The cool ab#tBE foreontod thealivingtod tievemppissorhcdbMfng g A2Qmssnf:euagi ng

t he air di schar gingustibndikOsowe = ATeT=ToNRTY I ol efe] g o] ed air in the
air di SChjjl‘l’i@i ng E.Hbte ﬂf 0 igg%qonégﬁggk%ﬁiﬁg{agre‘lﬁ tS%aéyglquRn‘;;ggtgtg%ﬁor%[fl?s,smand is
di schar ged to t hé"&xXb&rfaf e dreserategangait. degeting the pasimerand meinicool seai 1 and
the hot air arepubsifegretie aii somgeank, dotdosnhd Maxim@sSIECure ! He sl Mide is

di scharge pail 308460 €6kt . Al . i.r and di scharges
them at a constanir pr esgﬁ&gllwﬁ){l E%gélbttg‘gl{ec@ﬁ?(ﬁ%%'j%ﬂg%'ﬁ%%%ﬁ?“ﬁﬁ‘ésllxm g parts
311 that are spaced BBIANEHTe arrapsiieectf-(ghihe sehragt men tEipsassirg sengihgn t he
cool air Pavi gi%aaf deitagts thy mesuNe p%m@h%oﬁﬂﬁhﬁ@l%h@pﬁdﬁﬁoE’lﬁfd&iﬁc@d]ﬂliﬁtoah
rotation fan e hPt@ orce that attracts the hot
air havi "t I o, S?Isa%ign? ’o@%ﬁ%ﬁ@&%@gﬁn@%% mé?_‘ﬁm\ﬂf b‘ﬁc?‘??ﬁ’e&g(?bf’“'ai r.
[42] The 1% sto 1@{; 1} pfRenEpdTaiusyatae gp als deyey ingludingithctratey 6the 200m t he
ext ernal di schacgadipgrs aiR@@r t:baimént of tHelpeeselitiivwengodf t he conpressor
accor di ngi450 t hep sed. A reventing power .consunption
due to un{negessaréfggfrd?%ﬁ % g’ftﬁ?ﬁgﬁ%g%f%iggs%{s t@iﬁ]’e#ﬁ&bgﬁhgﬁm\/\‘,ﬂﬂﬂ e
pressure sensi i HEFEOn %@‘g%‘t@fﬁ’@&cmﬂ%ﬁ@%ﬂm WX fba i2Aimse@nd pirésiug es i n
the air storagehtabde,500etneesextchal o@Xiamadpapr3egsure, the solenoid valve is
cl osed t o4ghut kel d 408 gt o the air storage,tapk, and

si mul tane[ouj;I Y, O{I%efﬁgc?ﬁt%r]g% _ glrJ1 d?ﬁgesg AEPES; F‘%é&&#ie@?m % the
contrary, when “PHEHELNGREvVEBASTURTathe apatpessses! aihisingthd Gemipefissande, t he
sol enoi d val ve prisiadpedre thetoompfksdeadiCadaimultaibusiN® Rbdlerslk AAGE: ?g@? e and
si mul t aneousl y ot, f.urns the conpressor on 444 Ilé 5is

I y . . .
a schematic view P %F%g? %I'a?(% fgﬂ%ggﬂfé? ki eie?’?c?lﬁgllgggm‘?ﬁu‘?ﬂg FBedient ygker200,
according to aftysst 2 Bpbaafisehseing ubhél (hedics VA mbenld, ond a fisSporRef efthé ng t 0
FIG 5, the ai modmyedisalecgingpagi300ThBrsEMF §i8Har 2R MBNhalBcljides a
&5
®

conpressor, a -1 I h er 400, the ex tybe 200, a second
air drying cha%g}ﬁg%@g&e ‘g%f"{l ﬁ%“%‘é"g %glalr‘lé? gﬁiv%ﬁ’éWE épaﬂle g@b-‘?"f*@‘]"’ e first
air drying chafbErndpde fist air dischesgipe wbe ) i moveppl die disfhracmed e thenpr essor
to renbve noi svaitex thileOr00] REhCQRORESSEGingicharkists BG0. tTAE ﬁg{?g&%@n Sf f,gct and

primarily thy d_aj and .sinul t aneousl y, accel erate and

di scharge the @%%S%gg@é%ﬁgngéﬂﬂéoﬁwf ”EH%%*FW@SE?Pt' Varovad 88y to the
current enbodi nent further includes a first air discharging tube 410, a
first EVA tube 420, and a first portion of the npoisture discharging part
130. The first air discharging tube 410 induces and di scharges the rotated
conpressed air to the vortex tube 200. The first EVA tube 420 surrounds the
first air discharging tube 410 to nove cool air, discharged fromthe vortex
tube 200, to the second air drying chanmber 500. The first portion of the
noi sture di scharging part 130 primarily di scharges noisture, renoved from

t he



7 WD 2010/ 047490PCT/ K112009/ 005873 conpressed air, to the outside. [47] The
vortex tube 200 divides conpressed dry air discharged fromthe first air
dryi ng chanber 400 into cool air and hot"air, discharges the cool air to
the first aiwodbyioggechanber 400, and di scharges the hotp@Eigrisdokes second
air drying chanmber 500. The vortex tube 200 includes a rotation chanber
(not shown) and the adjustnent valve 220. The rotation chanber divides
conpressed air kohpretsed aigie thamdisigieol air, and separ ately discharges the hot

air and t n@7]cool T?I!a Q01teﬂﬁ9be%b%ﬁﬁéé§ ?&n&%&sg(? Hx 2aC1)1 (Ja %%t ?Oﬁﬁyﬁﬂg‘%ghdéﬁﬁ%? Ot500

air discharged froma connection
[ 48] The secondSEambegtif iR C@Pﬂa%‘t?éid hgm ﬂ@@@t@@ th@@pomlﬂoéhesfeﬁaiﬁlgbﬂngrom t he

voa t ex tuge 2?0cfﬁmb’a€ﬂﬂ§){%dﬂﬂoﬁhﬂg£ﬁhéE(Qlﬁhttdilﬂleh@cionalaﬁ dls}@;igrtglaﬁlhe s00aryta efL ect
and secondarily u er at ot
air and di schar fc[fl(g%e%kh%&gzgggrfdﬁe{aﬁﬁﬁ% %}éﬁn}hef gng? ?rh Xvﬁ‘{tﬁ 3%Bﬁ?m5?t @Fggﬁar ged
from the vort exThufsEationghamsr ¢inides eoepressideaininio ok gie pncaeoobrivl iandyseparatehie
cu_rrelnt errbogi neinthaf des thla&igt almdmcte@oaalﬁqa@a&ju@mémwamb@m s heBRomkQr a
spiral secon -t cond _portion
di schargin palrz%/&fg(t)a%%ﬁéed fl(%rc‘)n &glg(smdlpspe fﬁzlsﬁ%o"gﬁﬁéh}%li%q’i H’?ﬁﬁc@g and
di schar ge$*&lhe r dhutceendritdrging Ch@hlehéo%maéqﬁrhai aitjdischheged fopahe V@00 tubEhe
Secf)nd EVAdt ube2(XQ ranksveantidsre tilder BERGAE u@ing 1 @(ﬁi'ﬂ@if Qfé@garﬁl‘;@&mgé‘iﬂ g, nove |
cool air, disc r st air e ext erna
di scharge part h@%g& hég({sgé%lglﬁdeou‘\’ foodﬁ%?m% ﬁleeqf"r’gfuét”ﬂff‘g“‘&tﬂégﬁ Hﬁrdéj?eg 2654t 130
secondarily di skHai gessthepivih EFP(éall ﬁ@mi&ed ffonotie tvhigexrabe A10r To thas ‘InldethOItl si de.
%gg] hThe upIoer cﬂ?él{ck@ﬂﬁmgfo thbeurfdnf &ﬁb(ﬁiﬂﬂﬂﬁ@tﬁ&{%pnﬁluﬂeﬂ{%{d}g dﬁ%@fr Ly400 and
ave cylin inclin or or
conpressed air dtyr)e &?Scﬁﬁﬁt‘g?&(?%b aé’glatsf:%)ﬁg ’981fu°{1 ﬂgt}'F “second
air drying charﬁﬁ’ém‘l%@@ 13AdTIBGedid vie disolregish aybe § 16 mdiiews lan;h@szhlatges thet at i on
fSpeefl of Jeomr asmed mt i Wth@@@telﬁélﬁlsclﬁééilagej(@rTlﬁé&cén‘a E:\P;G:ufbg 52(?@.%&19&5 t hed
irst and secon i.schar S an irsi and secon
air drying changers %g “%ﬁc %6@%}“?@@&%5‘%% ’t‘aqoscﬁﬂgﬁpi(i‘ﬂt SRk |y
cool i ng noved ahiring ehgsmtss 4&N tathe exsernilabschaize pai 300. &"bmecmdpomtﬁontdfeha‘l rst and

second EVA tubeagoiédR (ﬁd&ﬂaéx%gypai@nﬂ) ieb&lcﬁm Y Bdchseed &&Qtuféolehojv&?—ﬁgrhstmd in
the netal nesh 11 tho se arily cool the prinmarily cooled conpressed air

or hot air. [Sf]u ¢@"'% first and second air dryi ng chanbers 400 and 500
connect tHalfi rs'fheamaelsectmslomﬁfwsubwem agrbtyi5 2 Ohanbessadh and B@r haveool ai r

flovs through thendrichihadthseeandnEAnbah A6 Qe ol 4 B0:iL0 FI G
5, the first arﬁg%%é;onda%% y s {420 A n ngm co Flees(%e éigggégych

ot her such that® &Y po}jrﬁ’\’i'%g ?g*rﬁtf‘ qe&‘ﬁ‘&é‘l" WP&FW"G’F‘ PRénd pPlhaveva t ube
420 to the | owspnpdrpdsdnincteesegbd rotaiod spdee of commpesed sioon Honeirl ower portion of

the secon@doEVA tRHIE:R QF}@ Qh;%cmm&é ﬁlﬂpiﬁd'qgébnhfaﬁrd%faﬁa;%lﬁgilﬁa%£ hﬁﬂanfd%lﬁhﬁ 6
the first and Se C@”d each ot

B 1 P
such that cool %‘01“ W]‘Bg‘ihé s A% 4 d?‘f‘f"r?e‘}ﬁf?eé‘ﬂ“@% tlbe 420
to the upper p@ritiagly @hhmmﬁyedaandlcd)xhgnssealrmveshda[ gimwvitheod] aiwerf thedlidtiaad of t he

second EVA t ubgeBAQ A, tuBes¥80 L4 D4LAROBGH KRAAQUDOBRT kB iPEEPOT t i ON

t her eof .
mesh 111 to secondarily cool the primarily cooled compressed air or hot air.

[51] Since the first and second air drying chambers 400 and 500 connect the first and
second EVA tubes 420 and 520 to each other, cool air flows through the first and
second EVA tubes 420 and 520. Referring to FIG. 5, the first and second EVA tubes
420 and 520 may be connected to each other such that cool air moves from the upper
portion of the first EVA tube 420 to the lower portion thereof, and then, moves from
the lower portion of the second EVA tube 520 to the upper portion thereof, Referring
to FIG. 6, the first and second EVA tubes 420 and 520 may be connected to each other
such that cool air moves from the lower portion of the first EVA tube 420 to the upper
portion thereof, and then, moves from the lower portion of the second EVA tube 520 to



[ 52] The external discharge part 300 collects thy cool air and hot air

di scharged fromthe second air drying chisnber 500 and di scharges the cool
air and the hot air at a constant pressure to the outside. Since the cool
air and the wotomion74er e different from each other in pragsuweooddisgrext er nal
di scharge part 300 includes the rotation fan 310 provided with the oblique
W ng parts 311 that are spaced a constant distance from each other to

col | ect the cootheapperandiohhigerdodit air, as illustrated in FIG 3. [53] The
air dryer rggcor d'l“HQe)& é\lhﬁ"scﬁéfécr @E%@@ﬁ%&sﬁggogﬂﬁtahc?ftot'a %mgﬁaﬁéedaf? b hg t hus

st orage tank that 1s sane Hg?
a description tT’FéP%"f” @W}”Ig cBunlip e ay dichupestias eqohsif sk the byfeat Pé@llstﬁﬁ t he
air diyer confi gussack tashettesdidtel Hiack abox alviahd the vt ddearél@slerenbesh whdhhvther

reference to t hﬁt gtggrtﬁ@g)sﬂﬂgal%s@ﬂ% Eegéana%ﬁ%c%%g the?ot’ét on J%lf gf‘ﬁl‘i’lf’wg‘% wgl ent.

[55] Referring t
conpressor is i the OP]ﬁ%ﬁdﬁ%P‘Fﬁ@éhéﬁf ‘tiﬁépaé%jr@‘éfﬂ’étﬂlltrﬂlié%i’tc?ﬁﬁmﬁ@?ft olp¢rtehe first
air drying chantslect4Bcool hieahph@ i idistra®l af FIS. BO rotate. The upper

P | onelfadine, Lrhob e SLAhRg FRe TR A00RE dufkL LI A RIRRR 20

t he | ower port| on cone s credses ® Thus,
the conpressed @i thaisilistsemg a‘athatq’frﬁmmgyl%wmmmem aihthisha desgliptietr i cal
shape, is graduableyf witiaelogtiadded, and the Coanda phenonenon occurs.

Accor di ngkyy; noi ngdod MRUCERLES Jaeluded in the. S ressed air are
adsorbed 1572 wa llé{n%ﬂ‘f?ra%m@}f Eth?i Qt%?‘a‘?“?% r‘“il““hdw’1 ﬁ%g 480 4§ dr opped
to the noi st ur daHTERAT Gireigrepente I@EPGCWPQQYIWMF:\)VI“H?@@QOIQT@MM cwsrent ehie
conpressed air baimayed upvvard t hrough the first air discharging tube 410,
is introd d i ube 200 and i nto hot .air and
cool a7 he. et o Bl Sy bR ca i Ra bt e Bl i b

di scharged to t*FFéIugfé'deélglaﬂlP Oéhwn@efétﬁ’arﬁbiépf%@fswfﬂiéimmhambﬁ 408, thert r oduced

into the first @pipreabedfairstdits R/Adtdid)Be 4%5@ §wt16@ k}lf‘l@lb ﬁﬂ;t El'f‘ &r yfnlgr hhmBé'400

di scharging tu 4 t nge

ai r di schargi ngn%f %@inﬁh al Sﬁaape g%’? % ‘tehs a’% ’s%@d}eﬁlle?ses and is
di scharged to tih&idbcBrg tmf@mﬁﬁéed&mr@ﬂmgmdmmdioa’nwaldr&hmggha:hanber 500.
[57] Wen the tuytmcatom Sha e RadrgRAl 5RBeiaRY, MRMhEXodndR EhetBRehch dcBls 0dHced

through the obl | ectiaon.port 0 e.in the
second air dryi ﬁgﬂ ﬁ%mscimg@ad PWéme lﬁglt’d%jto‘fl?}? oﬁ?n]@fesf%@@é‘b%‘d‘tbﬁ‘ﬂoadr yi ng
chamber 500 has)” ‘?@W@erﬂfrﬂﬁ%félﬁt@l‘@w@g clanebet #&), hudhdopprdrte hemdigsreadieone shape
that quickly dwﬁlgmgqﬁmmowgtamt I| ke the fi rst a| r drying chanber 400.
Thus, the ft aI,]IK erd g fﬂ wnwar d . %h%ﬁéhe cylindrica

shape, i st gt adua accélleg igt)lgﬁqe Slr’téf YRS (R 5 AT Jisghiygng tube
Accordingly, mﬁ‘tlgtlurﬂéloé‘m@d|1Iﬁpth€|VDtte>stUb¢té(DQ,|dmﬂls|dwnﬂddenthd1t)tmcmdawel zadsor bed

to a wall surfagey®fx ke 2@@@9Mc1@deﬂ a&t%lm&ﬁaﬁm{mcﬁ%edﬁ%’e degrpgd to the
nmoi sture disch

3
20101047490 PCT/%R%%%?% @BQT%%PgﬁbSFN};‘?"P“% ok Jeterfirldin theA fubedel eva
tube 420 of theufgundingdhe findt i digrhetzingliube 400is hsatieaaltangodohiingmeprasisédnihot  ai r

in the second %Hhe@its?tﬁb@h@lhd?ﬁné uie 424 LhIQUIROLRS: RaRO ﬁﬁ&ﬂfgnﬁo

Thus, the cool air al d t ar S, war

external di schaPGEFAP ttseos@con[d%ESiA Gﬁﬁ‘ég%(g?ftstg‘? Secg‘i‘cﬁf’d’e‘?ﬁ’% chypper épQ and the
hot air dfé di ff\’éh@rthe hoteindssbhgot fhen tienopresbe 2€) istitedesdiehnagh tik schar ge
part 300 col | eghbigquehfie&RRlpoR the 80t tshErs Iﬂc?f“oteﬁé In tﬁ@&c&tcﬁ&hﬂ'&ﬁigr%?i% 0 hat

constant pr ess%e to'the ou&@l de t r ﬁue W n
are spaced a cofSPRI PSP hs S3Py I‘ch?thlﬁtlé‘]?‘”559 Qﬁ“}"sylmt}\%‘fé‘hs}taﬂ% adol air
havi ng a hi gh Fheéswmn:eutgmrltamgbwephsﬁeehattqhskmdagems tnswidth]likd the firsohiat i on fan

310 rotates t Od%{éedfh@ﬁt%etsmk’fﬂg tth B&edllt ﬂﬁf}tb\nnﬁtahé ﬂt%@ﬁlghgﬁn\pﬁh aﬁﬁ]‘]% gaving a

| ow pressure to L # py si nce
t he di scharge 83(‘}6 Hfa SPargr g'aﬁdPauyr?GF%?tﬁﬁ alﬁ%theﬁqa“%ﬂleé%?mﬁlo@‘ll% Yfeater
t han that of acwimglyempispee afd idpyriddsrincltdedtin the hoodir athysotealo awallor only

hot air, the effif.cé6nhY sQbnd Be oy HEMEL: 508, dnTREPHES o the moisture discharging
part 130 by gravity.



[60] The air storage tank tenmporarily stores diy air discharged fromthe
external discharge part 300 to control the driving of the conpressor
according to the anmobunt of used dry air,? thus preventi ng power consunption

due to unnecessabys7ai ving of the conpressor. [61] That pcgksh®ReR7Pr essure
sensing part, detecting the maxi num and m ni num set pressures in the air
storage tank, detects the maxi num pressure, a solenoid valve is closed to

shut of f aiy) lntc&d%%cmgéaﬁé}ﬁa@lfﬁs@mmgm@mheﬁi@ﬂalﬁalw tc%%yédxy a
control rrerrber t‘lgjr ns the co he pressure

res
sensing part def ‘E*‘[@X‘E}WBE‘W] nﬁ?ﬁﬂﬁ?‘bﬁ’e@%ﬁﬁc@ 1‘h‘é‘80§’6’1gé‘}¥da]6y§/19 ng}b‘h‘épened to
i ntroduce air istedtiiéA aibe 58¢. dhagehd @nkyir addhsharalrtendobspsd, at wancontas ol
menber turns thﬁeg,g&gm%@@% Qﬁlalti(f@,Z] A nunber of exerrpl ary enbodi nents have
been descrd 9ﬁed a,%)ve at .vari ous
0

nodi £ i cat b GrieDSHE BOSOT SR and e Wt e 18 iR B0 B R i e P et 1 ¢
t he descri bed tté%Wﬁﬁlq@é%SChm@e pret 308roeBerts the gpcd ki et @ahoigihed disnltrges thefn

conponents in aateeslq:s&anbﬁdssm&b@moualidéhmb ﬁﬁHtHé smlcfdlew;ﬁge alﬁeipth@%éﬁ aBée
conbined in a di enent other

e
conponents or t Cé’f]?talgt%ﬁslt%l gﬂ’flseac jite ed'r@f o] ‘(}’Ee“otg‘f‘l%?o féheh EIPP "are
Wi thin the SCopobdlyphtes thlel“@wwngéllhﬁhmslotallwdt&i;tt?:dﬂmtatﬁqol}glgﬂmm sucﬂcyag[ 63]

Ac fcor di ng : 0 t hercB RS Sifthcd MY aBL anqmvmfgranmal remse f%,fxi‘at&m&ynﬁllxxh@uﬁaﬂt; ;\af?tﬁ a;m t lhout
refrigeran nt/cantro
appl i ances, pomﬁgfp‘mggé?ﬁ h15°‘$‘i‘q%f“a§”‘%§rf§h’ﬂfﬁ&‘i & fibﬁnﬁi’d‘r‘gﬁfit "élawg%ﬁ?lé‘é‘tl? ng
fields. [ 64] Pegreates thaarthay of apipkle expe iobay arothpriewnfeniycobl al aoniyitor aibghe

diversified. | I’bfﬁ@&k&l{)pﬂhe dﬁra@yeagsrlmg{o\(,@([ will be WI deI y and actively applied
[ tic processes pi cal

pai nt  n. (B} eci SR NP FeRg o R P dhr oI R TR PP PHEBR FBEY o
mat eri al transpertt300 powdér] thadmtingnef, thpeeuirssopacdrdig yo g amdOtWhased dry
2010/ 047490PCT. /ahsl%a%%b&%g Fwéd ceﬁs%mp%sm&&e%ﬁécegsa@lo@ﬁw Q)@'z}fé HBYIERS.
medi ci ne LtﬂFUSt rjé\g? ‘Iaf‘@ recise. in aus ries, g enmcal i u]sngr I es, nedical
i ndustries,’ opt i caf i Wofli< i é‘é’ P51 PR cstec PR be Mty e Ilimy A%y

pressures in the air storage tank, detects the maximum pressure, a solenoid valve is

closed to shut off air introduced into the air storage tank, and simultaneously, a control

member turns the compressor off. On the contrary, when the pressure sensing part

detects the minimum pressure, the solenoid valve is opened to introduce air into the air

storage tank, and simultaneously, the control member turns the compressor on.

[62] A number of exemplary embodiments have been described above. Nevertheless, it

will be understood that various modifications may be made. For example, suitable

results may be achieved if the described techniques are performed in a different order

and/or if components in a described system, architecture, device, or circuit are

combined in a different manner and/or replaced or supplemented by other components

or their equivalents. Accordingly, other implementations are within the scope of the

following claims.

Industrial Applicability

[63] According to the present invention, dry air is efficiently supplied without refrigerant,
which may be applied fo medical fields, measurement/control appliances, powder
coating fields, pneumatic fields, and sand blasting fields.

[64] Particularly, applications to pneumatic fields will be diversified. In addition, the air
dryer will be widely and actively applied 1o machine tools, pneumatic and air
cylinders, automatic processes, typical painting, precise painting, measurement fa-
cilities, fiber industries, raw material fransport, powder painting, precise part drying



11 [ CLAIMS ] [CGaiml1l] An air dryer conprising: a conpressor; an air
dryi ng chanber rotating conpressed air supplied fromthe conpressor to
remove noisture fromthe conpressed air185ing Coanda effect and dry the
conpressed awo,20mnar4si mul t aneously to accel erate and di sghag@Rod s
conpressed air; a vortex tube dividing the dried and conpressed air,

di scharged fromthe air drying chanber, into cool air and hot air, and

di schar gi ng t he lia@otergéandanst ddegokiotieadds,; mad@nAnd@xiEr Lﬂ@ﬁ;ﬁﬁbﬁ@ﬁ@ﬁﬁ%sne nber

col lecting the i ~ i o .the drj .cool, ai.r,.di,schar.ged om t he
vortex tube ang&%@%%ﬂg&a?%%n@ﬁ%md?ﬁggwﬁggmélPdg% Stﬁ@dﬁ}ﬁgﬂghggL%ﬁF?'at a
const ant dﬁghsure to the outside. [Caim2] The air dryer of claiml1,
wherein the air drying chanber conprises: an air discharging tube inducing
the rotated and conpressed air to the vortex tube to discharge the
conpressed air; a spiral ethylene vinyl acetate copol yner (EVA) tube
surroundi ng the air discharging tube to discharge cool air fromthe vortex
tube to the external discharge nenber; and a noisture di schargi ng nmenber

di schargi ng noisture renoved fromthe conpressed air to the outside. [Caim
3] The air dryer of claim2, wherein the air discharging tube conprises: a
nmetal nmesh primarily cooling noved and conpressed air with cool air of the
EVA t ube;



a spiral cooling coil disposed in the netal nesh to secondarily cool the
primarily cooled air. [Caimd4] The air dryer of claim1, wherein the air
dryi ng chanber has a cylindrical upper qortipn provided with an oblique

i njection port through which conpressed air is injected, and a cone-shaped
| ower portion increasing a rotation speed of conpressed air. [Caimb5] The
air dryer of claim1, wherein the vortex tube conprises: a connection pipe
di vi di ng [@kABdfpressed air into hot air and cool air and separately

di schar gi t he,hot air and the cool air; a cooing fin cooling the
separ at el 69‘81 aarged hot air; and an adjustnent val ve adjusting an anount

of the hah agidiydiceghasged fromthe connection pipe to the external
di scharge nmenber. 12 [Claim®6] The air dryer of claim1l, wherein the

external - 1 S€R& fe menber conprises a rotation fan that includes a
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an external discharge member collecting the dried hot air and the dried cool air, discharged
from the vortex tube, and discharging the dried hot air and the dried cool air at a constant
pressure to the outside.
[Claim 2]}
The air dryer of claim 1, wherein the air drying chamber comprises:
an air discharging tube inducing the rotated and compressed air to the vortex tube to
discharge the compressed air;
a spiral ethylene vinyl acetate copolymer (EVA) tube surrounding the air discharging tube to
discharge cool air from the vortex tube to the external discharge member; and
a moisture discharging member discharging moisture removed from the compressed air to the
outside.
[Claim 3]
The air dryer of claim 2, wherein the air discharging tube comprises:
a metal mesh primarily cooling moved and compressed air with cool air of the EVA tube;
a spiral cooling coil disposed in the metal mesh to secondarily cool the primarily cooled air.
[Claim 4]
The air dryer of claim 1, wherein the air drying chamber has a cylindrical upper portion
provided with an oblique injection port through which compressed air is injected, and a cone-
shaped lower portion increasing a rotation speed of compressed air.
[Claim 5]
The air dryer of claim 1, wherein the vortex tube comprises: ,
a connection pipe dividing the compressed air into hot air and cool air and separately
discharging the hot air and the cool air;
a cooing fin cooling the separately discharged hot air; and
an adjustment valve adjusting an amount of the hot air discharged from the connection pipe
to the external discharge member.



a sol enoid val ve adjusting an amount of air introduced into the air storage
tank according to pressure variation of the stored dry air; and a control
menber controlling driving on/off of the conpressor accordlng to sensed
pressure in the air storage tank. [Clai'™m 9] An air dryer conprising: a
conpressor; a first air drying chanber rotating conpressed air supplied
fromthe conpressor to renove noisture fromthe conpressed air using Coanda
effect and primarily dry the conpressed air, and simnultaneously, to
acceleragﬁjand di scharge the conpressed air; a vortex tube dividing the
dried an é essed air, discharged fromthe first air drying chanber,
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t he accel Al hot air together with the cool air discharged fromthe
vortex tube; ‘and an external discharge nenber collecting the dried hot air
and t he Tdeiagdirgaalf ciim, 1, dislerangedsihg amatrhorsgeciank thait tentporinily sehendrgrair and

dischargﬁgg?ggpﬁ? tﬁgeﬁ%%TPQﬁdﬁﬁg”kgﬁbgr'Ed cool air at a constant pressure

to the ryer of claim9, wherein the first air
drying ch&inbars] conprises: a first air discharging tube inducing the rotated

and COMRNESRAH, Aok chiin DAL B iRl sERREGS the compressed air
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to the gg&ond air drying chanber; and

a solenoid valve adjusting an amount of air introduced into the air storage tank according to
pressure variation of the stored dry air; and
a control member controlling driving on/off of the compressor according to sensed pressure
in the air storage tank.

[Claim 9]
An air dryer comprising:
a CoMmpressor;
a first air drying chamber rotating compressed air supplied from the compressor to remove
moisture from the compressed air using Coanda effect and primarily dry the compressed air,
and simultaneously, to accelerate and discharge the compressed air;
a vortex tube dividing the dried and compressed air, discharged from the first air drying
chamber, into cool air and hot air, and discharging the cool air and the hot air;
a second air drying chamber rotating the hot air discharged from the vortex tube to remove
moisture from the hot air using the Coanda effect and secondarily dry the hot air, and to
accelerate the hot air and discharge the accelerated hot air together with the cool air
discharged from the vortex tube; and
an external discharge member collecting the dried hot air and the dried cool air, discharged
from the second air drying chamber, and discharging the dried hot air and the dried cool air at
a constant pressure to the outside.

[Claim 10]
The air dryer of claim 9, wherein the first air drying chamber comprises:
a first air discharging tube inducing the rotated and compressed air to the vortex tube to
discharge the compressed air;
a spiral first ethylene vinyl acetate copolymer (EVA) tube surrounding the first air



a first noisture discharging nmenber primarily discharging noisture, renoved
fromthe conpressed air, to the outside. [Caim1l] The air dryer of claim
9, wherein the second air drying chanber conprises: a second air

di schargi ng tube inducing the rotated Adt air to the external di schar ge
menber to discharge the hot air; a spiral second EVA tube surrounding the
second air discharging tube to di scharge cool air fromthe first air drying
chanmber dischhiptgesbe tindibcldigecdvat gie froanthervoran tite 16 eleosdonbhis diwigy chagdas gi ng
nmenber sggondarily di scharging noisture, renmoved fromthe hot air, to the
outside. [Caim12] The air dryer of claim 10, wherein the first a| r

di schar gi E@ttm%tmrﬁmﬁh@@mg memben | primsgihy phscmngnigynmunengeimwldfmmd the

conpr ess@ehpddskedit, Iib%%ts@der of the first EVA tube; a spiral cooling coil
di sposed ,in the netal mesh to secondarily cool the primarily cooled air.

[Caim 15]c apel 1dj r dryer of claim9, wherein the first and second air
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val ve adj usting an anount ai'r arge e tonnection pipe to
the ext 8Phalh tafiecniyére menber .

[Claim 12]
The air dryer of claim 10, wherein the first air discharging tube comprises:
a metal mesh primarily cooling moved and compressed air with cool air of the first EVA tube;
a spiral cooling coil disposed in the metal mesh to secondarily cool the primarily cooled air.

[Claim 13]
The air dryer of claim 9, wherein the first and second air drying chambers each has a
cylindrical upper portion provided with an obligque injection port through which air is injected,
and a cone-shaped lower portion increasing a rotation speed of compressed air.

{Claim 14]
The air dryer of claim 9, wherein the first and second air drying chambers move cool air
through first and second EVA tubes connected to each other.

[Claim 15]
The air dryer of claim 9, wherein the vortex tube comprises:
a connection pipe dividing the compressed air into hot air and cool air and separately
discharging the hot air and the cool air; and
an adjustment valve adjusting an amount of hot air discharged from the connection pipe to
the external discharge member.

[Claim 16]
The air dryer of claim 9, wherein the external discharge member comprises a rotation fan that
includes a plurality of oblique wing parts spaced a constant distance from each other to
collect hot air and cool air different from each other in pressure.

[Claim 17]

The air dryer of claim 9, further comprising an air storage tank that temporarily stores dry air



[Claim16] The air dryer of claim9, wherein the external discharge nmenber
conprises a rotation fan that includes a plurality of oblique wing parts
spaced a constant di stance from each other to collect hot air and cool air
different fromeach other in pressure. 1f‘(:i aim17] The air dryer of claim9,
further conprising an air storage tank that tenporarily stores dry air 14
di scharged fromthe external discharge nenber. [Caim 18] The air dryer of
cl ai m 17discifaegedifront the catoing dchgge h@ifbegonpri ses: a pressure sensing nenber
detecting(gaxiggﬂland m ni nrum set pressures in the air storage tank; a
solenoid justing an amount of air introduced into the air storage
tank accbhadiingrybooful@ssLE, evheadin atelmmtagéiaﬁka@zﬁpﬂgksdry air; and a control
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spiral cooling coi mesh to secon y €00
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a control member controlling driving on/off of the compressor according to sensed pressure
in the air storage tank.

[Claim 19])

The air dryer of claim 11, wherein the second air discharging tube comprises:
a metal mesh primarily cooling moved and compressed air with cool air of the second EVA
tube;

a spiral cooling coil disposed in the metal mesh to secondarily cool the primarily cooled air.



