f ~—~ V H 1 ANNEX 2 00203741 -4 COLD AIR Fl STEM AND
TURBORXPANDER TURBI NE FOR THI S SYSTEM 5 TecC M|cuﬁﬁ§425g?%he present .
invention relates in cooling systens, especially aif coo

‘turbo wheel of the turbo expander 10 Background Arf CoQ
802740) conprising conpressor connected with t ur bp AGNINE
heat exchanger, cooling chanber and additional supe e ed
between the heat-exchanger and cooling chanber. 15 Said deV|ce needs heat

exchanger cooling systemas the ai r terrper ature in the DB 0f3thd, 1 -4

neroasing total  poid Soeairtpive SysAED] S5D EORBaTANDEB ¢ i< some

anount of water steamit mayryreINE PORNEHIS ST of the nozzle and
wor king grate of the turbo expander. 20 The cl osest solution to the

applied is the air cooling device (SU, A  1290040) conprising conpressor
and turbo,expander both mounted in-fhes gﬁgm shaft together with the
regeneratlve heat - exchanger and cool1ng chamber with both fan and air
cool er mounted inside. Said device has |imted paraneters of cooling
chanmber tenperature re Jat % a freeze rod ct|V|ty and
econony. A turbou&hggf F %Vda ff% Sggénsesecwl ?f%PHR e%rlng di sk
W th bIadesmahddmnﬂeehﬂh&dmboamaMSanade by neans of the nearest bl ades’
sides conjugated with neridian di sk surface by neans of flutes, said
surface contain longitudinal mcro canals with cross sections appearing as
a part ofjpa circle. 30 Wil e worki mgckgioundmdi ti ons of humd air with
negative work tenperatures in the turbine flomjng part and on the surface
?rl I E}[ Iet- 9228558,‘?”6&00119]‘ E: YQJ k}\ng02]7 b) comprlsmg clolmlplrelsso~r~c~oﬁr7ecteldl\chI Tl
turbo expander by means of heat exchanger, cooling chamber and additional

supercharger mounted between the heat-exchanger and cooling chamber.

15 Said device needs heat exchanger cooling system as the air temperature in the
output of the compressor is high enough (about 120 — 140 degrees Celsius) thus
increasing total power used by the cooling device. Besides if there is some amount
of water steam it may lead to the freezing of the nozzle and working grate of the
turbo expander.

20 The closest solution to the applied is the air cooling device (SU, A,
1290040) comprising compressor and turbo expander both mounted in the same
shaft together with the regenerative heat-exchanger and cooling chamber with both
fan and air cooler mounted inside.

Said device has limited parameters of cooling chamber temperature regulation

25 along with weak freeze productivity and economy.

A turbo wheel (SU, Al, 059217) is known comprising bearing disk with
blades and inter blade canals made by means of the nearest blades’ sides
conjugated with meridian disk surface by means of flutes, said surface contain
longitudinal micro canals with cross sections appearing as a part of a circle.

30 While working in conditions of humid air with negative work temperatures

in the turbine flowing part and on the surface of inter blade canals of the working
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11 rreerererrerererrerrrerrrrrrrrrrt *@0001 * 2 wheel in particular, it
may lead to the ice filmeffect. Besides said turbine wheel provokes
considerable hydro | osses. Disclosure of the Invention 5 The principal

‘obj ect of the invention is the creation of an air cooling device providing
the primarily air tenperature decrease in the device up to the surrounding
air dew point or 0O degrees C correspondjngly by neans of air vaporization
cooling and additional rarefy in the vaporizati on heat exchanger as 10 well
as turbine, turbo expander wheel of the said device the construction of

whi ch rovidin he device. permanent. work..in the conditions.of nojst air
and undgr t he wﬁeeeggént Pe{/rgc%laé’rrggn?a ﬁgard:té) tP%'CtC hl%gmferféetcatzgf §|d% SP'dctgaﬁ'?en‘éheﬁLvi ce
conpri ses conppresses coristderablie hgdroh@ads. exchanger, turbo expander with
turbi ne wheel, freezing chanber with both the first fan and air 15 cooler
mount ed i nside. According to the invention, said chanber is equipped wth

t he second fan being nounted on t hpisslesme shaé tnvepat her with turbo
expander, double cavity heat exchanger and the first noist separator. The
first heal exchanger appears as double cavity and the first cavity of the

vapori zation heat ephehaR@p4l.objeti dfhe iMDénsibn KOPEEREDN of b B QoS MpBHEs , ai T
cool er and the second cavity of the first 20 heat exchanger are connected

consequent | y tROVIHBE] HisuPrighrily nair clsmpsravesodecragse s dheomeyithe upotbItee cavity

vapori zati on hgabufisd aR9&w ipdink N @iedé'%&@s COtbRspshadlglyo vy Hems easdipg the
tenperature of the feeding air up to the dew point ténperature of the
surroundi ng ai Yaporiagien jcgolingpndeadditignad rarefy inhibe yaparizetingi irgt exchangeeaper at ur e

i's about 50 dgar 8e&Hndfidbd tss‘paﬁ@ér%w%fw%ﬁi&emcéﬁqeac*aﬂwucé& PalnigENt . 25

the air in the vaporization heat exchanger decreaseds Its tenperature to
about +36 degpreeding thajigviiagi peymaneptawerk an theedeaditions gfosgstiireand ainderrtbs der at el y

dry the nmoist ail.. .fiefd.d Q.08 hfL9.Meel of the turbo expander. For
constant mai nt effance of the air vapori zation cooling process it is

necessary that the Adevo@dmgsieoigt dobpriesedppessoni thé fivehtheat dxalmngeonmect ed wit h
the expander with turbine wheel, freezing chamber with both the first fan and air
15 cooler mounted inside. According to the invention, said chamber is equipped with
the second fan being mounted on the same shaft together with turbo expander,
double cavity heat exchanger and the first moist separator. The first heat exchanger
appears as double cavity and the first cavity of the vaporization heat exchanger,
first moist separator, turbo expander, air cooler and the second cavity of the first
20 heat exchanger are connected consequently to the input of the compressor. |
The use of the double cavity vaporization heat exchanger in the device
offered allows decreasing the temperature of the feeding air up to the dew point
temperature of the surrounding air. That is, for example, if the surrounding air
temperature is about +50 degrees C and the relative humidity is about 40 per cent,
25 the air in the vaporization heat exchanger decrease4s its temperature to about +36
degrees C. Humidity separator makes it possible to considerately dry the moist air
fed to the turbo wheel of the turbo expander.
For constant maintenance of the air vaporization cooling process it is

necessary that the device should be equipped with water tank connected with the

30 second cavity of the vaporization heat exchanger.



30 second cavity of the vaporization heat exchanger. 3 To intensify the
process of both air vaporization cooling and create additional rarefying
both the input and output of the second cavity of the vaporization heat
“‘exchanger are connected with the atnosphere by neans of the second fan. 5
The device may conprise ejector, the first regul ated val ve and the second
noi st separator, the passive nozzle of ¢jector being connected with the

at nrosphere by nmeans of both the second cavity of the vaporization heat
exchanger and the first regulated valve, the active nozzte of the ejector

bei ng connected the.second. fan input. Al these neasures allaqw rarefying
"h e sacond cavi tip STty B8kl S o' ePrERERaGTPE et

addi tional |y i sddaskll yirefjing hbotpre easut odndv agpiiti RtthedBecond | davigy offthé he

at nosphere air which, Iﬁlads to consi derabl(f :ﬂtﬁdg‘ge of its te er%ttyre. To
i ncrease freezVRGTFAIGHHER SKFhaPediare RRMMESIEY i JBuAMoshlere by aans f e
feeding air pregsirfan ncrease into turbo expander is possible. For this

pur pose said system conprises the third fan, both inpput and output of the
second cavity of 15hGalsuice MmayicmPHsatiectore harilse re@ilaig valvmend: B seeond, t he

at nosphere by gean&p&hior,ie pdshive RoZRMbf ejtb@r Eéﬁ?é’tﬂm@@éﬂ WiPHE atrSospRipIECt ed
with the conpressor output, the second fan output is connected with the

vapori zati on heameassohbei§dhe serangicavinafitye yappiizatiorheat syehanger arsthe Erstqui pped
W ih the secondaandy aget ik Lehiflouhl @ dramuLalisdheBl ieal el by ERVI LY of
t he heat excha.néer el ng connected with the second cavity 20 of the first
heat exchanger ingwid Adlghgse eneasures aljowt raredying inhibe sesonth davivgiof ghecaporigatiend Wi t h
t he at nosphere t ha: : : LSt [V third
noat - exananger et AR thus (iRl MenRine BF ohdekS or A odellf 2 0,
heat exchanger of thtv@miokphesadrontdcH ladsootguaiderableirédace diatsseppanatuies connect ed

with the atnosphere.b nmeans of the fifth.fan. The ond r | at ed val ve
i s being nounted biomgnéﬁea?%ge%gcBrr?g?célg%rOfitﬁepS Steénnégcglﬁ?nﬁﬂY.a%?#ofth?s case
bot h t he seconftetiegtir prshan pereagndtottiudo ekpundérhis passibihea Fobwhisysiegbsa said

CO L oneT Rl B0 90 L 2T SR Rt SO % D o o1 o
exchangens t hevaportdiioh&eat eactdngdkeiidcandedna sith gepanedpbere by ecahd ofsthe cavi ty
of the fourth tr?ner tfane.)i“ﬁé1 ?e'g n% farl? 1enip99is connected with the compressor output, the second
fan output is connected with the vaporization heat exchanger first cavity input.
The system may be equipped with the second and the third double regulated
valve, the first cavity of the heat exchanger being connected with the second cavity
20 of the first heat exchanger and compressor input, and the second being connected
with the atmosphere by means of the fourth fan, the first cavity of the third heat
exchanger being connected with the first cavity of the vaporization heat exchanger
and the second fan output, while the second is connected with the atmosphere by
means of the fifth fan. The second regulated valve is being mounted between the
25 compressor input and output. In this case both the second heat exchanger and the
fourth fan may be used as a conditioner.
For additionally air cooling and drying inside the system said device is
additionally equipped with the fourth double cavity heat exchanger, the sixth fan
.and the third moist separator, the first cavity of the fourth heat exchanger being

30 connected with compressor output and by means of the t6hird moist separator with



30 connected 'with conpressor output and by neans of the t6hird noist
separator with 4 the second fan input, while the second cavity being
connected with the atnosphere by neans of the sixth fan. To provide
‘efficient work of the device under conditions of negative tenperatures

W t hout noisture freezing on its elements said device is equipped 5 wth
the first adsorbing noist separator, thg first receiver, the third and
fourth regul ated val ves, the first and the second reverse val ves, both the
first reverse valve and the first adsorbing noist separator being nounted

i n sequence between e first . cavit f vaporization heat exchanger and
the first cavi 6 cgp (g i yniiedy *dndnigBone PRutB e GHURDS noans
of the first recaeangbfthéBixtiefah.he fourth 10 regul ated val ve is connected

between the first reverse, val.ve and first ads rbingﬁogﬁi t se?arator,

th
the conpressor input® PEVEAFIIFSHa PP 8gﬁm%9?@ﬂaﬂP‘ﬁ‘PH IpFEYe by

means of the t@imperafuegulitidRe monue freefihg ontikeclémdntd sdi€devivels éqguippe@nnect ed
wi th the atnosphere 8§ ngans of the second rgverse,valve conpr essor
R S ddsprty prth

. . The
out put of Sthe BHBY B RISt 5EPAERIRN dher BESt Fgeeiyer e thind and,

vapori zation hggflaR¥ 0516&?% fBA¥hd the séddfd FQWE RaIVBYbdAL tHe Firdl GeveiibivRIREd
additionally with the fifth double cavity along wth heat exchanger and t he
1

seventh fan. aKehg fipssadserpinenpoigsenaporhengnayated insegnense betwee thefisbnnect ed

wi th both conpf&ssar vadtiPition gt CRERREF AddOTheNERE EUENBRARE ikl fdar CAVI LY
whil e the second " being connected wth the atnosphere by neans of the

seventh fan. |exchaigsr, cameresive ougpt disvmesss iof thebfiest reseivamp| Whignthet fourtle| ose
cycle wi tlg' t here@ttll?tﬁé 99% %n%hrgeéfeg%gf\%gn th-ghﬁstqg\)éks%%afvg aﬁd:]mew&(1ﬂ%’&gl§]n%t he

second receiver, the seco sorbing noist separator, the th nd t he
fourth rever semoial separatbhethei £orhpresshie igputt Is additiordly sennediech widyuhat ed

val ves, the si ﬁ@gfﬂ’h%rg:uhgtrﬁeqnsv glv Yie E?Jdngglgi?t'é@tv%ﬂreb Why}@qpe tﬁps? ret.se?\%?qg cavity

and the first exchanger bei ng conn ed w th conpressor 1 nput” 25 by
means of bot h ¢amuedidd wighvibe senospliewebyanehnt hethe sscombreagtssovabieng noi st

Second adsorbing. - muFSDTOisat atr aRuEPRE R EY FRVEF S TRFTS By eans. of
t he thirdsrevefise vatdriz_et,ion athmmbMy, ahved deviee fmafyt be beiggl auegedal ve.
R TR S I T
fan. The first cavity of the fifth heat exchanger being connected with both
compressor output and vaporization heat exchanger first cavity while the second
being connected with the atmosphere by means of the seventh fan. In this case the
20 device is able to implement the close cycle with the atmosphere air feeding.
The device is equipped with the second receiver, the second adsorbing
moist separator, the third and the fourth reverse valves, the fifth, the sixth and the
seventh regulated valves, the sixth regulated valve being mounted between the
second cavity and the first heat exchanger being connected with compressor input
25 by means of both fourth reverse valve and the second adsorbing moist separator.
The compressor output is additionally connected between the second adsorbing
moist separator and the fourth reverse valve by means of the third reverse valve,
second receiver and the fifth regulated valve. The compressor output is additionally
connected between the second adsorbing moist separator and the fourth reverse
30 valve by means of the third reverse valve, second receiver and the fifth regulating

valve, while compressor output is additionally connected with the atmosphere by



30 valve by rneans of the third reverse valve, second receiver and the fifth
regul ating valve, while conpressor output is additionally connected with
the atnosphere by 5 neans of the seventh regulated valve. Due to this
effect an extra noist exclusion is provided. To decrease considerately the
noi se | evel said device conprises the eighth and the ninth fans along with
doubl e cavity heat exchanger, the second cavity of 5 the vaporization heat
exchanger being connected with the atnosphere by neans of the eighth fan.
The first cavity of the sixth heat exchanger is connected with both i nput

and output of the second fan ile the secgnd cavity is connected with the
at nosphere by WS%SO? esteheé'ﬂhfe Wtﬁte? 5?11?'&%?5?%@\'/% ecfge(:trfan?y&g%mé)ésuf’bcp‘és' "Wth the
fourth noi st sppaidad.or and freeze 10 accunulator, both being nounted in

sequence between t urbo expande nd ai cool er. Such.constr.uction
provi des | ow terrpepg‘{ a?céeaﬁeaf(f??@ﬁrﬁ?‘?bet,%e noee Eeivf:ll BURTRVIcF SROPriSSE Ui t@i nme open
front door of adietht meRRiEHG afh@riaer doublRecal s Keab ekchampér,iRe s@biEchvity offeans  of

t he equi prrent of the air cooling device conprising conpressor and_the
turbo expander thiivePPriZREon hfaberraangreRane 4paperted MthyEF ARNaTBft BUYMEHSOhe same

shaft, freezer nuiddhit ha. The fist Aty dPthe@inth SR kLdhaiiy i @fndcRsi Wigh bdth
accordance with the invention, wth double cavity vaporizatiaon heat

exchanger bei n§PEn#detvint 68 theseepsd diptb whulg itheysegond cayipisroprgeted ity the of t he

vapori zation hgafossherd¥WNAEhs 8f ROHinM faft the first noist separator, turbo
expander, air cooler and the second cavity of the first heat exchanger are

connected with the Tizodevinepneys s eauippsdt with theelqueh eeoist sgpargier andcBprdcway of
i ts inpl egentabiQpulpe, t%\-/b&ﬁ% FRYnEE irE YL dNPE BetWedrthe 10 &alidd: 3Rd aif N

second cavity of the vaporization heat exchanger being connected wth the
at nospher e by pesdersSush construpiéanprpeifes [aw denapopatere mndierigacee feip perdlitigng h t he

7"" heat eXChagggégﬁﬂgoé‘eglefr(%ll'Hgbrfoiiglgtﬁ%%%%&{aﬁﬁ)ergaVi ty of the 7th heat

exchanger bei ng connected wth conpressor output and the first
cavity of the vaporTiratasioset magde selvehhngeans dhtbe seuwpment odivhet air caliognnect ed

with the atnosphere by .neans of th 1 f an, i evice b qui pped
with the water H?Vé‘h Coﬂé‘ 'ﬁ'ﬁg frounted i t% élpboseé( %"ﬁ]gﬁvé/gl\‘/ﬁ}ew%{‘net eeli/goﬁgri zation
heat exchanger beiBgsgiodetsd bt thvesgme olmft; ifrsezebwith theHgst fan and air cooler mounted

inside, in accordance with the invention, with double cavity vaporization heat

exchanger being implemented as double cavity one. The first cavity of the

vaporization heat exchanger along with the first moist separator, turbo expander,

air cooler and the second cavity of the first heat exchanger are connected with the
20 compressor input in sequence.

As the second way of its implementation the device may be equipped with
the 10™ fan. The second cavity of the vaporization heat exchanger being connected
with the atmosphere by means of the 10" fan. The device may be equipped with the
7" heat exchanger and the 1 1" fan, the first cavity of the 7™ heat exchanger being

25 connected with both the compressor output and the first cavity of the vaporization
heat exchanger. The second cavity is connected with the atmosphere by means of
the 11" fan. Said device may be equipped with the water tank being mounted in the
second cavity of the vaporization heat exchanger. Besides it may comprise both the
4™ moist separator and freezer accumulator being mounted in sequence between the

30 turbo expander and the air cooler. The device comprises the g regulated valve, the



4t h noi st separator and freezer accunul ator being nounted in sequence
between the 30 turbo expander and the air cooler. The device conprises the
8th regul ated valve, the 6 conpressor input being additionally connected
'with the atnosphere by neans of the 8 h regul ated valve. The formation of
the electric engine together wwth turbo expander and electric conpressor
may be nounted on the sane shaft along ypmth the turbo 5 expander and the
conpressor. Said engi ne conprises the body containing turbo expander,

el ectric engine and the conpressor, electric engine rotor being

i npl enented as_turbine and conpressi,on wheel s nounted cantil everl|y.the
shaf b mount eI gRd AT e TR R B IR R T HE B Rt MR bear i ng
and the el ectthé 8" esngiared valeeng connected with the restart canal conpressor
entry. Regul ated 1Q.throttl e be being.nmounted inside the said restart
canal - Such i emehEaPT BB T R & ey g o e X P Spake fad
conpressor al | avsrid Remp@SsIoN @ndynbee GROMEY oanthe same fshefe zéongr @ilkiahd wirby of t he
devi ce. Nbunted,tﬁfk q?ﬁ}b sol ved q¥ means of.turFige wheel. .co i si ng
bearing di sk WPEHCE AR BICaREPTENY- PR P SIF £ARPEENANS ?%?Oé‘FPé'HP%gB{B means
of the side l&psandef,acretriof edgnie Rea@r®st cdmpreiesr, baddng: eagine gdte@dbsihg h

neridi an surface of the disk by nmeans of the flutes. The neridinal surface
of the di sk coftPmaiadasgiuf | CORREFSSion Hfiesls meynfed Wa@ger@e@f‘isg?ﬁ as a

part of the cifglfed INbAGRRT dBOCHIM Beiwdeihd BYRPHEdsONwWhéEABeatfgOdndithe sai d
mcro canal cross section is about 0.1 - 1.0 of the flute radius, the

pi tch between ¢lefdricefigiesbeing Gopnected vutht the Festaisanal PBPEEBFENY: Reswlated whi | e

the canal, 20 fgji@hay B GUHY QHIARLiRlYe He &id redtal c@al [d1E T ALRenERBA LS CT 0SS
section radius. Turbine wheel 1nplemented accordingly to the invention

al I'ows rai si ngthp turbo exfandsreaand yhe gledtiiecdnnrenser allawe diveiabing irs cepgomigfand as

| owering hydr o, |RSSE5 0%t hPevicst ream di sturbance reduce in the inter
bl ade canal . ng%heqﬁgscfﬂ t1on of the drawi ngs The invention offered is

illustrated with t Rdountahtpikesaydfy sofved byrpieensentiterbine wheelsdmgrising brgsingt t ached.
dovi co vari ant 9ot i B phss U Tpuc Ol SHBRRAb B0lindhs Bl ile 0P 1

t he ej ectior surfaces of the nearest blades being conjugated with meridian surface of the disk by

means of the flutes. The meridinal surface of the disk contains longitudinal micro

canals with cross section as a part of the circle. In accordance with the invention

radius of the said micro canal cross section is about 0.1 — 1.0 of the flute radius, the

pitch between the canals is not more than two micro canals radiuses while the canal

20 height is approximately 0.2 — 1.0 of the micro canal cross section radius.
Turbine wheel implemented accordingly to the invention allows raising its
efficiency in ice formation conditions as well as lowering hydro losses by means of

stream disturbance reduce in the inter blade canal.
25 The description of the drawings

The invention offered is illustrated with the examples of its implementation
and drawings attached. On these drawings:
Fig. | illustrates the scheme of one of the air cooling device variants;

30 Fig. 2 illustrates the cooling device together with the ejector



<7 Fig. 3 illustrates the cooling device with one of the ways of fan

connection to the.vaporization heat exchanger; Fig.4 illustrates the
air-cooling device with the group of additional heat exchangers and fans;
"5 Fig.5 illustrates one of the variants of the air cooling device equi pped

Wi th adsorbing noist separator, receiver and regul ated valves; Fig. 6
illustrates the other variant of the coeling device equipped with

adsor bi ng noi st separator, receiver and regul ated valves; Fig.7 illustrates
cooling device with a closed work circle of the fan 10 connected with

turbo expander; Fig..8 jllustrates air cooli.ng device with_ the tur.bo
expander and el ect %i"% 3 '(l:lgslr‘#f&eég}téeocro;()ﬂﬁ 8e.w ‘?"ﬂ]g%nseto\rfélfeevé/a S(S’E&mtcl?ﬂf‘??gfm cut of
the turbo expatndk vapndzagioe béat exchaggenpr essor; 15 Fig. 10 illustrates the

| ongi tudi nal cut of_..the turbo wheel; Fig, 11 illystrates.the.re r of the
Bl ne whael 1 nt orFibh aHisRER MO S ncline HsxSF it MRS RLpiRE R he

I nventi on 20 Taeehaigersaadkangg devi ce conprises conpressor 1(Fig.1),
regenerative doubl e.. ity heat changer .2, freezing chanber ith air
Cooror 4 Snd tho t died it S8 oS HERIE G Bls AR BTGRP RPIEY o 5
mount ed on it sa@bidg méTEsSparatSeRALIArand gudRUbhigescavi ty heat exchanger 9,
wat er tank 10 and tenperature indicator 11, The first cavity of the

vapori zation heat eX&h&riliiralgs the,gther varjant gf; they copling deyige caepRedeYthanger 2,

nDi st separ at ofds8rbidgUhd1&t sEpaPAGHREeiPor afd Feﬁﬁlﬁﬁheﬁlvés; and the second cavity of
t he heat exchanger Z2are connected with the conpressor input | in sequence.

The water tank 10 i §igcloftHstted copling daviceswith g cloggdi Mriofirglneot WadadRi zati on

heat exchgnger cSnecliBwiieR &patder;i ndi cator 11 is nounted inside the
freezing chanber 3. The input and output of the vaporization heat exchanger

30 second cavity 9 He-8 iluviiess taddcanling deree atithobprwpe eypandeasry electtime second
fan 7. 8 The dgyi&gopresented on Fig.2 is equipped with the ejector 12,

regul at ed
Fig. 9 illustrates longitudinal cut of the turbo expander and electric

compressor;
15 Fig. 10 illustrates the longitudinal cut of the turbo wheel;

Fig. 11 illustrates the reamer of the turbine wheel inter blade canals input
Best Method of carrying Out the Invention

20 The air cooling device comprises compressor 1(Fig.1), regenerative double
cavity heat exchanger 2, freezing chamber 3 with air cooler 4 and the fan 4
mounted inside, turbo expander 6 with the fan 7 mounted on its shaft, moist
separator 8, double cavity heat exchanger 9, water tank 10 and temperature
indicator 11. The first cavity of the vaporization heat exchanger 9, the first cavity

25 of the heat exchanger 2, moist separator 8, turbo expander 6, air cooler 4 and the
second cavity of the heat exchanger 2are connected with the compressor input 1 in
sequence. The water tank 10 is connected with the second cavity of the
vaporization heat exchanger 9. The temperature indicator 11 is mounted inside the
freezing chamber 3. The input and output of the vaporization heat exchanger

30 second cavity 9 are connected with the atmosphere by means of the second fan 7.



val ve 13 and noi st separator 14, the passive nozzle of the ejector 12 being
connected with the conpressor output 1, while ejector diffuser 12 being
connected wth the atnosphere by neans of both the second cavity of the
'vapori zati on heat 5 exchanger 9 and regul ating valve 13. The active nozzle
of the ejector 12 is connected with the conpressor output 1 and the
ejector diffuser 12 by neans of the npgst separator 14 is connected with
the fan input 7. The device on Fig 3 is equipped with the fan 15, both the
second cavity input and output of the vaporization heat exchange 9 being

connected with the 110,24t ?é’s?ﬁ‘t&? E%ﬁp%%a%ngq%? M‘ﬁmf n :Le%orgg fsegl@gtﬁ% i nput

is connected with the corrp essor ofjte ected
wi th the vaporvaat ildmndeabdist eopataeomgkl; tBe fpasss/e mravlbtqf IhlmﬁctorTfBBbdﬁyl ce nmay

P ok PRGBSl 1
exchanger cavi tith ﬂ& dmbqg\efechyne&tnedf bbth lthéd E@or&ﬁ%ﬂnﬂ ohﬁﬁtvagmiaﬁ.&gﬁéat 21ga}li ty
and the co ress The secon ity .of t t exchan i's
connect edsvn\})t he"tC %ngﬁrt %E’h&qgglamg N%lé{’ﬁg3 aH‘F tfyét"feaﬂozfge FE‘E’ fester 1 26{?“ ty of
the heat exchesngedtedlvith the cOmpREsoLButpartiinB@dejdche dfffdséﬁlzf’(@\&héa)is ef ht he

vapori zation heat exchglgder 9 and the fan 7 qutput, while the second

cavity of the FaistseB¥eR %?O“T?’t?bw%‘Tt}’ﬁfft"HéP‘%ﬁt7nDsphere by neans of the fan

19. The regul ating mldée.cb%nrmu@t@@qmpﬁédem%%@15n9&i’1 RN Qi Qyky Of the
conpressor 1. The device may be equi pped wth the double cavity heat

exchanger 21, VR andapnipy ofribe Minoseativaitplaexshas 9 ttiee Pommseted athtthe of t he
heat exch@-ngerat%%sﬂh%re B@Oﬁk%ﬁé oF e tehhy tlbe tHeOFRY ﬁsiﬁ;ﬁ.g il &Hﬁ&h@d ahd Eé/ means

of the noist separator I's 25 connect ed W t at nosphere. e device
illustrated byCOREEssOr| @ltlwulu gie damiortputa d 9o coringgfedronitht the epparizatdn hea,
receiver 25, rg@ng%gljglgrsy WEmpad and 27 and reverse val ves 28 and 29. The
reverse val ve 28 I'ng noi st separator 24 are nounted in sequence
bet ween the first cldwi dgviet mdye by apdslitionally cequippet veistc lanjer cjty clwapr essor 1

cutput, S0 Uyl SR PR OSSRk SHLTBCET Pl
i s addi tilonal | jeapexchanger cavity 16 being connected with the second heat exchanger 2 cavity
and the compressor 1 input. The second cavity of the heat exchanger 16 is
connected with the atmosphere by means of the fan 18, the first cavity of the heat
exchanger 17 is connected with both the first cavity of the vaporization heat
exchanger 9 and the fan 7 output, while the second cavity of the heat exchanger 17
20 with the atmosphere by means of the fan 19. The regulating valve is mounted
between both input and output of the compressor 1.

The device may be equipped with the double cavity heat exchanger 21, the
fan 22 and moist separator 23. The first cavity of the heat exchanger 21 is
connected with the compressor 1 output and by means of the moist separator 23 is

25 connected with the atmosphere.

The device illustrated by Fig.5 is equipped with adsorbing moist separator
24, receiver 25, regulating valves 26 and 27 and reverse valves 28 and 29. The
reverse valve 28 and adsorbing moist separator 24 are mounted in sequence
between the first cavity of the vaporization heat exchanger 2, compressor 1 output

30 through the receiver and regulating valve 27 is connected between the reverse

valve and adsorbing moist separator 24. The compressor 1 input is additionally



connected wi th the atnosphere by neans of the regulating valve 26, while
the receiver 25 is connected with the atnosphere by neans of the reverse
valve 29. In the device illustrated by Fig.6 the conpressor 1 output is
connected with the first cavity of the vaporization heat exchanger 9.

Besi des the device conprises 5 double cavity heat exchanger 30 and the fan
31. The first cavity of the heat exchanger 30 is connected with both the
conpressor | output and the first cavity of the vaporization heat
exchanger 9. The second heat exchanger 30 cavity is connected mﬁth t he

at mospher o by gRARSl kR Liitre [D5ARYLEGALSABARINSSS R gCel ver

32, adsorbing noist separator reverse varves §ulat|ng
val ves 36, 37 @edva8) islvangogagulitit thegimpsaphee B ineansofitbelrel ase ndta@en t he

second cavity of t e X the co ess t. The
second cavity of tEgﬂﬂégﬁngﬁﬁgﬂggéyggﬁgﬁaF??%ﬁ%$$g°%8WH%8F@8”&#WHhFhe
conpressor | |Mpdﬁﬁbywneﬂhm:mmobnnmnhhaexemegﬁe Baﬂk@ﬂ&&kﬁ?de&d@@kblng

noi st ar at essor. t i.tiona conpect e

bet ween tﬁe 15&ggsofgnﬁg nn%% ME&h é?@ %ggmbhﬁ ?ﬁ f?%v@Y@@ochw a5 by
means of the rexbiger 30viakvitmeddd wrtl%euh\tl&rcoﬁﬂ)rastd mﬁmlrt]ﬁd tﬂ@ﬁb@ﬁlﬁa&&y%g t he
conpr essor i i tion ected with t phere by neans
of the regulatpggzwgﬂﬁuoﬁ emTﬁ§%@3%fg%nﬂFlﬂ§?Wﬁ%gﬁ ﬁ? 3 @tprit ses fans
39 and 40 and eande wiaviht ytmodgtate BXxAGANGEhe fih.31The second cavity of the

vapori zati on heat ch 9 is .20 connected wi th the atnosphere by neans
of pt he fan 39, the ‘@t"%ﬁé!if’ CRVPHSER JBT refaiverads adsorting BIRitE ER8ERSKI Bh bot h

the fan 7o i npulevasdvadies Bdtand Thee SRR dalwaVid, 87 Qf'nd 881€rhe I?@%'ﬂtatlﬁg((ma@gﬁr 4l is
connected with the atnnsphere by neans of the fan 40 t he above

descri bed schelfgougted PHQWE%HFSﬁﬁmﬂé@WB@ﬁﬁ@hﬁ?F@@hﬁﬁ$h2ﬁﬁ1@?°0@9@8®ator 42

(Fig. 2) and frpeseTAE oM a@bry ofiBe M@i&%geplssﬁgft'@%@ claﬁﬁéeﬁ@'evuthnﬁe 25
turbo expander 6 and air cooler 4. The air cooling device in its other

appear ance confoPEseorchfpresy reansof figth ghegieversrovdivee 3T and agsothing meist hanger
45, freezing CJEEAT’%F 346 tf%ogélﬁﬁrgisgrg la!)Jt?utC@ozla%{t%Za@ngorrn%ﬂecfl%et\\;egn qge eXpander

49, noist separator 50 and e cavl at” exchanger
The conpﬂéssormmqug'Wﬁﬁﬂﬁéﬁa©h3§Wéds@hﬁvgﬁaWMV@©5quh%mh@fﬁMxbmmsxpander

49. The first cawl gy 9{?e1‘%/993!a£}{?1r rEARLRD VIRR! 36 ﬁ@g&ﬂf resddr | expgg fid st

cavity of the heat exchanger 45 epara nder 49, air
additionally connected with the atmosphere by means of the regulatmc valve 38.

The device illustrated by Fig. 7 comprises fans 39 and 40 and double cavity
heat exchanger 41. The second cavity of the vaporization heat exchanger 9 is
20 connected with the atmosphere by means of the fan 39, the first heat exchanger 41
cavity is connected with both the fan 7 input and output. The second cavity of the
heat exchanger 41 is connected with the atmosphere by means of the fan 40.
All the above described schemes of the cooling device comprise both moist
separator 42 (Fig. 2) and freeze accumulator 43 mounted in sequence between the
25 turbo expander 6 and air cooler 4.
The air cooling device in its other appearance comprises compressor 44
(Fig.8), double cavity heat exchanger 45, freezing chamber 46 containing air
coolerd47 and fan 48, turbo expander 49, moist separator 50 and double cavity
vaporization heat exchanger 51. The compressor 47 is mounted on the same shaft
30 with the turbo expander 49. The first cavity of the vaporization heat exchanger 51,

the first cavity of the heat exchanger 45, moist separator 50, turbo expander 49, air



.10 cooler 47 and t5he second cavity of the heat exchanger 45 are connected
with the conpressor 44 input in sequence. The device conprises fan 52, the
second cavity of the vaporization heat exchanger 51 being connected with
-the atnosphere by neans of the fan 52. 5 The device conprises both double
cavity heat exchanger 53 and fan 54. In the heat exchanger 53 its first
cavity is connected with the conpressoroutput 44 and the first cavity of
t he vaporization heat exchanger 51. The second cavity of the heat
exchanger 53 is connected with the atnosphere by neans of the fan 53. The

device is equi d wt he water .tank 55 being conpected with.the first
10 cavity of tﬁ%&?é‘?&f‘ ?zt§a eiSgﬁonﬁé:g‘f'%yeé}léh%ﬁegagFxc‘g%‘geﬁ'ﬂgaﬁeﬁ??'&eétegdﬁ%‘rtgges bot h
noi st separ at otordfzesanrdiafinme resqasmceinul at or 43 bei ng nounted i n sequence

bet ween the turbo ander 49 and air_cooler 47 |ike. the schene in Fig.2.
The device is equi Sg*% chhcop]gﬂiﬁsaf?'? G @8Is{°/ "ébcab'?' Helhoapy Ao A he 15

conpressor 44 erpadget St e0ipn@ehecdwithihd imogihebpesass of thefadeyi ce conpri ses
el ectric engine 57 u(ﬁt.ed on the sgr(rie haft with both the turbo expander
% peiB Saya Ferd

49 and cofpressor 4 afe FOPMY hepfexchangd i 0d @hpt-d&sor. The

ai r-cool i ng dethk $€atxoRAEEDI0RENBE &5itRSs E@hb@BwitR theARRRFANDulpat KA 9. 1 the
at nosphere air is fgd into the vaporization heat _exchanger 9, regenerative

heat exchanger?®® Ui 8rstcavi ohihe varorizgiitneheatsxghanges i $he gsgond Gavy etBe npj st

separator 8. ThQ &icharzteumMs cHHdQRERith the Gt SPherYy MBS PiRaSpar ator 8 and
the dried air is fed into the turbo expander 6 V\%ere it 1s cooled and fed

into the air cool erhedeyiggisieaviprpad wikethe paey fapky ST beinheanngteshwithctbe firshg it s

i nner capgci tycagﬁégythgg% izzgfonthbﬁét(é}@n sffter that the air of the

aircooler 4 is fed into the secon cavity of the vaporization heat

exchanger 9 and by Thealegicofomprises hoth Maisichepanasor 41 mdl freemescassurmlater 43 eedi ng

into that ver ybe(fr?tyf.na{ntgg int Qﬁuéﬁ@p%tlv%gnt éhgr??rg?%&epag?%oh%pr%grair 0%0@9517 ?J(e the tank

t he process of tHe vaporization cooling o ere alr 1s produced,
i .e. tenper at uthes¢homerin Rig-2i s achi eved. The tenperature indicator 11 30

Lgﬁ?fgf;s the | rrpuIﬁ]% c}egicg: rfseemiggegpv(/iﬂlc?esgﬁl%{ing( 02956 %g%\gmméagsto %hﬁthg whi ch

15 compressor 44 input is connected with the atmosphere.

The device comprises electric engine 57 mounted on the same shaft with
both the turbo expander 49 and compressor 44 that form turbo expander and
electric compressor.

The air-cooling devise proposed operates as follows.

20 According to Fig.l the atmosphere air is fed into the vaporization heat
exchanger 9, regenerative heat exchanger 2 where the air is cooled and then is fed
into the moist separator 8. The air steam condense is caught by the moist separator
8 and the dried air is fed into the turbo expander 6 where it is cooled and fed into
the air cooler 4 mounted in the free4zing chamber 3 and cooling its inner capacity

25 by means of the fan 5. After that the air of the aircooler 4 is fed into the second
cavity of the vaporization heat exchanger 9 and by means of the fan 7 and the
simultaneous water feeding into that very cavity of the vaporization heat exchanger
9 out of the tank the process of the vaporization cooling of the atmosphere air is
produced, i.e. temperature lowering is achieved. The temperature indicator 11

30 transfers the impulse to the microprocessor (not shown in the Fig.) which controls

the work of the cooling device. The microprocessor switches on the compressor 1



the work of the cooling device. The m croprocessor switches on the
conpressor | 11 electric engine to cool the freezing chanber 3 up to the
tenperature required and sw tches off the engine upon the reach of the
tenperature. According to the schene of the device on Fig 2, conpresses air
is fed from the conpressor 1 output to the ejector 12 by neans of the
passi ve nozzle the 5 atnosphere air isypunped in through the regulating
val ve 13 and the second cavity of the vaporization heat exchanger 9. The
rarefying in this cavity is produced which additionally enforces the
rocess of the rjizatjo ld ng of the .at here air thus decreasing
Pts t enper at urgl\égtg'gsebéggf E’t%c’g&‘%éfﬁe %(% Ctt]%mgb eé?é‘é’ﬁ%?& 'SP ?rﬁtél{aerreﬂlﬂretdl‘?ggai ris
t hrown i nto thewathepsibereaginbinpmghe teheh afohesttmpemareat or 14 and 10 the fan 7.
The noi st separ at orA14vcfattchth gr og g@i sdt .out of the air and. fecfgs it into
the tank 10. In the A& T FEEPROEEC IRV Y B8 gh O MRIESHAICETE VOB ¢ he
vapori zati on hegtcongrxebanpentphas te djcte pente iteats0of thepabiiveTRéze @k the fan

15 while the connection . of the. conpressor output with the fan 7 input
al | ows i ndr easPHPSBIETS #HBisHY pﬁ‘fé‘s‘@[?#‘%h ree t'i“ﬁt"%"? illga‘f‘ﬂ‘ihﬁée‘@& HYEr 6 thus

al | owi ng the i BEKRAGHoIiFtGH HeatPExRHHEET Yi Te edrefying in ABNI @Gty I ploBgeedevi ce
illustrated in Fig.4 the ?ppl i.cation of the additional heat  exchangers
al ong with the"PEAs2diiRq/ v aEsssgihe neroseshigd BF Yaparigatian ofooling dobBki ng

devi ce. The heain®NehaRigehuslécrhOng itvidipetdige fBRsidBat@anobeotise ¢jkr a
conditioner. 20 The heat exchangers 17 and 21 together with their fans 19

and 22 and noi Stfusedgdheinis tyawp pnieithe atngssphese Birqueh 8151meig servepterrMiand in t he

system Te regidlaf i Mehe Yt \EpatRoiuQMicHESarbRmoRl butlof ARSHShd L8 il
conpressor 1 output to the input under extra nom nal working conditions.

During the per§ri#krde of the cooling device illustrated in Fig. 5 the 25
eparator 24 whi ch RFoudee T Na R [y oo he ceog FHRrBLRRUBThL
under condi ti opxcharfger hasgatindegendentreplanayeoseans phibe fani tSswhdlegheenngedtion ng.
Cur 9 e 2oL Oy P AR 5% O R OGBS FASH L o
t he i npulise t ofedpete thhwrbroegphraei fthus allweisg B8 inmeas@ h cool productivity of the
device.
In the device illustrated in Fig.4 the application of the additional heat
exchangers along with the fans allow widening the range of the use of the cooling
device. The heat exchanger 16 along with the fan 18 can be used as a conditioner.
20 The heat exchangers 17 and 21 together with their fans 19 and 22 and moist
separator 23 produce extra air cooling and drying in the system. The regulating
valve 20 provides the air transfer from the compressor 1 output to the input under
extra nominal working conditions.
During the performance of the cooling device illustrated in Fig. 5 the
25 atmosphere air is totally dried passing through the adsorbing moist separator 24
which provides the ability of the cooling device to work under conditions of
negative temperatures without its elements icing. During the operation of the
cooling device with the switched off compressor4 1, i.e. during “stand by” period,
the microprocessor transfers the impulse to open the regulating valves 26 and 27

30 and the compressed air feeds into adsorbing moist separator 24 out of the receiver

25 thus renewing its adsorbing abilities for the following working cycle of the



*30 and the conpressed air feeds into adsorbing noist separator 24 out of
the receiver 25 thus renewing its adsorbing abilities for the follow ng
wor ki ng cycle of the 12 cooling device and is nounted on to the atnosphere
by nmeans of the regulating valve 26. The cooling device illustrated in the
Fig.6 has a closed working cycle with air feeding out of the atnosphere by
means of the regulating valve 38. The §/ adsorbing noist separator 33 in
conditions of the closed valve 37 provides full air drying inside the
system The strengthening of the working ability of the adsorbing noist

separator 33 i : i e. st " the _cooling device by
means of the 5‘?%%%%%@%6@{5&8&5% ‘%I‘r§° t@%%&nﬁ’%’sg%ﬁ% béﬁeagse%#dﬁhﬁge%'ﬁatm%f t he
recei ver 32 tovaledd¥orbi ng noi st separator and setting it on to the

at nosphere by nean f the valve 0 38 .. T ose rking cycle. of the
cool i ng device in g%h(r% |°%’?'%nés(evbcf3 '%I‘?S;%atﬁ?rm fhgrﬁgéﬂ“%sc"} ‘gﬂs\ggﬁvoﬁlﬂg%g%gefw%e open
val ve 37 wi t hoait feddinguse off theh@mashhercbbyngneams sf thesepaladigOral3d.38DFpended on

t he operating nditions of the.cooling device th i GLOproce r.
transfer stsan i%‘%ﬁ%é% p S %)%E‘nc%g'%%s %fjltges‘éloieﬁeva(?ﬁlgv EOV ,S%éga'énd 15
38 thus provi dinyngiibsdeoht sysedm. dhe stadnigt aningxaﬁmedioﬂgngsbimtgaf&megm?]ingf ;
illustrated in Fig. 7 jn.conditions,of the npection . between the fan
and the heat eQ‘c‘?HgW@@lﬁEOﬁi? fsﬁg%eﬁtle‘gg‘érﬂ‘gém (ﬁ%“g%\)ﬂo?fﬁ&%mﬂlﬂﬁgaﬁt‘?‘? tD’H_Ee"‘“s

consi der at e nobfSee lvawel36l spering REF @ oabpiaRdalir febfind Bt of the rebiovi tedl. The
heat drawni ng aside fromthe heat exchanger4l is effected bf\qthrreans of the

fan 40. In 2034APNEMAE SEREAPARD SGLRg P Holke aloshspoby means shthpaalve
exchanger o9 bl ggvi ng of f. Under the operating conditions of the device
illustrated in Fig.9 a considerable econony of the electricity when
feeding from for eX&fpslossd wpikigravele ofHgicaelingsdesics éteaditions of dra absrieaks of
the turbine expaRRa by fedndd?iheoftheyvaflel £CIVRRLAShe Estéeof(:tﬂérgaﬁﬁﬁﬁg miofsy @nd the

el ectric engine conpensates only a part of the power 25 necessary %or
conpr essor 44 ¥PRHEr e Deagndedyfont the operakiie rendpionsl ot gl lsgolingedevice he

expander turbi pe.,4 oce@_ot trH}lf‘ersa'%lq uﬂ?@ittﬂepfbe(%ﬁﬁSpf%rg?%zgge%aﬁgygéjge(%w th the
noi st separator 4 (Fig.2) an eeze accu at or the noist separat or
42 provi dés ai #8 @ipyprayiding its optimal operation.
According to the scheme illustrated in Fig. 7 in conditions of the connection
between the fan 7 and the heat exchanger 41 the closed circuit work along with the
considerate noise level lowering operation of the fan 7 is provided. The heat
drawning aside from the heat exchanger4l is effected by means of the fan 40. In
20 this case the fan 39 provides the vaporization heat exchanger 9 blowing off.
Under the operating conditions of the device illustrated in Fig.9 a
considerable economy of the electricity when feeding from, for example, electric
engine is effected. As the breaks of the turbine expander 49 turbine are effected as
the compressor 44 and the electric engine compensates only a part of the power
25 necessary for compressor 44 drive the rest of the power is produced by the turbo
expander turbine 49.
All the above mentioned schemes are equipped with the moist separator 42
(Fig.2) and freeze accumulator (43) the moist separator 42 provides air drying in
the system while the freeze accumulator 43 aims at cold accumulating inside the
30 freezing chamber 3 thus providing maintenance of the low temperatures in

conditions of, for example, “stand by” or under long time open chamber 3 door.



:the systemwhile the freeze accunulator 43 ains at cold accunul ati ng inside
the 30 freezing chanber 3 thus providing nai ntenance of the | ow
tenperatures in conditions of, for exanple, "stand by" or under long time
-open chanber 3 door. 13 Turbo expander and el ectric conpressor shown in
Fig 9 conprise the body 58 containing the built-in highly revol ving
el ectric engine 57 the turbine and conpressor wheels 60 and 61 are nounted
cantil ever on the shaft 59. The shaft 59 is nounted in the radial and
doubl e axial gas- and dynamc 5 bearing 62, for exanple, of petal type.

The cavity 63 betwegp L f.the.c essor el, 61 and
el ectric engine 57 | sbéécg))"I ngé:e?gﬁpglg&hgg%rgg%?gﬁ ‘H‘é)wnérégglpg B4R e%:boldérmunt ed
wi t h the input 5% nptaioogpthe ssidt-idlighlynrevdieing exteptritt exgginec &Nahe lﬁ#bihél_and

regul ating thr I n ... The turbo, expander electric _
conpr essor ope?%r%%gsé(gr lAoel%15236\?\/';4{“% %garﬁﬁn@ﬁm F 8ane'lleé’8']tooﬁqg? W‘_ﬁ;}gedl ng the electric
engi ne 57 rotates tFe shaf5o iShonhtedlin tHesraditl dndedcmbleeaxial FRs-and dyeatici C

engi ne rotor 57 u he operat.i frequenc rotation (jn.a ppdel

sanpl e up’to Q%ﬁﬂgg tpg’tftgf F’bar'lr{s%’ ep@? p%igntﬁ?ee?ge %‘éty(r%é&ﬁ%?'&hmgﬁ%er _gi?r‘l‘%g?
transferred toof the comprs®s sdeelviieal e‘ﬁe]:trtcf@gine(}ﬂnf] esfiraed Ef& nithiis ¢fBS) - Tpen
t he conpressed ej cool ed, by, neans of the heat changers systemo
15 the air coo?q%%];6£8tﬂ%éewguqt%w¥htt%e R G0 QTR RSP % I%ﬁ?f fegogsiphinded
bot h inside thenanazet egalpiay thioktfe BNdmbukitd.ne wheel bl ades 60. This process
is followed by the ation ggaste e. the turbine

ope erature lowering, i.
period if the main Hﬁéué’ﬂe’&?f“&e a@‘éﬂ%‘gg‘f ?‘ﬂ‘g’r%gﬁort%éra&i’é%?”r?g’sdevi ce. The power
of the caopressed gasonhkd dlectridifyFRshitheeduid thglleS7¥RGRAMN Gha30yRkhief t he
t ur bi ne wheel 60 amnd upon passing. the 20 system of heat exchangers of the

cool i ng devi ce'SZYInsaTE e ap §leethis iiprelesof upvipd omrating Heaerasy of essur e
at the output RfaribRqircQHRESMpIhEab Fbod Sordh MR Yser Mighe! The hﬁé&n&&?@t at the
i nput of the turbine wheel 60. To avoid the penetration ‘of the hot gas
(bei ng conpr es¥ELRYi i tangfereshisr tie sompressr theelt @ Bizheomprpsses thechic(gag). t he 25
tenperature di tfangnesnbbsskd gésrb%ing%iolg@o{/ }negr?ssotfgﬂet t(e%ﬁ%ha dhetyesp the
cavity 63 to the conpressor_inpu 4 1s created. e hot gas can
penetratésto tiheargedingaleyiapistfed inp wbarespantier 49sind és exqendeil both iméderthergs
62, the cavity QGLWERBahAE afil AiBlhe ANl BR% & This process is followed by the
operation gas temperature lowering, i.e. the turbine period if the main one in cold
generating of the cooling device. The power of the compressed gas being
transformed into the mechanic power of the turbine wheel 60 and upon passing the
20 system of heat exchangers of the cooling device again is fed to the compressor
wheel 61.
The gas pressure at the output of the compressor wheel 61 is always higher
than that at the input of the turbine wheel 60. To avoid the penetration of the hot
gas (being compressed in the compressor) to the turbine input reducing the
25 temperature difference in it the gas (air) restart canal 64 between the cavity 63 to
the compressor input 44 is created. (The hot gas can penetrate to the turbine input
by means of inside cavities, bearings 62,the cavity between the stator and rotor of
the electric engine 57). Such construction allows avoiding of the gas penetration

from the compressor to the turbine. The problem of gas and dynamic bearings 62

30 cavity and electric engine rotor 57 cooling is solved simultaneously.



-the electric'engine 57). Such construction allows avoiding of the gas
penetration fromthe conpressor to the turbine. The problem of gas and
dynam c bearings 62 30 cavity and electric engine rotor 57 cooling is

“sol ved sinultaneously. 14 The regul'ated throttle 65 nounted in the restart
canal 64 allows the turbo expander and el ectric conpressor to be tuned for
t he maxi num possi ble pressure differenge in its turbine. The turbo wheel
66 of the turbo expander conprises bearing disk 67 (Gg 5 10 - 11) wth

bl ades 68 and inter blade canals 69 formed by the side surfaces of the
nearest bl ades 68 J i gn;g'; i di.sk. 67 face ans of
the flutes 70. Lorcgl{étll&%?%g?th\gghgps iﬂ{g?gﬁg frgit?%gangﬁg{ ﬁeovésa'ilgé t%F%k wth
cross cut effeetpedeagnd elegar tcompressoetache whed foraleh maxiRimofossible pkdssire 70 i s
cal cul at ed upop. strenath conditions. 10 Radius Rk of the mcro canal
71 cross cut iglfgg%&%&(ﬁgf%mi.o of the radius R The flute 70 can be

ef fected al ong t he Tieohbobiladieod ety lurb@ espaader komprises ibekemganiuk 67 @i@ canal s
71 by nmeans of ,m | h ut_hayin its e aroynd. off with a radius
equal to the cl _ﬁg‘f’ ﬁlhlglﬁ%ét%ra“%f“t#ﬁg’gﬁfwg%gg?@eg b?ieﬁﬂgé%‘f"éf‘ %thtﬁ(, R, t,
h as wel | as Rnaesst ihdets i680orjsgateivitaaassanydiflios7 aifyd i Meank bBethe aaft gur at i on
of the mcro c | hottomrequired jn .case of the icing. Turbine operating
under cycle coztgi%tof‘% '"C’g]ﬁlg?lg'f}i are %ﬁf&ﬁ%%_ spiff disk it resp curfgcieneet bl ade
canal s and it sparebf ithg cirde. eRaRES RY/ ofl the SALitEOT & alculaltat uoienbBE LG | ce
shoul d | eave the surface of the wheel and be blown off by the air steam

For this 20 vef3MBi@Phose micro canals 71 with the cross cut made as a part

of a cirghe are crgaliRRk JfthediRroV@hd 7@%%@98&%%%03&6 1 90fHR ¢ in canal
y

of the same radius thus redusing the level o | 0Sses Wi t hout

preventing the air Hdlyted0sar bF cffeeted plovg iy whale blade lengthi 68y fromebatiur bo
wheel work ef f gl &ng¥hic d@ar}[léf%dﬂlsﬁ)r fn@ins%@(‘ﬂil'l,c[ﬁpwt 'h!a?lmc;rg'r?itg Q&/ggqglogr{b &g find

most utility when applie or neking cooli’ng “appliances, and especially in
t he cool ers andithpradgussdval tothE ag helf diasetsrds wel | as in  the pernmanent

conpl exes and on di”Ifhfeq]EFg cARERMA Mrar%é’ta‘gmg)rf{tl; t, h as well as R correlation is

15 necessary for providing the configuration of the micro canal bottom required in
case of the icing.

Turbine operating under cycle conditions (operate — stand by) the icing of
the inter blade canals and its melting is effected/ it’s important that the melted ice
should leave the surface of the wheel and be blown off by the air steam/ For this

20 very purpose micro canals 71 with the cross cut made as a part of a circle are
created. In the very narrow cut they form a smooth canal of the same radius thus
redusing the level of hydro losses without preventing the air and ice particles

moving thus increasing the turbo wheel work efficiency.
25 Industrial Applicability

The invention can find most utility when applied for making cooling
appliances, and especially in the coolers and air conditioning systems as well as in
the permanent complexes and on different means of transport.

30



30 15 CLAIMS 1. Air cooling device conprises conpressor (1). Heat
exchanger (2), 5 turbo expander (6) with turbine wheel (66), freezing
chanber (3) with fan (5) and air cooler (4) nounted inside CHARACTERI SED
“in that it is equipped wwith the fan (7) nounted on the same shaft together
Wi th turbo expander (6), double cavity vaporization heat exchanger (3) and
noi st separator (8). The heat exchangeri;s(2) being constructed as the
doubl e cavity one and the first cavity of the vaporization 10 heat
exchanger (3), the first cavity of the heat exchanger (2), noist separator
(8), turbo expander (6), aircooler (4) gn e second heat exchanger
cavity (2) are connected with the conpressor (1) input in sequence. 2. The
air-cooling device according to claim1l CHARACTERISED in that it is

equi pped with water tank (10) connected with the second cavity of the 15
vapori zation heat exchanger (9). 3. The air-cooling device according to any
of claims 1 or 2 OI—|AF6AC'EE¢RIr@Eﬂ}:viiqe d:dmairisesheorhprpasbr and Helreexahapet (Df t he

St mosphor & by Rk aPReE 1 i RIE L Bkt o3 RER B e ccor i ng
to any of cIa|mEc&ﬂan42moGMARA@MERHSEDAcmERhEH)hiﬂmﬁnﬁuamhnﬁmwmmuh:the

o) ector (12) nlad e b Rt ST TR b BT CObJoMeARIGE the
second cavity ﬁﬁohhﬂoﬂ&&ﬁﬁklﬁmg@n3haatm@kcgﬁﬂgﬁﬁ(SxQ%eH&h&m&ﬁﬂg&ap)ng val ve
(13), active ejector noz éléé@ re connected with the 25 conpressor

out put (1), %’qrég%}“été”tc &“("I‘?j opRANGeaG Brshravity Of thsi @por&zaient at or

(14) is qmnnecmeademaﬁbei t&} lfh@-fﬂ'rs(talwtyr@ihe héut eldhengdt (2)CROIst RPadRY (HE
according to any of clains 1 or CTERISED I n that it is eqU|pped

with the fan (¥BY Boefier rﬁ@uta‘r%ﬁ?éFrdﬂl ﬁﬂﬂ thepeceneheap c¥H@ngsa Yy & ahe
vapori zation h@mhaﬁﬁqnﬁnﬁggmﬁﬁﬁﬁgqupgﬁgqmggﬁ&@g with 30 the atnosphere by

means of the fan (15). The input of (7) being connected 16

2.” The air-cooling device according to claiml CHARACTERISED in that
it is equipped with water tank (10) connected with the second cavity of the

15 vaporization heat exchanger (9). '

3. The air-cooling device according to any of claimstor 2
CHARACTERISED in that the input and the output of the vaporization heat
exchanger (9) second cavity being connected with the atmosphere by means of the
fan (7).

20 4. The air-cooling device according to any of claims 1 or 2
CHARACTERISED in that it is supplied with the ejector (12), regulating valve
(13) and moist separator (14), the passive ejector (12) nozzle being connected with
the atmosphere by means of the second cavity of the vaporization heat exchanger
(9). The regulating valve (13), active ejector nozzle (12) are connected with the

25 compressor output (1), while ejector diffuser (12) by means of the moist separator
(14) is connected with the fan (7) input. |

5. The air cooling device according to any of claims 1 or 2
CHARACTERISED in that it is equipped with the fan (15) both input and output
of the second cavity of the vaporization heat exchanger (9) being connected with

30 the atmosphere by means of the fan (15). The input of the fan (7) being connected



-with the conpressor output (1) while the fan (7) output is connected with
the first <cavity of the vaporization heat exchanger (9). 6. The air

cool ing device according to claim5 CHARACTERI SED in that it is equipped
"W th double cavity heat exchangers (16) and (17), fans (18) and (19), 5
regul ated valve (20). The first cavity of the heat exchanger (16) being
connected with the second cavity of thegheat exchanger (2) and wth the

i nput of the conpressor (1) while the second one - by neans of the fan
(18) with the atnosphere, the first cavity of the heat exchanger (9) is

ted Wi th kel dohStessds AV vhilD8e i-Zakd 9) and
connected wi t hyfheg, c'orniﬁlﬁ éso;;%\eﬂp%(m hhé@ wgrp%'oaghee@omﬁg&%yfmﬁ@ﬂ&{ ( g} an

the fan output (7), wn the Second one I's connecte means of the
fan (19) with iy of thoygpledrasioahdatehehangee ()l at ed val ve (20) is nounted

bet ween t he i nput d - t s | h-cooling
devi ce accordi ng t26ncIT;I??rgﬁrgg%ﬁ%ﬂﬁ%%g&%ﬁﬁEﬁﬁgttqqlﬂégms%%g})ﬁgg‘a\g\n th the
doubl e cavity iheaquiprehaitlydoubldyity haaneXch)gemr(d6)mpil §17), fads @ 8panddiYr (23) .
The first_cavi f e t ~exghanger 1), being con ed with the

conpr essot ot sei A4 Y 0, TRLAREOARY ob Al OBE LR et o
input (7), andith hike sewaddaciay of ythdeangexclampeac (2¢ chndi whh tthe igunes pher e by
means of the fan

22)...8. The air-cpoling, device accordi to.claiml
CHARACTERI SED ‘for'm“‘{r%fé?r (1ygihife e SORH Pa% WPy H“%?B%&?t}ﬁ%gfa%gﬁ@t WE‘éﬁE"r at or
E24g , T §C(6i V)er at(nﬁﬁjhﬁre[ egufirad @;&Jditj#éf wesheat ?@har%&d(% as fommBeled MR riisefiral V(EZ )
28) an 29). The reverse valv 28) . an sor bi noi St _separ at or 4
bei ng nount ed ‘faﬁ't%éaﬁ}?n&aé’oﬂéattmgﬁgtt ﬁ%@h?rﬁgFrsfg?éﬁgit&/?a%o‘?”t'f%énvdg@fsit &tion
heat exchangerset&)d @distddfneicti By mennk by tef fah Neoheat tRxahaslek dnd)ihe The
conpressor (1) output by neans of the receiver (25) and regul ated val ve

. . (
(27) 25 is conifBHedvHu: (Fabis mavated Seaeebthg fpyeandsk) oulpiy of e 6PBPISE DI St
separator (24)¢)the conpressor (1) input is additionally connected wth
t he at nosphere E)y means of the reqgulated valve (26). The receiver (25) is
connect ed with the 7at e ptfesoeling devigeapasorging: toeclpiay 6 (JRARACTERISED in 9. The

ai 1 - cool i ng deyiCig i AGHORH Dgh IR BMe Uil Rl By cariged2 13 CarTARAT ERISED i 1
that the corrprestslorl ou?pl)ut\ (1) is cgnnvé@!t%g%ct%nt’?h(e ?i T's Savﬁg of the
vapori zat'f on h¥atralek CRarigefirst cavity of the heat exchanger (21) being connected with the

compressor output (1) and by means of moist separator (23) with the fan input (7),
and the second cavity being connected with the atmosphere by means of the fan
(22).
8. The air-cooling device according to claiml CHARACTERISED in that
20 it is supplied with adsorbing moist separator (24), receiver (25), regulated valves
(26) and (27) and reverse valves (28) and (29). The reverse valve (28) and
adsorbing moist separator (24) being mounted in sequence between the first cavity
of the vaporization heat exchanger (9) and the first cavity of the heat exchanger (2).
The compressor (1) output by means of the receiver (25) and regulated valve (27)
25 is connected between the reverse valve (28) and adsorbing moist separator (24), the
compressor (1) input is additionally connected with the atmosphere by means of
the regulated valve (26). The receiver (25) is connected with the atmosphere by
means of the reverse valve (29).
9. The air-cooling device according to any of claims 1 - 3
30 CHARACTERISED in that the compressor output (1) is connected with the first

cavity of the vaporization heat exchanger.



-17 10. ‘The air cooling device according to claim9 CHARACTERI SED i n t hat
it is equipped with the double cavity heat exchanger (30) and the fan (31),
in said heat exchanger (30) the first cavity is connected with conpressor
(1) output and the first cavity of the vaporization heat exchanger (9),
and the second cavity by neans 5 of the fan (3 1) with the atnosphere. 11.
The air cooling device according to claiym 10 CHARACTERISED in that it is
equi pped with the receiver (32), adsorbing noist separator (33), reverse
val ves (34) and (35), regulated valves (36), (37), (38). The regul ated

valve (37) being mb““t‘h%qlr?% %@vnk@&fﬁﬁﬁ%qgclg btﬁAq{Aé'i;ﬁ%lggﬁtm %f;hanger

(2) and the 10 conpressor I"nput econ cavit
exchanger bei ngissddippédowl thy dou:tdﬂmdt/ b@twdlm&ehéobmtjh@@aéﬂ)(lm)saldnput by

means of the rﬁea? xscﬁ?ng%l Q§8) ti] Cfl vq?gl gaclgﬁr?ercgd Q\gthr&;hgteés%?gg% 9{%1(18. The

conpressor (1) connecte t sorblng
noi st separ at oﬁrs( ®3)ty aftle t/:menzaememsa evcat\lavgr (BEndlthe seermdrgvinfbytneans ever se

val ve (34), the ei and.the regul ated valve (36) and 15 the
conpresso% (1) f& ZT(¥§ %ﬁé%mmogwfy connected with the atnosphere by neans
of the regul at ed valllvérheaa&) coolizg ddfihie aicordmgabicigmdOvCHARACIERASEIY in 0 cl ai m
| CHARACTERI SE |n that i J.s, supplied - with the fans (3 d (40) and the
doubl & cavi ty HELY esmpmreras FRBM G L A RE moY SerbRENo e Lot on
heat exchangerv{l&x Bei ad (Gsnnegntaﬁai vl e (B&)e(m (asmmphegtﬁamyvm@g) of the
fan (39), the i.rst heaé exchan Qﬁ&) t ﬁ nn & mnthhthe I nput
and the out put ed?g fpanied pepwsen 8 SF‘t Cé&'(%& léev £ elxg a"@ A Gi th t he

at mospheng by emaiessef (1 ipuf. ae (ddhd cddty ofliBe Bdat etBadenBeifi€¥ddigonagor di ng
to any of claims 1 -12 CHARACTERISED. in that it is eq UI ped with the noi st
separat or (42) HAEFiEhyith Fis ffmpdesa%d}rmpatwmeaé)of%mvsfa ﬂv%(ﬁf&éﬂ

bet ween the tusRerbMEPABAE sefaord(3d).aTle cEHRFLDHF (11;4outJJ1ebear\gr adi@rang device
conprises a conpressor (44) and turbo expander__ (49 h turbi ne whee

(66), al | mount@aecss! hehuees dhradseraing morlsté@fraffg @hand rmf valygabni ng fan
(48) and air cpelRhruftikvéRARRNCTES! ﬁ%QedeWeF?@% ad(fthb?egﬁléfé@lv'aﬁ'g Fapath the

doubl e cavity vaporlzatlon heat ‘eXchan noi st separator (50).
15 the compressor (1) input is addltlona connected w1th the atmosphere by means

of the regulated valve (38).
12. The air cooling device according to claim 1 CHARACTERISED in that it
is supplied with the fans (39) and (40) and the double cavity heat exchanger (41),
the second cavity of the vaporization heat exchanger (9) being connected with the
20 atmosphere by means of the fan (39), the first heat exchanger (41) cavity is
connected with the input and the output of the fan (7) and its second cavity is
connected with the atmosphere by means of the fan (40).
13. The air cooling devi.ce according to any of claims 1 -12
CHARACTERISED in that it is equipped with the moist separator (42) and the
25 cold accumulator (43) mounted in sequence between the turbo expander (6) and air
cooler.
14. The air cooling device comprises a compressor (44) and turbo expander
(49) with turbine wheel (66), all mounted on the same shaft, freezing chamber (46)
containing fan (48) and air cooler (47) CHARACTERISED in that it is supplied
30 with the double cavity vaporization heat exchanger (51) and moist separator (50).

Said heat exchanger (45) being constructed as the double cavity one and the first



-Sai d heat exthanger (45) being constructed as the double cavity one and the
first 18 cavity of the vaporization heat exchanger (51), the first cavity
of the heat exchanger (45), npist separator (50), turbo expander (49), air
“cooler (47) and the second cavity of the heat exchanger (45) being
connected with the conpressor (4) input in sequence. 5 15. The air-cooling
devi ce according to claim 14 CHARACTERIQED in that it 1is equipped with the
fan (52), the second cavity of the vaporization heat exchanger (51) being
connected with the atnosphere by mans of the fan (52). 16. The air cooling

devi ce accor di E‘eg'it%oofamé Qefpoﬁkéfi‘i'oﬁshe%fl e}&an%dﬁgzofﬁgﬁaéﬂﬁt g'faghe %qo.ah)s in

supplied with double cavity heat exchange e fan
t he heat exchaﬁ‘@é@ng(flf':@))) trh@stfsepasatoc@9), ttyrbb ekpagder dANe air edolen @) drklghe

conpressor out 4 t f i zati on heat
exchanger (51%% ?V%‘%gpg‘éé‘gﬁ !(::}%\TQ} er?%ybteﬁé%on&e%dm% an "%%rg > @?
connected wt hmvhten sauamysphere. 17. The al r-cooling device according to any
of clains 14-16 RAGIER! | [ ter tank
(55) conndcted al ong %ﬁ > 0556’ d§‘§ac%:\eortd 5? °'€he§@§g‘§r"§ z!Ea];klR%Elﬁé'b Al changer
(51). 18. The ®iequippanl witlgthddan @), almcdudrtgvntymfamvapbnzaluan heat edchardgér
CHARACTERI SED hat it > noi st .separ (42) and freeze
accumul at or (4@?) Be'%%onaeclteﬁj \‘sgﬂﬁ%ﬁ@é’s[\é}q& "fﬂga’fmﬁ)expander (49) and
air 20 cool er (4%.. The. aTrhecoalmg camldengaod@rmnge taC(hﬁydloﬂgctaﬁnsan]M-in cl(ai )ms
14-18 CHARACTERI i [ |se t he requl ated val ve (56

t he comressogﬁﬁ%ﬁ?ﬂggs%fm it Gy 31'8 éﬂ' woﬁgﬁﬁé\?{yellf WFtchangrl(OA) nospher e
by neans joof thel the@s @uRdn wrlheer &oRngdd(53Pithe ThE cavity E&QJ édﬂﬁec‘f’&lV\lvFﬂ?
according to any of clainms 14-19 CHARACTERI SED i n that is equi pped with

the el ectric eRgiCABPELS?Y OBt drdihe ﬁﬁécaé’é‘bfé’fétﬁa‘faPor\kﬁaE‘W t‘fijlf p¥rhasgsander
(49) and COWpr@s%_chnd( ﬂé)se%nrdhcatvh? ty OBk | &'nth@ffan fsu)brexRaRERr waRdnel ectric

conpressor he air cooling device according to claim20 CHARACTERI SED
in that atmosphere.
17. The air-cooling device according to any of claims 14-16

15 CHARACTERISED in that it is equipped with water tank (55) connected along the
second cavity of the vaporization heat exchanger (51).

18. The air-cooling device according to any of claims. 14-17
CHARACTERISED in that it is supplied with moist separator (42) and freeze
accumulator (43) mounted in sequence between the turbo expander (49) and air

20 cooler (47).

19. The air-cooling device according to any of claims. 14-18
CHARACTERISED in that it is equipped with the regulated valve (56), the
compressor input (44) being additionally connected with the atmosphere by means
of the regulated valve (56)

25 20. The air cooling device according to any of claims 14-19
CHARACTERISED in that it is equipped with the electric engine (57) mounted on
the same shaft with turbo expander (49) and compressor (44) with the formation of
turboexpander and electric compressor.

21. The air cooling device according to claim 20 CHARACTERISED in that

30 the turbo expander and electric compressor comprises a body (58) with the

mounted inside turbo expander (39), electric engine (57) and the compressor (44),



-30 the turbo expander and el ectric conpressor conprises a body (58) with
the nounted inside turbo expander (39), electric engine (57) and the
conpressor (44), 19 electric engine rotor (57) being constructed as
‘nounted in the bearings (62) shaft (59) with cantil ever nounted turbine
and conpressor wheels (60) and (61) while the cavity (63) between the
bearing (62) of the conpressor wheel (6) and the electric engine (57) is
connected by the canal (64) of restart with the output into the 5
conpressor (44) 22. The air-cooling device accordlng to claim 21

CHARACTERI SED f ne ul at ottle
(65) is nount e%l@cé%@@x‘iﬁné %birglgp%\?\ﬂ f} Zt%ﬂetgr'ﬁle o expan ‘“ﬁségﬂﬁﬁ'i%, ng the

bearing di sk (67) withicahiilevee nmua@ésurbﬁspntandnpmiser whtad @0y amhied) (MA3 nade by

t he side surf r conj ugat y ns of the
flutes (70) waﬁ‘ﬁscﬁ‘ﬁtev ?f‘*é?"ibaﬁl‘%ﬁ@?%d?%i é’zé& ‘gf?PrESShft §F?ﬁ§&8&ﬁ§ﬁ% udi nal
m cro canal s (éliqtriw:rtglmec(pb)sscmntcsechlsy the pamt (60)‘ of reduaet with the@ufpdARAGRERI SED i n
that the tadlu TBk Lhe mcro canal (71) cross cut is 0.1 =1.0 of the
radi us Rk’ of the ré the pitch (t) between the mcro canals (71) is not

nmore than the doum @he admuslu(gRle)ucefacdolﬁﬁng fd et TaOHARACERASED il ehahei ght 15
E:ral}laf)f E gi) 21r gé Can (64) oJf estart a regula’tedlthrott?e (6%)'}(5a mroﬁ'r?tleéjs (Rc) of the mcro
23 The turbine wheel of the turbo expander comprising the bearing disk (67)
with the blades (68) and inter blade canals (69) made by the side surfaces of the
10 nearest blades (68) conjugates by means of the flutes (70) with the meridional disk
surface (67) containing longitudinal micro canals (71) with cross cuts as a past of
the circle CHARACTERISED in that the radius Rk of the micro canal (71) cross
cut is 0.1 =1.0 of the radius Rk of the flute, the pitch (t) between the micro canals
(71) is not more than the double radius (Rk) of the micro canal (71) and the height
15 (h) of the micro canal (71) is 0.2 + 1.0 of the radius (Rk) of the micro canal

(71)cross cut.



