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I Tavi

Tburi milebis daniSnuleba, moqmedebis principi da

 gamoyenebis sfero

msoflioSi Tburi milebis istoria groveris (los-alamosis laboratoria, aSS) saxelTanaa dakavSirebuli. man SemogvTavaza termini `Tburi mili~ (Heat Pipe). ukve  meoTxe aTwleulia, rac Tburi mili intensiuri gamokvlevebis obieqtia,  rac Tanamedrove teqnikis dargSi mravalferovani Tburi amocanebis gadawyvetas emsaxureba. ganvlili drois manZilze Tburi milebis gamoyenebis sferos gafarToebasTan erTad izrdeba maTi konstruqciul nairsaxeobaTa ricxvi. MmaT Soris aRsaniSnavia regulirebadi Tburi milebi, romlebic, siTbo
s gadacemis problemasTan erTad, siTbos wyaros an siTbos mimRebis gansazRvruli temperaturuli reJimis uzrunvelyofis problemas wyvets.


saqarTveloSi Tburi milebis kvleva gasuli saukunis 60-iani wlebis miwurulidan iwyeba. muSaobas ZiriTadad eweoda mkvlevarTa (maT Soris am wignis avtorTa)Ajgufi  i. SeyrilaZis xelmZRvanelobiT jer stabiluri izotopebis samecniero-kvleviT institutSi, Semdeg saqarTvelos teqnikur universitetSi. damuSavebul da gamokvleul iqna regulirebadi Tburi milebis originaluri konstruqciebi da maTi funqcionirebis principebi, Tbogadacemisa da Termoregulirebis procesebi, maTi Seqmnis teqnologiuri sakiTxebi, Seiqmna da dainerga specialuri daniSnulebis mowyobilobani. avtorTa mier pirvelad iqna ganxiluli sakiTxTa kompleqsi, miZRvnili Tburi milebis saimedoobis maxasiaTeblebis gaangariSebisa da dasabuTebisadmi, agreTve egm-is gamoyenebiT maTi muSaobis modelirebisadmi.     samuSaoTa cikli Sejamda 1991 wels moskovSi `energoatomizdatis~ mier gamocemul monografiaSi.


Tburi milis, rogorc saimedo avtonomiuri mowyobilobis, efeqturobas gansazRvravs mis SigniT, Tbogadamtanis aorTqlebisa da kondensaciis meSveobiT, Tbogadacemis intensiuri procesebis ganxorcieleba. am dros ZiriTadi temperaturuli vardnebi modis swored aorTqlebisa da kondensaciis ubnebze anu iq, sadac Tburi nakadebis ganivi mimarTulebaa, xolo Tburi milebis korpusis gaswvriv Tbogadamtanis najeri orTqlis temperaturis cvlileba gradusis meaTedebs ar aRemateba. ukanaskneli faqtoris gamo, Tburi mili iZens kidev erT Rirsebas – siTbos sakmaod did manZilze gadacemis unars.


umartivesi Tburi milis principuli sqema warmodgenilia 1.1 naxazze. aqvs hermetuli, rogorc wesi, cilindruli korpusi (1), romlis siTbos mimReb bolos  aorTqlebis zona (2) hqvia, xolo meore, siTbos gamcem bolos _  kondensaciis zona (3). Kkorpusis (1) Siga zedapirze datanilia muSa TbogadamtaniT gaJRenTili kapilarul-forovani struqtura (4). mas sxvanairad patruqsac uwodeben. milis erTi, garedan miwodebuli (sxeulis gasacivebeli ubnidan Tburi miliT arTmeuli) siTbo aorTqlebs Txevad Tbogadamtans, orTqli moZraobs milis centralur nawilSi da milis boloSi kondensacias ganicdis garedan gacivebis gamo da gamoyofs fazuri gardaqmnis siTbos. es siTbo SeiZleba gabneul iqnes garemoSi an gamoyenebuli daniSnulebiT. Tbogadamtanis Txevadi faza (kondensati) patruqis gavliT brundeba aorTqlebis zonaSi kapilaruli Zalebis meSveobiT. swored kapilarobis gamoyenebaa  Tburi milebis damaxasiaTebeli Tavisebureba.
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Nnax. 1.1. Tburi milis sqema: 1 _ korpusi; 2 _ aorTqlebis zona; 3 _ kondensaciis zona; 4 _ kapilarul-forovani struqtura (patruqi)

Tbur milebTan mWidrodaa dakavSirebuli orfaza Termosifonebi, sadac kondensati aorTqlebis zonaSi brundeba gravitaciuli da ara kapilaruli Zalebis meSveobiT, rogorc es Tbur milebSi xdeba. amitom TermosifonebSi aorTqlebis zona unda ganTavsdes   kondensaciis zonis qvemoT, maSin, rodesac Tbur milebSi aorTqlebis zonas SeiZleba mieces nebismieri, maT Soris dedamiwis gravitaciis sawinaaRmdego orientacia. 


radgan  orTqlis nakadSi wnevaTa gradienti Zalze mcirea, temperaturaTa gradientic Tburi milebis gaswvriv umniSvnelo xdeba da efeqturi Tbogamtaroba maRalia. man SeiZleba 1000-jer gadaaWarbos anlogiuri sigrZis  mqone spilenZis Reros.


pirvel teqnikur problemaTa ricxvs, romelTa gadasawyvetad efeqturad iqna gamoyenebuli Tburi mili, ganekuTvneba siTbos saimedo transportireba sivrceSi gabneul wyaroebsa da mimRebs Soris.

efeqturia Tburi milebis gamoyeneba Tbur sistemebSi, romlebic moiTxovs siTbos miwodebis an arTmevis zedapirebis izoTermulobis uzrunvelyofas. aorTqlebisa da kondensaciis zonebSi Tbogacemis koeficientebis maRali mniSvnelobebiT SeiZleba  miRweul iqnes Tburi milis korpusis izoTermulobis maRali xarisxi.


Tburi mili nebismier Tbur mowyobilobaze ufro efeqturia, Tburi nakadebis simkvriveTa transformaciis TvalsazrisiT.   aqvs did farTobze gabneuli siTbos Sekrebis da  mcire farTobze koncentrirebis unari da piriqiT. am mxriv gawibovnebuli Tbogadacemis zedapirebic ki CamorCeba Tbur milebs.


Tburi milis mTavar Rirsebebs Soris Tbogadacemis problemasTan erTad aRsaniSnavia siTbos wyaros an mimRebis mocemuli temperaturuli reJimis uzrunvelyofis (Termoregulirebis da Termostatirebis) amocanebis gadawyvetac.  Termoregulirebis procesSi gamoiyeneba Tburi milis iseTi konstruqciebi, romlebsac  siTbos erTi mimarTulebiT gadacebis unari aqvs. isini siTbos ukumimarTulebiT praqtikulad ar atarebs (dioduri Tburi milebi).


ZiriTad faqtorebs, romlebic gansazRvravs Tburi milebis efeqturobas, miekuTvneba agreTve maTi funqcionirebis avtonomiuroba da maRali saimedooba.

Tbur milebSi mravalgvari formis da agebulebis kapilaruli struqtura gamoiyeneba. isini, rogorc zemoT iTqva, emsaxureba rogorc aorTqlebisa da kondensaciis procesebis intensiurobis zrdas, ise kondensatis transportirebas kondensaciis zonidan aorTqlebis zonaSi.. amgvar kapilarul struqturac sxvanairad patruqsac uwodeben. 

es formebia: Tburi milis  kedels  mWidrod midebuli homogenuri kapilaruli struqtura,   romelic SeiZleba iyos qsovili, boWkovani mina, mavTulis bade da a.S.;  marTkuTxa da sxva profilis mqone kedlis zedapirze Sesrulebuli Rarebi;  ekraniani Rarebi, romelTa upiratesoba isaa, rom icavs zedapirs wylis watacebisagan; ekraniani badeebi da rgoluri arxebi; gofrirebuli ekranebi;  arxebiani Kkapilaruli struqturebi;  arteriuli Kkapilaruli struqturebi. 


KTburi milebis kapilarul struqturebSi fazuri gardaqmnis procesebi specifikurobiT gamoirCeva. am procesebSi, rogorc wesi, adgili aqvs siTbos gadacemas Txeli samfaza Sris gavliT, sadac damatebiTi (mesame) fazis rolSi gamodis TviT Tburi milis patruqi.Ppatruqis mikrostruqturis, Tburi datvirTvis,  masalis da Tbogadamtanis Tbofizikuri Tvisebebis mixedviT fazaTaDSoris (siTxe-orTqli) sazRvris geometrias (anu siTxis dinebisa da Tbogacemis zedapirs)  mivyavarT Tbocvlis Sesabamisi maxasiaTeblebis mravalgvarobasTan. amasTan dakavSirebiT,  Tbogadacemis kanonzomierebebs sxvadasxva tipis Kkapilarul struqturebze aqvs ara marto saerTo niSnebi, aramed SesamCnevi gansxvavebac.


Kkapilarul struqturebs Sors TaviseburebaTa sxvadasxva rigiT gamoirCeva samkuTxa profilis xraxnuli zedapirebi. isini, sxvebisgan gansxvavebiT, qmnis fazuri gardaqmnis ufro did, Ria zedapirs. Tbur milebSi amgvari patruqi gvevlineba rogorc Tbogadacemis zedapiri, ise sasargeblo kapilaruli dawnevis generatori. sagulisxmoa agreTve misi damzadebis teqnologiuri simartive.
Tburi milebi farTod gamoiyeneba radioteqnikaSi, eleqtronikaSi _ optika-meqanikur da zust xelwyomSeneblobaSi  gacivebis, termostatirebis da Termoregulirebis mizniT, eleqtroenergetikaSi _ eleqtruli manqanebis rotorebisa da statorebis, transformatorebis xviaTa, mZlavri sanaTi da gammarTavi mowyobilobebis, agreTve Siga wvis Zravebisa da dizelebis gasaciveblad,  TboteqnikaSi _ ganaxlebadi energies wyaroebSi suiTbos efeqturi gadacemisaTvis, narCeni siTbos utilizaciisaTvis; metalurgiasa da liTongadamamuSavebel warmoebaSi _ qSinebis, Rumelebis qvedebis gasaciveblad,  izoTermuli Rumelebis Sesaqmnelad, saWreli instrumebntebis, sxmuli formebis, SeduRebis mowyobilobebis gasaciveblad;  msubuq da kvebis mrewvelobaSi _ Sesabamisi teqnologiuri procesebis optimaluri reJimebis Sesaqmnelad; samSeneblo masalebis warmoebaSi _ gaTbobisa da haeris kondicirebis sistemebisTvis,  betonisa da bitumis sawarmoeblad; samedicino teqnikaSi _ sisxlisa da qsovilebis nawilebis gasaTbobad da gasaciveblad; kosmosur teqnikaSi _ radfioizotopuri generatorebis gacivebisa da TermostatirebisaTvis. 
II Tavi
Tburi milebis agebuleba 
2.1. Tburi milebis tipebi 
sxvadasxva formis da konfiguraciis Tburi milebi arsebobs. isini dajgufebulia tipebisa da funqciuri daniSnulebis mixedviT an specialuradaa damzadebuli konkretuli obieqtis gasaciveblad. 2.1. naxazze warmodgenilia sxvadasxva formis Tburi milebi: 1 _ brtyeli; 2 _ moqnili; 3 _ Y-s magvari, 4 _ klaknila.
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Nnax. 2.1. sxvadasxva tipis Tburi milebi
2.2.  kapilaruli struqturebi (patruqebi)
rogorc zemoT iTqva, Tburi mili warmoadgens daxurul mowyobiloas, sadac muSa sxeulis masis gadatana orTqlis nakadSi unda kompensirdebodes kondensatis uku nakadiT. Oorfaza TermosifonSi siTxis dabruneba kondensaciis zonidan aorTqlebis zonaSi xorcieldeba gravitaciuli Zalebis meSveobiT. radgan maT SeuZliaT mxolod simZimis velSi imuSaon, amitom maTi gamoyenebis areali SezRudulia.  Tbur milSi ki kondensati gaxurebis zedapirTan brundeba kapilaruli struqturis (patruqis) gavliT zedapiruli Zalebis meSveubi gavleniT. siTxis gamtarunarianobis gasazrdelad patruqi SeiZleba damzaddes rgoluri ganivkveTis mqone arteriis saxiT magaliTad liTonis badiseburi qsovilisgan. Ppatruqs SeuZlia siTxis transportireba rogorc simZimis velSi, ise mis gareSe, Uufro metic, mis sawinaarmdegoc. Amitom Tburi milebis SesaZleblobebi Termosifonebze ufro farToa.

Tbur milebSi Tbogadamtanis aorTqlebisa da kondensaciis procesebi mimdinareobs kapilaruli struqturis Ria forebidan da normaluri   muSaobis 

uzrunvelsayofad saWiroa, rom aorTqlebis procesi mudam iyos zedapiruli. sxva SemTxvevaSi orTqlis buStis warmoqmna 
kapilaruli struqturis SigniT arRvevs mis satransporto Tvisebebs da gamohyavs Tburi mili mwyobridan.
Tbur milebSi mravalgvari formis da agebulebis kapilaruli struqtura gamoiyeneba. isini emsaxureba, rogorc zemoT iTqva, rogorc aorTqlebisa da kondensaciis procesebis intensiurobis zrdas, ise kondensatis transportirebas. es formebia: Tburi milis  kedels  mWidrod midebuli homogenuri kapilaruli struqtura,   romelic SeiZleba iyos qsovili, boWkovani mina, mavTulis bade da a.S.;  marTkuTxa da sxva profilis kedlis zedapirze Sesrulebuli Rarebi;  ekraniani Rarebi, romelTa upiratesobaa isaa, rom icaven zedapirs wylis watacebisagan; ekraniani badeebi da rgoluri arxebi; gofrirebuli ekranebi;  arxebiani Kkapilaruli struqturebi;  arteriuli Kkapilaruli struqturebi. 


fazuri gardaqmnis procesebi KTburi milebis kapilarul struqturebSi specifiuri gansakuTrebulebiT gamoirCeva. Aam procesebSi, rogorc wesi, adgili aqvs siTbos gadacemas Txeli samfaza Sris gavliT, sadac damatebiTi (mesame) fazis rolSi gamodis TviT Tburi milis patruqi.Ppatruqis mikrostruqturis, Tburi datvirTvis,  masalis da Tbogadamtanis Tbofizikuri Tvisebebis mixedviT, fazaTaDSoris (siTxe _ orTqli) sazRvris geometrias (anu siTxis dinebisa da Tbogacemis zedapirs),  mivyavarT Tbocvlis Sesabamisi maxasiaTeblebis mravalgvarobasTan. amasTan dakavSirebiT,  Tbogadacemis kanonzomierebebs sxvadasxva tipis Kkapilarul struqturebze gaaCniaT ara marto saerTo niSnebi, aramed SesamCnevi gansxvavebanic.


Kkapilarul struqturebs Sors mTeli rigi TaviseburebebiT gamoirCeva samkuTxa profilis xraxnuli zedapirebi. isini sxvebisgan gansxvavebiT qmnian fazuri gardaqmnis ufro did, Ria zedapirs. Tbur milebSi amgvari patruqi gvevleneba rogoc Tbogadacemis zedapiri, ise sasargeblo kapalaruli dawnevis generatori. sagulisxmoa agreTve misi damzadebis teqnologiuri simartivec.

   Nnaxazze  2.2 warmodgenilia Tbur milebSi gamoyenebuli kapilaruli sruqturebis nawili, sadac 1 _ Tburi milis korpusia; 2 _ kapilaruli struqturaa; a) _ ramdenimefeniani bade; b) _ liTonis qsovili; g) _ Rarebi.
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2.2. Tbur milebSi gamoyenebuli kapilaruli struqturebi

2.2.1.  duRilis Rrmulebiani zedapirebi


Tburi milebis aorTqlebis gaxurebis zedapirebze Ria kapilaruli struqturebi  (forebi, Rrmulebi) faqtobrivad  SeuzRudavi raodenobis  orTqlwarmoqmnis stabiluri  centrebia, romlebsac ufro didi geometriuli zomebi aqvs teqnikurad damuSavebuli  zedapirebis  duRilis bunebriv centrebTan SedarebiT. am tipis kapilaruli struqturebis farTo Seswavlas da gamoyenebas safuZvlad daedo i. SeyrilaZisa da g. ratianis mier ganviTarebuli duRilis dros Tbogadacemis procesis fizikuri modeli da Teoria, romelic gaxurebis zedapiris mikrogeometriis modelsac Seicavs. aRniSnuli modeli wina planze ayenebs kedlis zedapirze orTqlis buStis warmoqmnisa da zrdis Termodinamikuri pirobebis makontrolebel rols TbogadacemaSi.

am modelis Tanaxmad, orTqlwarmoqmnis centris efeqturi radiusi  kritikuli Canasaxis radiusis anu fazaTa gamyofi zedapiris simrudis im minimaluri radiusis tolia, romelic am centrSi  orTqlis fazis Canasaxis stabilurad zrdis procesis SesanarCunebladaa saWiro. amasTan, Tbogadacemis intensifikaciis ZiriTad gzas zedapirze mravalricxovani  orTqlwarmoqmnis  efeqturradiusiani didi zomis centrebis arseboba warmoadgens.

idealur variantSi duRilis zedapiri ganixileba, rogorc  Tanabari orTqlwarmoqmnis centris efeqturi radiusis mqone konusTan miaxloebuli formis Rrmulebis (duRilis centrebis) SeuzRudavi raodenobis erTobloba. amasTan iTvleba, rom orTqlwarmoqmnis centris efeqturi radiusi  erTnairia, miuxedavad imisa, centriUmoqmedia TuUpotenciuri (anu jer kidev umoqmedoa). 

rogorc cnobilia, teqnikaSi gamoyenebuli liTonis zedapirebi didi raodenobis amonazardebisa da Rrmulebis erTobliobaa, romelTa zomebis ganawileba garkveul statistikur kanonzomierebas eqvemdebareba. am zedapirTa xaoianobis Sefasebis zogadad miRebuli meTodika ZiriTad parametrad iTvaliswinebs mikrouTanabrobebis saSualo simaRlis tol  e.w. saSualo kvadratul xaoianobas. 

 2.3 naxazze rezervuaris tipis Rrmulebiani duRilis zedapirebis sxvadasxva variantia warmodgenili.  saorTqlebeli milis fragmenti gaswvriv WrilSia mocemuli (nax. 2.3, 1),  garedan gakeTebuli spiraluri an rgoluri  ganivi wiboebiT. wiboebis napirebi CaRunulia qvemoT, mezobeli wiboebis mxares. amgvarad, milis garSemo iqmneba naxevrad daxSuli Rruebi. wiboebis zeda nawilebs aqvs gafarToebuli  ubnebi kbilanebis an amonaRebis saxiT, asaorTqlebeli  siTxis  RruebSi  gasatareblad.  2.3,  2  naxazze warmodgenili orTqlwarmoqmnis zedapiri ori fenisgan Sedgeba. pirvels, maduRar TbogadamtanTan kontaqtSi myof fenas, Tbogadamtanis    mxares   gakeTebuli aqvs   konusuri   naxvretebi, romlebic TandaTan viwrovdeba. meore fena uwyvetia da mduRare Tbogadamtanis sawinaaRmdego mxaresaa ganTavsebuli.
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nax. 2.3. orTqlwarmoqmnis Rrmulebiani zedapirebi: 1 _ gawibovnebuli

vertikaluri saorTqlebeli mili; 2 _  orTqlwarmoqmnis orfenovani

zedapiri; 3 _ Rrmulovani cilindris formis orTqlwarmoqmnis centrebi; 

4 _ SeviwroebulRreCoiani paraleluri arxebi orTqlis

amosasvleli  forebiT

Tbogadamcemi zedapirebi  wiboebis, arxebis,  naxvretebisa da Rrmulebisgan Semdgari  sistemebia (nax. 2.3, 3 da 4). magaliTad, 2.4 naxazze warmodgenilia saorTqleblis zedapiri, romelic  Sedgeba sworkuTxa profilis ganivi Rarebisagan (1), romlis gverdebs aqvs Rarebis gamosasvleli RreCoebis Semaviwroebeli  simetriuli Sverilebi (2). Sverilebi Sesrulebulia Rarebis gaswvriv garkveuli bijiT daSorebuli wamonazardebiT (3). zedapiris am detalebiT iqmneba rezervuaris tipis Rrmulebis garkveuli sistema. 

ganxiluli saorTqlebeli zedapiris  TiToeuli Rru, Seqmnili  mezobeli Sverilebisa (2) da wamonazardebis (3) mier, erTxel Seivseba ra  gaziT an orTqliT orTqlwarmoqmnis procesis dasawyisSi,  iqceva orTqlwarmoqmnis stabilur centrad zedapiris mcire gadaxurebis ((Ts < 1 K) pirobebSic ki. am moculobis gazis an orTqlis arsebobisas siTxes dasvelebadobis ZalebiT ar SeuZlia maTi daWera da SeuZlia Seavsos mxolod gazis gaxsnisa da orTqlis kondensaciis SemTxvevaSi. Tu zedapiris temperatura najerobis temperaturaze maRalia (0,5 mm siganis RarisaTvis es gadaxureba gradusis meaTedze naklebia), kondensaciis procesi SeuZlebelia da sivrce orTqliT ivseba, iqceva ra Rarebi mimdevrobiT ganTavsebuli orTqlwarmoqmnis centrebis sistemad. garda amisa, Rarebis zedapirsa da sadebebs Soris warmoqmnili RreCoebi xels uwyobs RarebSi orTqlis narCenebis darCenas, siTxis meqanikuri an dartymiT gamowveuli SeRwevis SemTxvevaSi da  Rruebs  unarCunebs      orTqlwarmoqmnis unars. 

muSaobis stabiluri reJimis misaRwevad aucilebelia aRwerili saorTqleblisgan Semdgar Tbogadamcemis gaSvebis sawyis periodSi RarebSi gazis an orTqlis yofnis uzrunvelyofa. es piroba sruldeba sxvadasxvanairad: SeiZleba jer mSral mdgomareobaSi myofi saorTqlebeli gaxurdes da Semdeg miewodos mduRare Tbogadamtani, ris Sedegadac gazi (haeri) RruSi aRmoCndeba Caketili da Semdeg  orTqliT Seicvleba. Tu Tbogadamtanma  datbora civi zedapiri da daasvela yvela Rru, maSin Tbogadamcemis gaSvebis pirvel periodSi sakmarisi iqneba zedapiris Zlieri gadaxureba da duRilis bunebrivi centrebis warmoqmna da amoqmedeba, rac gamoiwvevs Rruebis orTqliT Sevsebas, ris Semdeg SesaZlebeli iqneba mcire gadaxurebebze gadasvla orTqlwarmoqmnis unaris sruli SenarCunebiT.

zemoaRwerili spilenZisagan damzadebuli saorTqlebeli elementi kapilaruli Rruebis 0,2 mm zomis gamosasvleli RreCoTi gamoicada distilirebuli wylisa da azotis duRilis pirobebisaTvis. eqsperimentebis Sedegebi a, (T koordinatebSi  3.5 da 3.6 naxazebzea warmodgenili.  
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nax. 2.4. rezervuaris tipis Rruebiani saorTqlebeli  zedapiri:



 1.  ganivi Rarebi; 2.  Sverilebi; 3.  wamonazardebi

     2.2.2  forovani kapilaruli struqturebi


forovan kapilarul struqturebsac aqvs Tbogacemis mniSvnelovani intensifikaciis unari, Tumca es procesi rTulia da bevr faqtorzea damokidebuli. Tbogacemis maRali intensiuroba forovani fenis SigniT, fazaTa gamyof zonaSi, kapilarul arxebSi dakavSirebulia siTxis dinebiT gamowveuli konveqciuri Tbogacemis koeficientis maRal mniSvnelobebsa da kapilaruli struqturis zedapiris ganviTarebasTan. 

duRilis zedapirebze forovani struqturebis warmoqmna xorcieldeba liTonis (ZiriTadad, spilenZisa da aluminis) fxvnilis plazmuri dafrqveviT, eleqtrolituri daleqviT, burTulebis SecxobiT an mirCilviT, uxarisxo miduRebiT, aqafebuli liTonuri fenis dataniT da a.S. erT-erTi,  kerZod, Secxobili forovani zedapiri warmodgenilia 3.7 naxazze.        
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nax. 2.5. Secxobili forovani zedapiri
2.2..3.  Rarebiani kapilaruli struqturebi

Tanamedrove Tbogadamcemi da maregulirebeli sistemebis (e.w. Tburi milebis) mzardma ganviTarebam biZgi misca efeqturi gaxurebis zedapirebis damuSavebisa da  siTxis ganawilebis  da transportirebis iseTi saSualebebis  Seswavlasa da gamoyenebas, rogoricaa Rarebiani kapilaruli struqturebi. Rarebis profili mravalnairi SeiZleba iyos: samkuTxa, trapeciuli, sworkuTxa, naxevarwriuli (nax. 3.9), geometriuli zomebi 0,8 mm ar unda aRematebodes.  

Rarebian kapilarul struqturebs amzadeben gawelviT, eleqtronaperwkluri damuSavebiT, saxarato Carxze xraxnuli dakuTxviT, furclovani masalis daStampviT. xraxnuli Rarebis dakuTxvisas aucilebelia maTi geometriuli formis mkacri dacva, radgan am  formazea damokidebuli kapilaruli dawnevis ganviTareba.
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nax. 2.6. sxvadasxva profilis  kapilaruli Rarebi

Catarebuli kvlevebis mixedviT dasaxelebulTa Soris gansakuTrebuli efeqturobiT gamoirCeva samkuTxa profilis mqone paraleluri xraxnilRarebiani kapilaruli struqturebi. aseTi kapilaruli struqtura ara marto orkomponentian kombinirebul (liToni + siTxe) Tbogacemis Sres qmnis, romelzec siTxis meniskis Ria zedapiris wili mTliani zedapiris TiTqmis 100%-s Seadgens, aramed TviTregulirebadi cvladi sasargeblo kapilaruli dawnevis generatoradac gvevlineba. amasTan, sasargeblo kapilaruli dawnevis cvalebadoba SesabamisobaSia Tburi datvirTvis cvalebadobasTan (datvirTvis zrdis Sedegad gazrdili moTxovnili dawneva avtomaturad zrdis sasargeblo kapilarul dawnevas). 

aRniSuli TviTregulireba im garemoebiT aris ganpirobebuli, rom arsebuli kapilaruli dawnevis arasakmarisobis SemTxvevaSi (roca zedapirs siTxis Sewova “uWirs”) meniskis zeda nawili Srobas iwyebs da  arxSi Rrmavdeba. Sesabamisad mcirdeba moqmedi kapilaruli zoma (arxis sigane meniskis zedapiris kveTSi), rac zrdis sasargeblo dawnevas da siTxis Sewovis unars. Sedegad Tbur sistemaSi myardeba axali Termohidrodinamikuri wonasworoba. aRsaniSnavia, agreTve xraxnilRarebiani kapilaruli zedapirebis meqanikuri damzadebis teqnologiuri simartive.
2.2..4. liTonboWkovani da badiseburi kapilaruli struqturebi


Tbur milebSi, garda Rarebiani da forovani struqturebisa, gamoiyeneba   liTonboWkovani da baduri kapilaruli struqturebi. liTonboWkovani kapilaruli struqturebis konstruqciuli elementebia spilenZis, uJangavi foladis, nikelis, aluminis da zogierTi sxva liTonis boWkoebi. maTi damzadebis teqnologiuri safuZvelia moqsovis, Secxobisa da dawnexis procesebi. amgvarad, Secxobili liTonuri boWkoebisagan Semdgari forovani masala  sakmaod mtkice konstruqciaa, romelsac SeiZleba mieces nebismieri konfiguracia da zomebi.  liTonboWkovani kapilarebis struqturuli maxasiaTeblebia: boWkos diametri (10. . .100) mkm; boWkos sigrZe (1. . .10) mm da moculobiTi forovneba (0,5. . .0,95). liTonboWkovani kapilaruli struqturebis damaxasiaTebeli Tavisebureba araziari (Cixuri, daxuruli) forebis uqonlobaa, ris gamoc maTSi forovani sivrce srulad SeRwevadia. es garemoeba aixsneba diskretuli boWkoebis RerZuli daumTxvevlobiT. baduri kapilaruli struqturebic, wnulis saxiT (kvadratuli, sarJuli) sxadasxva liTonisgan (uJangavi foladi, spilenZi, TiTberi, nikeli da a.S.)   mzaddeba. didi mniSvneloba aqvs maT saimedo kontaqts gaxurebis zedapirTan, rac gansazRvravs kapilaruli struqturis efeqturobas. kedelTan misi miWerisTvis iyeneben spiralur zambarebs. struqtura SeiZleba  zedapirTan wertilovnad miduRdes   an Secxobil iqnes.

farTod aris Seswavlili mravali Tbogadamtanis (azoti, wyali, eTanoli, freon_22, freon_113) orTqlwarmoqmnis reJimebi,  gansxvavebuli Tbogamtarobisa da mikrogeometriuli maxasiaTeblebis mqone  kapilarul  zedapirebze. Tbogacemis koeficientebsa da Tbur nakadebs Soris  damokidebuleba warmodgenilia 3.15 naxazze, sadac 1 aris gluvi zedapiri; 2 _ wvrilforovani, xolo 3 _ msxvilforovani liTonboWkovani kapilaruli zedapiri. 

Tburi nakadebis mcire mniSvnelobisas   kapilarul struqturaSi adgili aqvs siTbos TbogamtarobiT  gavlas da orTqlis moculobisken mimarTuli zedapiridan siTxis sufTa aorTqlebas. am                                     SemTxvevaSi Tbogacemis   koeficientis mniSvneloba erTi rigiT metia, vidre  gluvi zedapiris SemTxvevaSi  (Tavisufli konveqciis ubani). duRilis buStovani reJimis drosac Tbogacemis intensiuroba ufro maRalia, vidre gluv zedapirze. es reJimi ori zonisagan Sedgeba: pirvel zonaSi (-s   gavlena  q-ze analogiuria duRilis procesisa gluv zedapirze; meore zonaSi (-s damokidebuleba   q-ze mniSvnelovnad sustadaa gamoxatuli. Tburi nakadis Semdgom zrdas procesi mihyavs duRilis krizisTan. kapilarul struqturebSi duRilisas kritikuli Tburi nakadi forovnebis mixedviT SeiZleba aRmoCndes meti an naklebi, vidre gluv zedapirze.

baduri kapilarul struqturaze orTqlwarmoqmnis gamokvlevebis analizi gvaZlevs siTbos arTmevis meqanizmebis axsnas  da cdis monacemTa  gabnevas imis mixedviT, Tu rogori teqnologiiTaa damzadebuli eqsperimentuli ubnebi.

gamokvleuli baduri kapilaruli zedapiris ganivi Wrili mocemulia 3.15 naxazze. eqsperimentebSi gamoyenebuli uJangavi foladisa da spilenZis 2, 8 da 12 -feniani badis ujredebis zoma  0,07 da 0,1 mm - ia.         
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nax. 2.7. badiseburi kapilaruli zedapiri 

2.3. Tbur milebSi gamoyenebuli Tbogadamtanebi
Tburi milis muSa procesis gansaxorcieleblad aucilebelia, rom misipatruqi da kedlispira sxva kapilaruli struqturebi yovelTvis iyos Tbogadamtanis Txevaddi faziT gaJRenTili. dReisTvis daproeqtebul Tbur milebSi mravali Tbogadamtania gamoyenebuli, _ kriogenuli siTxeebiT dawyebuli da Txevadi liToebiT damTavrebuli. Aam niSniT Tburi milebi SeiZleba daiyos kriogenul,  TxevadliTonur da zomiertemperaturul milebad. zRvari kriogenul da zomiertemperaturul milebs Soris aris 122 K,K xolo zomiertemperaturulsa da TxevadliTonur  milebs Soris temperatura _ 628. K.  es sazRvrebi logikuradaa dasabuTebuli, radgan: 1) wyalbadis, neonis, azotis, Jangbadis, kriptonis da meTanis.
normaluri duRilis temperaturebi 122 K qvemoTaa, 2) iseTi liTonebis duRilis    wertilebi, rogoricaa vercxliswyali, ceziumi, natriumi, liTiumi da vercxli,  sxedan 628. K zemoT,  3) yvela Cveulebriv cnobili samacivaro agentebi da siTxeebi (freonebi, metanoli, amiaki, wyali)  normaluri atmosferuli wnevis dros duRan 122 K  da 628. K temperaturebs Soris. aRniSnuli klasis Tburi milebis muSa TbogadamtanTa temperaturuli intervalebi warmodgenilia 2.8 naxazze. 
yvelaze arsebiTi gansxvaveba Tburi milebis am sam klass Soris garda temperaturuli intervalebisa,  warmoadgens gadacemuli maqsimaluri simZlavris mniSvnelobebi da temperaturis dawnevebi. zomiero temperaturiis tipiuri amiakis Tburi mili erTi rigiT met siTbos gadascems vidre analogiuri geometriis kriogenuli (azotis)  mili. es  gansxvaveba ufro mniSvnelovani iqneba TxevadliTonuri milisaTvis. aseve sxvadasxva temperaturuli dawnevebia saWiro samive klasisaTvis erTidaigive Tburi datvirTvebis SemTxvevaSi. maxasiaTeblebis es gansxvaveba aixsneba TxevadliTonebis zedapiruli daWimulobis koeficientis, aorTqlebis faruli siTbosa da Tbogamtarobis maRali mniSvnelobebiT zomiertemperaturul da kriogenul siTxeebTan SedarebiT. maRali zedapiruli daWimuloba Seesabameba kapilarebis met gadasaqaC unars, aorTqlebis siTbos maRali mniSvneloba Seesabameba siTbos ufro efeqtur gadacemas, xolo maRali Tbogamtaroba _ rogorc saorTqleblis, isre kondensatoris patruqSi mcire temperaturul dawnevebs. es da kidev mravali sxva Tavisebureba (duRilis movlena, gaSvebis dinamika, liTonisa da siTxis SemTavsebloba) im mizezebs warmoadgens, romlebic ganapirobeben TxevadliTonuri, saSualotemperaturuli da kriogenuli Tburi milebis gaangariSebisa da konstruirebis mimarT wayenebul moTxovvnebs. 
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Nnax. 2.8. Tburi milebis muSa temperaturuli intervalebi da TbogadamtanTa najerobis temperaturebi
IIII Tavi

 regulirebadi Tburi milebi 

3.1. Tburi milebis regulirebis principebi

regulirebadi Tburi milebi (rTm) yvelaze xSirad wyveten siTbos gamcemi an mimRebi wyaros temperaturis daWeris amocanas mocemul zRvrebSi.  specifikur situaciebSi (rTm)  mimarT SeiZleba daisvas sxva amocanebic, magaliTad Tburi nakadis gadacema mxolod erTi mimarTulebiT,  Tburi nakadis mimarTuleba,  mocemul pirobebSi Tburi nakadis CarTva da gamorTva.

(rTm) konstruqciuli sxvadasxvaob efuZneba Tbogadacemis regulirebis fizikuri principebis gamoyenebas. erTerT yvelaze damuSavebul princips warmoadgens orTqlis kondensaciis farTobis cvlilebis gziT Tburi nakadis regulireba Tbur milSi,  rac xerxdeba arakondensirebadi airis buferis meSveobiT. amgvar Tbur milebSi raime  specialuri gadamwodebis  an moZravi maregulirebeli kvanZebis sruliad ararseboba gansazRvravs maT avtonomiurobas da maRal saimedoobas da ganapirobebs farTo gamoyenebas Termostabilizaciis sistemebSi.

 (rTm) rigi konstruqciuli nairsaxeobisa efuZnebia Tbogadamtanis cirkukirebad nakadebze UUuSualo zemoqmedebas. zemoqmedeba xorcieldeba sxvadasxva tipis kvanZSi ZiriTadad moZravi detalebis saSualebiT, rac amcirebs Tburi milebis saimedoobas da aaxloebs Cveulebr marTvadsarqvelebiani Termoregulirebis sistemebTan.

zogierT (rTm) moqmedebs aorTqlebis zedappiris gaSiSvlebis an Tbogacemis zedapirebis Warbi TbogadamtaniT   Sevsebis principiT.

iseTi tipis Tbur milebSi, sadac Togadamtanis cirkulacia warmoebs gare zemoqmedebiT (orTqllifturi, eJeqtoruli, elqtrodinamikuri), Termoregulirebis ganxorcieleba SesaZlebelia am zemoqmedebis intensiurobis cvlilebebiT. 


TermoregulirebaSi gamoyenebas poulobs  TbogadamtanTa fazuri gardaqmnebic (Txevadi Tbogadamtanis sruli gadasvla orTqlis an myar mdgomareobaSi).

Termoregulirebis specifiuri reJimebiT xasiaTdeba mravalkomponentiani TbogadamtanebiT gamarTuli Tburi milebi..
3.2. airregulirebadi Tburi milebi

airregulirebadi Tburi mili arakondensirebadi airis civi  rezervuariT warmodgenilia 3.1 naxazze, 1 _  aorTqlebis  zonaa; 2 _ transportirebis zona; 3 _ kondensacis zona; 4 _ arakondensirebadi (buferuli) airis   rezervuari; 5 _ buferuli airiT dablokili zona; 6 _ kapilaruli struqtura.
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nax. 3.1. airregulirebadi Tburi mili buferuli airis civi rezervuariT
kondensaciis zonis gacivebisas arakondensirebadi airiT gaJRenTili orTqlis kondensacias Tan axlavs  orTqlisa da airis gayofa maT Soris gardamavali zonis gaCeniT, romlis sigrZe damokidebulia procesis parametrebze da arxis geometriaze. airregulirebadi Tburi milis kondensaciis zonaSi orTqlisa da airis gayofis procesis sqema naCvenebia 3.2 naxazze.
[image: image11.png]S e X TR A AT AV A ATAVAVAVAV A,V VP, 9, &

».
AL I MR LA AR RS

R T T T B




nax. 3.2. orTqlisa da airis gayofis sqema
       3.2 naxazze Tk - kondensaciis temperaturaa; To _ garemomomcveli aris  temperaturaa. rogorc naxazidan Cans muSa procesSi orTqlisa da airis difuziuri urTierTSeRwevadoba  SezRudulia da gardamavali ubani (gayofis fronti) SedarebiT pataraa. airregulirebadi Tburi milis stacionarul reJimSi muSaobisas , romelsac Seesabameba frontis fiqsirebuli mdgomareoba,   wneva sufTa orTqlis mxidan tolis wnevisa arakondesirebadi airis mxridan. airregulirebadi Tburi milis aorTqlebis zons temperaturis zrdiT an SemcirebiT gamowveuli orTqlis wnevi nebismieri cvlileba iwvevs frontis gadanacvlebas axal mdgomareobaSi. amasTan erTad bunebrvia, icvleba orTqlis kondensaciis farTobi,   anu Tburi nakadis gadacemis unari najerobis temperaturis (Sesabamisad siTbos wyaros temperaturis) garkveul diapazonSi mudmivobis SenarCunebiT.
       amgvarad,   airregulirebadi Tburi mils Seswevs siTbos wyaros Termostabilizaciis 
nary masSi Tburi simZlavris cvlilebebis SemTxvevaSi.
arakondensirebadi airis rezervuaris ganTavseba gamacivebel areSi amcirebs gasacivebeli obieqtis (siTbos wyaros) Termostabilizaciis xarisxs, radgan gamacivebeli aris temperaturis nebismieri cvlilebiT icvleba buferuli airis temperaurac,  rac iwvevs airis wnevis da Sesabamisad Tbogadamtanis najerobis temperaturis cvlilebasac.. es xarvezebi SesaZlebelia moispos buferuli airis siTbos wyaros zonaSi ganTavsebiT (nax. 3.3), sadac 1 – arakondesirebadi airis rezervuaria; 2 _ SemaerTebeli milia; 3 _ kapilaruli struqturaa; 4 _ aorTqlebis zonaa.  
[image: image12.png]B L L L L W WL W WA W . L W, . W e
T L T e W Ve . S T L W . . . S o . W . e e

rra)

T A WL AL W WL W W W . S Y W WA Y
AW W WA WAV A AT AT AT AT A AT S

_

i




nax. 3.3. airregulirebadi Tburi mili cxeli rezervuariT
cxeli rezervuaris principi realizdeba agreTve 3.4 naxazze warmodgenil airregulirebad Tbur miliSi damxmare Tburi miliT da Tboizolirebuli rezervuariT. damxmare Tburi mili mcire simZlavrisaa. misi aorTqlebis  zona mudmivad imyofeba Tbogadamtanis orTqlSi da acxelebs arakondensirebad airs. damxmare milis kondensaciis zonis gawibovneba da rezervuars Tboizolacia airs amyofebs TiTqmis najerobis temperaturul pirobebSi.
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nax. 3.4. airregulirebadi Tburi mili damxmare mcire Tburi miliT

3.3. Tburi milebi Tbogadamtanis cirkulaciis regulirebiT
3.5. _ 3.8 naxazebze warmodgenilia regulirebadi Tburi milis konstruqciuli nairsaxeoba, romelic emyareba Tbogadamtanis siTxis an orTqlis fazis nakadis wyvetas gasacivebeli obieqtis temperaturis mixedviT.  
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nax. 3.5. regulirebadi Tburi mili Tbogadamtanis  siTxis (a) da  orTqlis (b) fazis gamwyvetebiT 
regulirebad Tbur milSi (nax. 3.5 a) termomgrZnobiare elementi damzadebulia bimetaluri details saxiT, romelic wyvets an aRadgens kapilarul kavSirs patruqis nawilebs Soris aorTqlebiszonis temperaturis mixedviT. dasaSvebi maqsimaluri temperaturis gadaWarbebis SemTxvevaSi kavSiri aRdgeba da iwyeba siTbos wyaros gacivebis procesi,  temperaturis dacemisas ki dasaSveb minimalur donemde kavSiri wydeba da gaciveba Cerdeba. 
3.5 b naxazze naCvenebi orTqlis sarqveli imarTeba TermomgrZnobiare elementiT, romlis moculobis cvlileba aorTqlebis zonis temperaturisgan damokidebulebis mixedviT uSualod cvlis sarqvelis gaxsnis zomas. 
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nax. 3.6. regulirebadi Tburi mili siTxis rezervuariT

       Tbogadamtanis cirkulaciaze zemoqedeba SesaZlebelia ara marto nakadebis wyvetiT,  aramed cirkulaciis procesSi monawile Tbogadamtanis masis cvlilebiT. 3.6 naxazze gamosaxulia regulirebadi Tburi mili siTxis rezervuariT, sadac 1 _ siTbos wyaroa; 2 _ bimetaluri firfita; 3 _ Tbosatari; 4 _  siTxis rezervuari; 5 _ Tburi ilis korpusi. rezervuari ori TbosatariT dakavSirebulia siTbos wyarosTan da gamacivebel aresTan. Tburi kavSiri siTbos wyarosTan Sewydeba an aRdgeba siTbos wyaros temperaturisda mixedviT bimetaluri firfitis daxmarebiT. Sesabamisad rezervuarSi midis an aorTqlebis procesi, siTxe gamoiwneva patruqSi da Tburi milis simZlavre matulobs, an midis kondensaciis procesi siTxis patruqidan gamowoviT da wyaros gaciveba Cerdeba Tbogadamtanis cirkulaciis Sewyvetis gamo.
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nax. 3.7. orTqllifturi regulirebadi Tburi mili
        Tbogadamtanis  cirkulacia aqtiuri regulirebis obieqts warmoadgens orTqllifturi Tburi mili, romelic gamosaxulia 3.7 naxazze. igi gamoiyeneba im SemTxvevebSi,  rodesac siTxis transportireba saWiroa simZimis velis sawinaaRmdego mimarTulebiT.
        orTqlwarmoqmna SeiZleba gamoviyenoT ara marto  cirkulaciis Sesaqmnelad, aramed mis SesazRudad. 3.8 naxazze warmodgenilia aqtiurad regulirebadi Tburi mili, sadac 1 _ transportirebis zonaaa; 2 _ kapilaruli arxi; 3 _ gamacxelebeli. mTeli siTxe grovdeba transportirebis ubanze erT kapilarul arxSi. gamacxeleblis CarTvisas warmoiqmneba orTqlis buSti, romelic gadaketavs siTxis nakads da Tburi mili gamoirTveba. gamacxelebis gamorTvisas buSti kondensirdeba, nakadi aRdgeba da Tburi mili CairTveba.
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nax. 3.8. regulirebadi Tburi mili siTxis nakadis buStovani SemzRudaviT

3.3. orkomponentiani regulirebadi Tburi milebi
erTfaza da orfaza Termosifonebi  Tburi  nakadis   regulirebis   amocanas cxadia Tavs ver arTmeven. am aspeqtiT wina planze SeiZleba  gamovidnen ufro rTuli, orkomponentiani Termorgulirebis  sistemebi.  garkveuli pirobebis dacviT aseT Tbur milebSi Tbogadamtanis narevis  komponentebi  iyofian  da korpusis sigrZeze  qmnian  najerobis  mkveTrad  gansxvavebul  temperaturul zonebs. narevis komponentebi qmnian calkeul sacirkulacio  konturs da milis Sua nawilSi Semrev zonas. ori komponentis Semcveli Tbomgadamtaniani Tburi milis muSaobis principuli sqema warmodgenilia 6.15 naxazze. maRaltemperaturuli komponenti (Tburi milis muSa wnevis  Sesabamisi najerobis temparaturis mixedviT) orTqldeba Tburi milis gacxelebad ubanze (1) da kondensirdeba Serevis zonaSi (2), gadascems ra siTbos masTan kontaqtSi myof dabaltemperaturul komponents. es ukanaskneli, Tavis mxriv, siTbos garemosadmi gadacemiT kondensirdeba Tburi milis gacivebad zonaSi (3). 
[image: image19.png]XX EE R AL EEEE LRI EEEIL A X I XX XL
SN NSNS N NN NSNS NSNS U SISNUONOSIININUNNNNND

T

f 4 {

| |
B
|
||
L]
\N
| |
||
]

By

L L Ll L L s

e

/L L L Ll (Ll Ll L Ll L Ll Ll Ll L L
[ 4Ll LLLALLLLLL (2L L LLLL L L L L L XLl L L L8l L8

L L Ll





nax. 6.15. orkomponentiani Tburi milis              nax. 6.16. regulirebadi 

    principuli sqema                                     Tburi mili
Tburi milis korpusis temperaturul vels Sesabamisad mudmivi temperaturis ori zona (maRali da dabali) da am temperaturebs Soris SedarebiT mcire gardamavali (Tbogadamtanis komponentebis Serevisas zonasTan damTxveuli) zona gaaCnia. Tumca komponentebis SerCevisas praqtikulad maTi sruli gayofis piroba ar sruldeba da milis gaswvriv temperaturuli veli kargavs mkafiod gamoxatul safexurian saxes. mravalkomponentiani Tbogadamtanis gamoyenebisas Siga RruSi iqmneba mniSvnelovani temperaturuli dawnevebi. rac TavisTavad Tburi milis efeqturobis Semcirebisa da misi mTavari Rirsebis – Tburi milis sigrZeze Tbogadamtanis orTqlis najerobis temperaturis minimaluri vardnis uaryofis tolfasia.

aqedan gamomdinare, Termoregulirebis amocanebis gadawyvetas ukeTesad moaxerxebdnen iseTi Tburi milebi, romelTa Tbogadamtani Txevad fazaSi Seicavda Seurevad komponentebs. zogadad, aseTi Tburi milis funkcionirebis originaluri xerxi gulisxmobs mowyobilob gaTiSvas im momentSi, rodesac siTbos mimRebi obieqtis temperatura gadaaWarbebs winaswar mocemul mniSvnelobas. xerxis realizaciis umartivesi sqema Tburi milis saxiT warmodgenilia 6.16 naxazze. Tburi mili Seicavs korpuss (1) aorTqlebis (2) da kondensaciis (3) zonebiT da kapilarul-forovan Semavsebels (4). Tburi mili ase muSaobs:  siTbos wyarodan aorTqlebis zonaSi miwodebuli siTbo aorTqlebs korpusis RruSi myof muSa sxeuls (Tbogadamtanis Txevad fazas). warmoqmnili orTqli milis cocxali kveTis gavliT miewodeba kondensaciis zonas, sadac kondensiredeba, gascems ra siTbos gasaTbob obieqts. kondensati gravitaciuli Zalebis meSveobiT brundeba ukan, aorTqlebis zonaSi. buferuli siTxis Semavsebeli moTavsebulia kondensaciis zonis boloSi da Sesrulebulia kapilarul-forovani masalisagan. Semavsebeli gaJRenTilia iseTi siTxiT. romlis duRilis temperatura tolia gasaTbobi obieqtis temperaturisa. buferuli siTxis (magaliTad, freonis) duRilis temperatura yovelTvis dabali unda iyos muSa sxeulis duRilis temperaturaze. rodesac gasaTbobi obieqtis temperatura     saWiro   mniSvnelobas   gadaaWarbebs.     buferuli     siTxe aorTqldeba. warmoqmnili orTqli, romelic am momentSi arakondensirebadi gazis rolSi gvevlineba, devnis muSa sxeulis orTqls aorTqlebis zonisken da iWers kondensaciis zonis garkveul nawils. amiT es nawili iTiSeba Tbur milsa da gasaTbob obieqts Soris mimdinare Tbogadacemis procesidan. kondensaciis zonis garemomcveli ares temperaturis dacema iwvevs buferuli nivTierebis orTqlis kondensacias. kondensati Seiwoveba kapilarul-forovani Semavseblis mier da amiT Tavisufldeba Tburi milis moculoba muSa sxeulis orTqlis Semosadenad. kondensaciis mTeli farTobi irTveba Tbogadacemis procesSi da Tburi mili ganicdis normalur funqcionirebas. amrigad, buferuli nivTierebis agregatuli mdgomareobis cvlileba aregulirebs momxmareblisaTvis misawodebeli Tburi nakadis sidides.
Txevad fazaSi Seurevi komponentebis Semcveli Tbomtariani regulirebadi Tburi milis originaluri konstruqcia, romelic warmatebiT SeiZleba gamoyebul iqnas gruntis qveda fenebidan siTbos daregulirebuli amotanis mizniT, gamosaxulia 6.17 naxazze. am SemTxvevaSi buferuli nivTierebis (meore komponenti) Semavseblis (Semgroveblis) rolSi gvevlineba ara kapilarul-forovani moculoba, aramed mcire zomis gravitaciuli Tburi mili.  mowyobiloba Seicavs korpuss  aorTqlebis (1) da kondensaciis (2) zonebiT. kondensaciis zonis zeda boloze dayenebulia buferuli siTxis (dabaltemperaturuli komponentis)  Semgrovebeli daxrili mcire zomis Tburi mili (3) gawibovnebuli boloTi (4). amasTan, aorTqlebis zona CaSvebulia gruntSi (5), xolo kondensaciis zona klaknila formisaa da Casmulia cilindrul sartyelSi (6), romliTac Semovlebulia dasacavi xis Ziri (7).
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nax. 6.17. orkomponentiani regulirebadi geosaakumulacio Tburi milis sqema

Tburi milis citrusovan mcenareTa (magaliTad, limonis) yinvebisagan dacvis mizniT gamoyenebis SemTxvevaSi ZiriTad Tbogadamtanad gamodgeba amiaki, xolo dabaltemperaturul danamatad – freon-502. haeris temperaturia im mniSvnelobaTa dros, romlebic erTis mxriv, gruntis qveda fenebis saSualo temperaturaze naklebia, magram meores mxriv, mcenarisTvis jer kidev uxifaToa, dabaltemperaturuli komponenti mTlianad orTqlis mdgomareobaSi imyofeba da praqtikulad arakondensirebad buferul airad gvevlineba.  am dros mas iseTi wneva gaaCnia, romelic gamoricxavs maRaltemperaturuli komponentis aorTqlebas. Tburi milis funqcionireba Sewyvetilia, gruntidan Tburi nakadi gadaketilia. amis gamo gruntis qveda fenebis mier akumulirebuli siTbo usargeblod aRar ixarjeba. atmosferuli haeris kritikuli temperaturis dadgomisas mcire Tburi milis (3) gawibovnebuli nawili (4) intensiurad civdeba, dabaltemperaturuli komponenti    iwyebs     kondensirebas   da   boloSi   lokalizdeba.    amiT, arakondensirebadi airis buferi, rogorc aseTi, wyvets arsebobas da regulirebadi ZiriTadi Tburi mili iwyebs muSaobas, rogorc orfaza Termosifoni    aorTqlebuli ZiriTadi   maRaltemperaturuli   komponenti 
TandaTan aRwevs kondensaciis zonas (2) da kondensirdeba, orTqlis nawili aRwevs mcire Tbur milsac (3), kondensirdeba da avsebs dabaltemperaturuli komponentisagan gaTavisuflebul sivrces. ufro mZime dabaltemperaturuli komponenti ara marto lokalizdeba mcire Tburi milis boloSi (4), aramed daculic aris maRaltemperaturuli komponentis kondensatiT missave orTqlis Sexebisa da gaxurebisagan. mcire Tburi milis gawibovneba xels uwyobs siTxis da garemos temperaturaTa praqtikul gaTanabrebas, raTa ukanasknelis cvlilebaze swrafi reagireba moxdes.


garemos temperaturasTan SedarebiT ramdenime gradusiT gamTbari haeri cilindrul sartyelSi moZraobs qvemodan zemoT, aTbobs ra mcenaris Zirs da totebs.  Tburi mili aTbobs niadagis zolsac, rac agreTve mniSvnelovania mcenaris Tburi dacvisTvis. garemos temperaturis awevasTan erTad dabaltemperaturuli komponenti (freon-502) kvlav orTqldeba, iqceva arakondensirebad buferul airad, gandevnis mcire Tburi milis korpusidan maRaltemperaturul komponents (Txevad amiaks), axSobs am ukanasknelis aorTqlebis process da TiSavs gruntidan wamosul Tbur nakads.


ganxiluli geosaakumulacio Tburi milis magaliTidan naTlad Cans, Tu ra didi mniSvneloba aqvs Tbogadacemis intensifikacias Tburi mowyobilobebis efeqtur muSaobaSi, zogjer ki saerTod funqcionirebaSi viwro temperaturuli CarCoebis arsebobos pirobebSi. Tumca, rodesac temperaturuli SezRudvebi ar arsebobs, magram dgas Tburad daZabuli zedapirebis gaciebisa da siTbos wyaros temperaturis stabilizaciis amocana garemo pirobebis cvlilebis mixedviT.  am amocanis gadawyveta SesaZlebelia gazregulirebadi  Tburi milis (an simZimis velSi orfaza Termosifonis) meSveobiT, Tu misi aorTqlebis zonis nawilSi gamoviyenebT 3.oooo qveTavSi aRwerili brtyeli saorTqlebli elementis konstruqciuli gadawyveta.  

IV Tavi
TbogadacemaEMA Tbur milebSi
orTqlwarmoqmnis procesis intensifikaciis meTodebi moicavs gaxurebis zedapirebis gawibovnebas, maTi xaoianobis zrdas arasvelebadi nivTierebebiT, liTonis forovani fenebiT, wvrilujrediani badeebiT an mavTulis elementebiT dafarvas da sxvadasxva profilis kapilaruli Rarebis datanas.

teqnologiuri da konstruqciuli amocanis mixedviT orTqlwarmoqmnis procesi SeiZleba ganxorcieldes Tburi milebis Tbogadacemis zedapirze Seqmnili (an kapilarul struqturebSi gaJRenTili) siTxis afskis uSualo aorTqlebiT (e.w. `mSrali~ saorTqlebeli) an siTxis moculobaSi CaZirul gaxurebis zedapirze duRiliT (datborili saorTqlebeli). Tbogadacemis intensifikaciis TvalsazrisiT, maRalefeqturi `mSrali~ kapilarul-forovani saorTqleblebis gamoyenebas Tan sdevs gaxurebis zedapirze Tbogadamtanis miwodebisa da Tanabari ganawilebis problema. datboril saorTqleblebs  es problema ara aqvs.  zedapirisa da najeri Tbogadamtanis temperaturebs Soris, umniSvnelo sxvaobis pirobebSi,  duRilis maRalintensiuri procesia mTavari.

4.1.  duRilis procesi Rrmulebian zedapirebze

datboril gaxurebis zedapirebze Ria kapilaruli struqturebi  (forebi, Rrmulebi) faqtobrivad  SeuzRudavi raodenobis  orTqlwarmoqmnis stabiluri  centrebia, romlebsac ufro didi geometriuli zomebi aqvs teqnikurad damuSavebuli  zedapirebis  duRilis bunebriv centrebTan SedarebiT. am tipis kapilaruli struqturebis farTo Seswavlas da gamoyenebas safuZvlad daedo i. SeyrilaZisa da g. ratianis mier ganviTarebuli duRilis dros Tbogadacemis procesis fizikuri modeli da Teoria, romelic gaxurebis zedapiris mikrogeometriis modelsac Seicavs. aRniSnuli modeli wina planze ayenebs kedlis zedapirze orTqlis buStis warmoqmnisa da zrdis Termodinamikuri pirobebis makontrolebel rols TbogadacemaSi.

am modelis Tanaxmad, orTqlwarmoqmnis centris efeqturi radiusi  kritikuli Canasaxis radiusis anu fazaTa gamyofi zedapiris simrudis im minimaluri radiusis tolia, romelic am centrSi  orTqlis fazis Canasaxis stabilurad zrdis procesis SesanarCunebladaa saWiro. amasTan, Tbogadacemis intensifikaciis ZiriTad gzas zedapirze mravalricxovani  orTqlwarmoqmnis  efeqturradiusiani didi zomis centrebis arseboba warmoadgens.
idealur variantSi duRilis zedapiri ganixileba, rogorc  Tanabari orTqlwarmoqmnis centris efeqturi radiusis mqone konusTan miaxloebuli formis Rrmulebis (duRilis centrebis) SeuzRudavi raodenobis erTobloba. amasTan iTvleba, rom orTqlwarmoqmnis centris efeqturi radiusi  erTnairia, miuxedavad imisa, centriUmoqmedia TuUpotenciuri (anu jer kidev umoqmedoa). 

rogorc cnobilia, teqnikaSi gamoyenebuli liTonis zedapirebi didi raodenobis amonazardebisa da Rrmulebis erTobliobaa, romelTa zomebis ganawileba garkveul statistikur kanonzomierebas eqvemdebareba. am zedapirTa xaoianobis Sefasebis zogadad miRebuli meTodika ZiriTad parametrad iTvaliswinebs mikrouTanabrobebis saSualo simaRlis tol  e.w. saSualo kvadratul xaoianobas. 

aqve xazi unda gaesvas im garemoebas, rom  ar arsebobs calsaxa kavSiri erTi da igive zedapiris xaoianobis standartul parametrsa da orTqlwarmoqmnis centris efeqtur radiuss  Soris. zogierT SemTxvevaSi, maT Soris gansxvaveba 2_3 rigs aRwevs. amasTan, ramdenadac eqsperimentebSi, rogorc wesi, orTqlwarmoqmnis centris efeqturi radiusi  ar izomeba, maTi Sedegebis analizi erTgvarad gaZnelebulia.  

am mimarTebiT erTgvar bednier gamonakliss warmoadgens e.w. gaxurebis teqnikuri zedapirebi (7_8 klasis xaoianobis mqone naglini da meqanikurad damuSavebuli zedapirebi), romlebic,  iribi da pirdapiri monacemebis Tanaxmad, daaxloebiT erTnairi orTqlwarmoqmnis centris efeqturi radiusiT  ((5 mkm) xasiaTdeba. Sesabamisad, teqnikaSi gamoyenebuli gaxurebis zedapirebis umravlesoba swored orTqlwarmoqmnis centris efeqturi radiusis am mniSvnelobiT xasiaTdeba.  

ganviTarebuli buStovani duRilis procesis ganmazogadebel saangariSo gantolebas Semdegi saxe aqvs:
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rogorc  gantolebidan gamomdinareobs, gaxurebis zedapiris mikrogeometriis (anu orTqlwarmoqmnis centris efeqturi radiusis  ((0)) gavlena Tbogacemis koeficientze Semdegi damokidebulebiT aRiwereba:
                                                          a ( 00.4     .                                                                  (4.2)

iTvleba, rom orTqlis fazis Canasaxi TiToeul RrmulSi  imyofeba, Rrmulebis raodenoba ki SeuzRudavia. amasTan, CaRrmavebis profili da siTxis mier zedapiris dasvelebis kuTxe iseTia, rom kedlis maqsimaluri gadaxurebis ganmsazRvreli fazaTSorisi mrudis minimaluri radiusi meniskis Rrmulis pirze gadasvlisas miiRweva (nax. 4.1). sabolood  ki, miRebul modelSi orTqlwarmoqmnis centrebis zedapiris mikrogeometriis Tbogacemaze gavlenis mqone erTaderT parametrad gvevlineba. 

natriumis duRilis magaliTze gaxurebis zedapiris gavlena Tbogacemis intensiurobaze warmodgenilia  4..2 naxazze.
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nax. 4.1. orTqlis buStis kritikuli      nax.4.2. sxvadasxva zedapirz natriumis
        Canasaxis modeli                         duRilis mrudebi:              

                                                      1.  polirebuli zedapiri;                                                       

                                                  2.  0   = 50 mkm
4.2. duRilis procesi forovan kapilarul struqturebSi

forovan kapilarul struqturebsac aqvs Tbogacemis mniSvnelovani intensifikaciis unari, Tumca es procesi rTulia da bevr faqtorzea damokidebuli. Tbogacemis maRali intensiuroba forovani fenis SigniT, fazaTa gamyof zonaSi, kapilarul arxebSi dakavSirebulia siTxis dinebiT gamowveuli konveqciuri Tbogacemis koeficientis maRal mniSvnelobebsa da kapilaruli struqturis zedapiris ganviTarebasTan. 

[image: image27.png]6L 4> 3¢/





nax. 4.3. freon_113-is sxvadasxva zedapirze duRilis mrudebi:                                                                                                                          1.  Secxobili forovani struqtura;                                                                                                                                               2.  dafrqveuli forovani struqtura;

3.   gluvi zedapiri

eqsperimentulad Seswavlili iyo Txevadi azotisa da freon _ 113-is buStovani duRili spilenZisa da aluminis gazTermuli dafrqveviT da  SecxobiT miRebul forovanfenebian zedapirebze. aRmoCenil iqna struqturuli gansxvaveba orive meTodiT damzadebul nimuSebs Soris, ramac Tavisi daRi daasva Tbogacemis process. freon _ 113-is sxvadasxva zedapirze eqsperimentebis Sedegad miRebuli  duRilis mrudebi warmodgenilia 3.8 naxazze. Sedegebis analizi aCvenebs, rom Tbogacemis zedapirebze forovani struqturebis datana mniSvnelovnad aZlierebs duRilis Tbogacemis procesis intensiurobas da gluv zedapirTan SedarebiT zrdis kritikul Tbur nakadebs. am kuTxiT Secxobil kapilarul struqturebs upiratesoba aqvs dafrqveulTan SedarebiT, rac TvalsaCinod dasturdeba 4.3 naxazze moyvanili grafikiT. es upiratesoba Cans kritikul Tbur datvirTvebTan mimarTebaSic. ase, magaliTad, spilenZis dafrqveuli forovani zedapirebisaTvis  izrdeba 15 . . . 20 %-iT, xolo spilenZis Secxobili zedapirebisTvis _ 2 . . . 2,5-jer, gluv zedapirTan SedarebiT.          

.4.3. orTqlwarmoqmna liTonboWkovan da badur kapilarul struqturebSi
farTod aris Seswavlili mravali Tbogadamtanis (azoti, wyali, eTanoli, freon_22, freon_113) orTqlwarmoqmnis reJimebi,  gansxvavebuli Tbogamtarobisa da mikrogeometriuli maxasiaTeblebis mqone  kapilarul  zedapirebze. Tbogacemis koeficientebsa da Tbur nakadebs Soris  damokidebuleba warmodgenilia 3.15 naxazze, sadac 1 aris gluvi zedapiri; 2 _ wvrilforovani, xolo 3 _ msxvilforovani liTonboWkovani kapilaruli zedapiri. 

Tburi nakadebis mcire mniSvnelobisas   kapilarul struqturaSi adgili aqvs siTbos TbogamtarobiT  gavlas da orTqlis moculobisken mimarTuli zedapiridan siTxis sufTa aorTqlebas. am                                     SemTxvevaSi Tbogacemis   koeficientis mniSvneloba erTi rigiT metia, vidre  gluvi zedapiris SemTxvevaSi  (Tavisufli konveqciis ubani). duRilis buStovani reJimis drosac Tbogacemis intensiuroba ufro maRalia, vidre gluv zedapirze. es reJimi ori zonisagan Sedgeba: pirvel zonaSi (-s   gavlena  q-ze analogiuria duRilis procesisa gluv zedapirze; meore zonaSi (-s damokidebuleba   q-ze mniSvnelovnad sustadaa gamoxatuli. Tburi nakadis Semdgom zrdas procesi mihyavs duRilis krizisTan. kapilarul struqturebSi duRilisas kritikuli Tburi nakadi forovnebis mixedviT SeiZleba aRmoCndes meti an naklebi, vidre gluv zedapirze.

baduri kapilarul struqturaze orTqlwarmoqmnis gamokvlevebis analizi gvaZlevs siTbos arTmevis meqanizmebis axsnas  da cdis monacemTa  gabnevas imis mixedviT, Tu rogori teqnologiiTaa damzadebuli eqsperimentuli ubnebi.

gamokvleuli baduri kapilaruli zedapiris ganivi Wrili mocemulia 3.15 naxazze. eqsperimentebSi gamoyenebuli uJangavi foladisa da spilenZis 2, 8 da 12 -feniani badis ujredebis zoma  0,07 da 0,1 mm - ia.         
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nax. 4.4. badiseburi kapilaruli zedapiri da sxvadasxva zedapirze  orTqlwarmoqmnis mrudebi:   1. gluvi zedapiri; 2. wvrilforovani liTonboWkovani struqtura; 

3. msxvilforovani liTonboWkovani struqtura

wylis, eTanolisa da freon _ 113-is orTqlwarmoqmnis procesi Seiswavleboda siTxis kapilarul zedapirze miwodebis ori xerxiT: gravitaciuli miwodebiT  da datborviT. freon _ 113-Tvis 6-dan 20 kvt/m2, xolo wylisa da eTanolisTvis 150 _  300 kvt/m2 Tburi nakadebis  diapazonSi SemCneul iqna Tbogacemis intensiurobis zrda gluv zedapirze duRilis TbogacemasTan SedarebiT. Tburi datvirTvis Semdgomi zrdiT intensiuroba ecemoda. Tbogacemis koeficienti ar aRmoCnda damokidebuli siTxis miwodebis xerxze. rac Seexeba badis masalisa da Tbogadamtanis Tbogamtarobis gavlenas, spilenZis struqturisTvis miRebuli iyo Tbogacemis koeficientebis 1,3-jer ufro maRali  mniSvnelobebi, vidre uJangavi foladis zedapirisTvis. yvela sxva Tanabar pirobebSi wylis duRilis dros   2 _ 3-jer metia, vidre, Sesabamisad, eTanolisa da freon _ 113-is SemTxvevebSi. Tbogacemis intensiuroba badis ujredebis zomis ukuproporciulia. rac Seexeba badis mavTulis sisqes,  upiratesoba eZleva Txel struqturebs, aucilebel SemTxvevaSi ki gaxurebis zedapiridan daSorebiT SesaZlebelia sisqis gazrda.   

gamokvleuli iyo agreTve sxvadasxva faqtoris gavlena Tbogadacemis krizisze, badur kapilarul zedapirebze duRilis dros. miRebuli Sedegebis Tanaxmad, kritikuli Tburi datvirTvis mniSvnelobebze mniSvnelovan gavlenas axdens zedapirze siTxis miwodebis xerxi, kerZod,  datboril struqturaze isini 1,5-jer ufro metia, vidre gravitaciuli miwodebisas. ujredis zomis gazrda da fenebis raodenobis Semcireba aseve zrdis kritikul Tbur datvirTvebs. Tbogadacemis krizisze gavlenas axdens agreTve badis masalis Tbogamtaroba, magaliTad, spilenZis kapilarul struqturaze kritikuli Tburi nakadebi 20 %-iT ufro maRalia, vidre uJangavi foladis kapilarul struqturaze.

arsebobs agreTve gofrirebuli (RvlarWnili) kapilaruli zedapirebi, romlebic struqturulad Seicavs Rarebs, liTonboWkoebs an bades da isini RvlarWnilis formiT anu talRurad magrdeba xurebis zedapirze. gamokvlevebiT dadasturebulia maTi efeqturobac _ Tbogadacemis intensiuroba 1,3 _ 3,4-jer metia gluv zedapirze duRilTan SedarebiT.     
4.4. orTqlwarmoqmna Rarebian kapilarul zedapirebze

Catarebuli kvlevebis mixedviT zemonaxsenebTa Soris gansakuTrebuli efeqturobiT gamoirCeva samkuTxa profilis mqone paraleluri xraxnilRarebiani kapilaruli struqturebi. aseTi kapilaruli struqtura ara marto orkomponentian kombinirebul (liToni + siTxe) Tbogacemis Sres qmnis, romelzec siTxis meniskis Ria zedapiris wili mTliani zedapiris TiTqmis 100%-s Seadgens, aramed TviTregulirebadi cvladi sasargeblo kapilaruli dawnevis generatoradac gvevlineba. amasTan, sasargeblo kapilaruli dawnevis cvalebadoba SesabamisobaSia Tburi datvirTvis cvalebadobasTan (datvirTvis zrdis Sedegad gazrdili moTxovnili dawneva avtomaturad zrdis sasargeblo kapilarul dawnevas). 

aRniSuli TviTregulireba im garemoebiT aris ganpirobebuli, rom arsebuli kapilaruli dawnevis arasakmarisobis SemTxvevaSi (roca zedapirs siTxis Sewova “uWirs”) meniskis zeda nawili Srobas iwyebs da  arxSi Rrmavdeba. Sesabamisad mcirdeba moqmedi kapilaruli zoma (arxis sigane meniskis zedapiris kveTSi), rac zrdis sasargeblo dawnevas da siTxis Sewovis unars. Sedegad Tbur sistemaSi myardeba axali Termohidrodinamikuri wonasworoba. aRsaniSnavia, agreTve xraxnilRarebiani kapilaruli zedapirebis meqanikuri damzadebis teqnologiuri simartive.

arsebobs Rarebiani kapilaruli struqturis yvelaze zogadi modeli (fazuri gardaqmna trapeciuli profilis Rarebian kapilarul zedapirze, nax. 4.5), romlis kerZo SemTxvevasac sworkuTxa ((2 = 0) da samkuTxa ((1 = (3  = 0) profilis arxebze aorTqlebisa da kondensaciis procesebi warmoadgens.
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nax. 4.5. trapeciuli profilisRarebiani kapilaruli zedapiridan siTxis

aorTqlebis procesis modeli
modelis analizis safuZvelze miRebulia Tbogacemis koeficientis saangariSo zogadi gantoleba        
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xsenebuli zogadi modelidan gamomdinare, samkuTxaRarebiani kapilaruli zedapiridan siTxis aorTqlebis procesis modeli 4.6 naxazzea warmodgenili.Nnaxazze kargad Cans aseTi zedapiris zemoT  aRniSnuli erTi upiratesoba: kapilarulRarebian zedapirebs Soris igi siTxis meniskis zedapiris (e.i. aorTqlebis farTobis) maqsimalur sidides uzrunvelyofs. 
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nax. 4.6. samkuTxaRarebiani zedapiridan siTxis aorTqlebis procesis modeli

ramdenadac cvladtemperaturian profilze zedapiris temperaturis gansazRvra (da gazomvac) rTuli amocanaa da  arc didi praqtikuli mniSvneloba gaaCnia, kedlis temperaturad Tbogacemis gaangariSebisas arxis fskerze gamavali kveTis temperaturaa miRebuli, xolo gamacivebeli aris temperatura muSa agentis najerobis temperaturasTanaa  gatolebuli. 

zedapiris geometriis gamartivebasTan erTad, samkuTxa profilis SemTxvevaSi, sufTa aorTqlebis (an kondensaciis) dros martivdeba Tbogacemis saangariSo gantolebac. rogorc es Sesabamisi analizidan  gamomdinareobs, Tbogacemis koeficientis saangariSo formula Semdeg saxes Rebulobs:
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uganzomilebo saxiT (4.4) gantoleba Semdegnairad SeiZleba warmovadginoT: 

[image: image33.wmf]                                 
[image: image34.wmf]1

sin

2

1

=

=

=

*

l

l

J

d

a

l

ad

h

Nu

ef

ef

 ,                                                        (4.5)  

sadac
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rogorc (4.4) gantoleba gviCvenebs, Tbogadacemis intensiuroba, garda geometriuli maxasiaTeblebisa, Tanabradaa damokidebuli siTxisa da liTonis Tbogamtarobaze, rac am tipis procesebis principuli Taviseburebaa.  xsenebuli Taviseburebis safuZvels Tw da Ts temperaturebs Soris qmnis  liTonisa da siTxis kombinirebul  SreSi Tburi nakadis araTanabari ganawileba. miedineba ra umciresi winaRobiT, siTbo, ra Tqma unda, h simaRlis ZiriTad nawilze mxolod wibos kedliT vrceldeba, romlis Tbogamtaroba siTxesTan SedarebiT 1_2 rigiT maRalia. gadalaxavs ra am nawils minimaluri temperaturuli vardniT, igive minimaluri winaRobis principidan gamomdinare, Tburi nakadi siTxis meniskis metad Txel zRvrul areSi koncentrirdeba. amgvarad, Tburi nakadi liTonis gavliT gverds uvlis siTxis ZiriTadi masis solidur Termul winaRobas da  yvelaze Txel zonas gadalaxavs. Sedegad mTlianad procesSi maRldeba Tbogacemis intensiuroba. 


Tbogacemis koeficientze pirdapir gavlenas axdens agreTve arxebis geometriuli parametrebi. zogadad, rac naklebia samkuTxa profilis biji da Raris siRrme, miT ufro maRalia Tbogacemis koeficienti, Tumca procesis am Taviseburebis gamoyeneba xSirad SezRudulia. kerZod, klasikuri tipis Tburi milis SemTxvevaSi, roca kapilaruli struqtura ara marto aorTqlebs siTxes, aramed mis kedlis gaswvriv transportirebasac uzrunvelyofs, bijis Semcireba Tbogacemis intensifikaciasTan erTad, siTxis gaswvrivi nakadis hidravlikuri winaRobis zrdasac iwvevs. aseT SemTxvevaSi dRis wesrigSi dgeba kompromisuli optimaluri gadawyvetis moZebnis amocana.

Tbogacemis intensiuroba, garda geometriuli maxasiaTeblebisa, Tanabradaa damokidebuli siTxisa da liTonis Tbogamtarobaze. maRali Tbogamtarobis mqone liTonis, magaliTad, spilenZis gamoyenebiT SevZlebT Tbogacemis mniSvnelovani intensifikaciis miRwevas siTxis aorTqlebis an orTqlis kondensaciis procesebis ganxorcielebisas, umniSvnelo temperaturuli dawnevebis pirobebSi. es dasturdeba mravalricxovani eqsperimentuli gamokvlevebis SedegebiT.
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nax. 4.7. masalis Tbogamtarobis gavlena Tbogacemaze: trapeciulRarebian ( h = 0,8 mm)

zedapirze azotis aorTqlebis  eqsperimentuli monacemebi: 

1 _ uJangavi foladi; 2 _ spilenZi 

aRniSnuli efeqtis sailustracio grafikze (nax. 4.7) warmodgenilia uJangavi foladisa da spilenZis trapeciuli profilis kapilarul zedapirebze azotis aorTqlebisas Tbogacemis eqsperimentuli monacemebi. aqvea datanili (4.3) gantolebis amsaxveli wrfeebi uJangavi foladisa da spilenZis SemTxvevebisaTvis, romelTa Tbogamtarobis koeficientebi, Sesabamisad,  16,5 da 380 vt/mK tolia. analogiuri grafiki  ( = ( (q) koordinatebSi, oRond samkuTxa xraxnil- Rarebian zedapirebze (h = 0,5 mm,  ( = 0,5 mm), wylis aorTqlebisa da kondensaciis SemTxvevebSi, mocemulia 4.8 naxazze. aqac zedapiris masalis Tbogamtarobis efeqti TvalsaCinoa.

sayuradReboa 4.7, 4.8 da 4.9 naxazebze TvalsaCinod gamoxatuli procesis is Taviseburebac, rom sufTa aorTqlebidan duRilze gadasvlis Tburi nakadis sidide, romelic orTqlwarmoqmnis mrudis Teoriuli mrudidan zemoT daZvris wertiliT ganisazRvreba, or gamokvleul zedapirze sakmaod    gansxvavdeba.   ujangavi   foladis  zedapirze  aseTi  nakadi 80 000 vt/m2-is rigisaa, xolo spilenZis zedapirze 300 000 vt/m2 -s uaxlovdeba.  

aqve unda aRiniSnos, rom duRilze gadasvlis Tburi nakadis zemoxsenebuli orive sidide STambeWdavad maRalia, ramdenadac did moculobaSi, duRilis procesis SemTxvevaSi, maT Soris dabalic ki ganviTarebuli duRilis zonas Seesabameba. bolo garemoeba  kapilarul zedapirebze fazuri gardaqmnebis Tvisebrivi intensifikaciis potencialis mkafio demonstracias warmoadgens. 
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nax. 4.8.  (3.4) gantolebis (Tarazuli wrfeebi) Sedareba eqsperimentul monacemebTan samkuTxa profilis etrTnairi geometriis mqone kapilarulRarebianzedapirebze (1-spilenZi,2- uJangavi foladi) wylis aorTqlebisa da kondensaciis dros.
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nax. 4.9. eqsperimentuli monacemebis ganzogadeba (3.5) gantolebiT

sabolood, yvela CamoTvlili momentis gaTvaliswinebiT, samkuTxa kapilarulRarebian gaxurebis zedapirze sawyisi duRilis Tburi nakadisaTvis SegviZlia Semdegi gantoleba CavweroT:
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sadac (ev aris Tbogacemis koeficienti, gansazRvruli kapilarulRarebiani zedapirisTvis (3.4) gantolebis mixedviT; (Tin _ eqsperimentuli monacemebis safuZvelze gansazRvruli duRilis dawyebis sakmarisi gadaxureba.

aRniSnuli garemoeba, Tavis mxriv, metad mniSvnelovania, radgan ganxiluli tipis kapilarul zedapirze duRilis Tbogacemis saangariSo meTodikis Camoyalibebis saSualebas iZleva. kerZod, yvela eqsperimentuli mrudis mimarT SesaZlebelia erTiani midgomis ganviTareba, romlis farglebSi TiToeulisaTvis fiqsirdeba 4.4 gantolebiT gansazRvruli erTi saerTo sawyisi wertili da am wertilidan erTnairi daxra ((~q0,7), romelic, saerTod, ganviTarebuli duRilis mrudebisaTvisaa  damaxasiaTebeli.


Tu zemoxsenebul midgomas daveyrdnobiT da 4.4 gantolebas gamoviyenebT, samkuTxa kapilarulRarebian zedapirze ganviTarebuli duRilis Tbogacemis koeficientisaTvis Semdeg naxevrad empiriul gantolebas miviRebT:
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aq   (Tin  aris sabazo zedapiris gadaxureba najerobis temperaturis mimarT, sawyisi duRilis dros.


mravalricxovani eqsperimentuli monacemebis (4.6) da (4.7) gantolebebTan Sedarebam daadastura maTi marTebuloba. isini  gamoiyeneba  kapilarul RarebSi duRilis dawyebis da Tbogacemis saSualo intensiurobis gasaangariSeblad (sainJinro gaTvlebis procesSi).

4.5. orTqlis kondensacia kapilarul zedapirebze

orTqlis kondensaciisas Tbogacemis intensiurobis gazrdis calkeuli efeqturi pasiuri da aqtiuri meTodebi gamoiyeneba. isini  exeba wylisa da organuli naerTebis rogorc uZravi, ise moZravi orTqlis afskuri kondensaciis procesebs. gansakuTrebiT aqtualuria organuli siTxeebis orTqlis kondensaciis intensifikacia, vinaidan maTi Tbofizikuri Tvisebebi ganapirobebs Tbogacemis koeficientebis SedarebiT dabal mniSvnelobebs.
rogorc cnobilia, afskurTan SedarebiT wveTovani kondensacia Tbogacemis  gacilebiT maRali intensiurobiT xasiaTdeba da kondensaciis afskuri  procesis wveTovaniT Secvla    ganixileba, rogorc afskuri kondensaciis B intensifikaciis meTodi. gavixsenoT, rom  wylis afskuri kondensaciis dros  Tbogacemis saSualo koeficienti  ( = 4.103 _ 5.104  vt/m2K, xolo wveTovani kondensaciis dros (  = 4.104  _ 1,5.105  vt/m2K. aRniSnuli meTodi  Tbogacemis zedapiris  damuSavebas (dafarvas) gulisxmobs winaswar SerCeuli aqtivatoriT (stimulatoriT). 

am meTodis gamoyeneba SesaZlebelia mxolod wylis orTqlis kondensaciis SemTxvevaSi, vinaidan danarCeni muSa siTxeebisaTvis, magaliTad, freonebisaTvis ar aris napovni wveTovani kondensaciis stimulatorebi anu arasvelebadi nivTierebebi. uSualod wveTovani kondensaciis damatebiT intensifikacias, Tbogacemis koeficientis isedac maRali mniSvnelobebis gamo, azri ekargeba, mTavaria gamoyenebul iqnes sworad   SerCeuli, xangrZlivad da efeqturad momuSave aqtivatorebi. nebismieri zeTi SeiZleba gaxdes wveTovani kondensaciis aqtivatori,  magram zedapiris hidrofoburi efeqti wylis mimarT gagrZeldeba mxolod ramdenime saaTs an dRis ganmavlobaSi, Semdeg ki zedapiridan wairecxeba, Tumca zeTebi gogirdTan erTad liTonis zedapirze ufro didxans Cerdeba. aqtivatorebidan saukeTesod miCneulia  1 %-ian oqtanur mJavaSi gaxsnili  (C18H37S)4Si SenaerTi.
horizontalur milebze uZravi orTqlis afskuri kondensaciisas Tbogacemis saSualo koeficienti 20%-T  SeiZleba gaizardos Tu Tbogacemis zedapirze gansazRvruli saxiT ganTavsdeba teflonis (fToroplast _ 4) an sxva arasvelebadi masalis fenebi. garda amisa, xaoiani zedapirebi afskis turbulizaciis Sedegad aumjobesebs Tbogacemas. dadgenilia, rom vertikaluri  milis gare zedapirze orTqlis kondensaciis zedapiris dakeWnis meSveobiT Tbogacemis koeficienti SeiZleba gaormagdes.

Tbogacemis zedapiris ganviTareba miiRweva agreTve mavTulis spiralebis ganTavsebiT, zedapiris profilirebiT  da uwyveti wiboebis dayenebiT. yvela aRniSnul SemTxvevaSi saWiroa siTxis nakadis marTva zedapiruli daWimulobis Zalebisa da gawovis gamoyenebiT. magaliTad, vertikalurad ganTavsebulmavTulian zedapirze dafiqsirebulia zedapiris mniSvnelovan farTobze afskis gaTxelebiT gamowveuli Tbogacemis koeficientis 800 %-iani zrda. am dros kondensaciis efeqturoba izRudeba  farTobis danarCeni nawilis   datborviT.

erT-erTi meTodi SeiZleba iyos kondensatoris milebis profilireba da maTi zedapiris damzadeba wvrilwibovani an talRuri saxiT (nax. 5.1). am dros kondensacia ZiriTadad xdeba amozneqili qimis wverze, sadac kondensatis afski, zedapiruli daWimulobis Zalebis zemoqmedebiT, Zalze SeTxelebulia da swored am adgilebSi aqvs orkomponentian Sres (liToni+siTxe) yvelaze naklebi Termuli winaRoba. amitom liTonis roli, Tburi nakadebis gadanawilebasa da  intensiuri Tbogadacemis adgilebSi, maT koncentrirebaSi mniSvnelovania. aqedan gamomdinare, cxadi xdeba,  ra arsebiTi mniSvneloba eniWeba liTonis Tbogamtarobas kondensaciis procesSi.
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nax. 4.10. kondensaciis wvrilwibovani  (talRuri) zedapiris profili

ZiriTadad, horizontalurmilebiani kondensatorebisaTvis gankuTvnili kondensaciis profilirebuli zedapirebi 4.11 naxazze warmodgenilia formiT, sadac wiboebs aqvs naxevrad wriuli amonaWrebi. 4.12 naxazze  erTmaneTTan Sedarebulia aRniSnuli zedapirisa  da Cveulebriv dabalgawibovnebuli da gluvi zedapirebis Tbogacemis maxasiaTeblebi freon _ 113-is kondensaciis SemTxvevaSi. 4.11 naxazze warmodgenili kondensaciis zedapiris upiratesoba aSkaraa.


Tu gaxurebis zedapiri datborili ar aris, kapilarul RarebSi  orTqlwarmoqmnis da kondensaciis Tbogadacemis procesebi erTmaneTis identuria erTnairi saxis Termuli winaRobis gamo. amitom procesis fizikuri modeli da miRebuli saangariSo gantolebebi (4.3 da (4.4) marTebulia kondensaciis SemTxvevaSic. naTqvams adasturebs sxvadasxva geometriisa da masalis samkuTxa profilis xraxnulRarebian kapilarul struqturebze   wylisa da eTanolis orTqlis kondensaciis eqsperimentuli Sedegebi. maTi Sedareba (3.4) gantolebasTan warmodgenilia 4.13 naxazze. 

rogorc mosalodneli iyo, Tbogacemis intensiuroba SenarCunebulia gamokvleuli Tburi datvirTvebis mTel diapazonSi. kapilarulRarebian zedapirebze kondensaciis procesis ganxorcielebisas zedapiris kondensatiT datborvis da, Sesabamisad, Tbogacemis gauaresebis Tavidan asacileblad, saWiroa zedapirze garkveuli bijiT kapilarul-forovani, magaliTad, baduri cilindruli formis arteriebis dayeneba da zedmeti siTxis arinebis organizeba.
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  nax. 4.11. meqanikurad                  nax. 4.12. freon _ 113-is  

damuSavebuli wvrilwibovani               Tbogacemis Sedareba:

horizontaluri kondensaciis

zedapiri                                   1 _ 4.11 nax-ze  warmodgenili 

                                       zedapiri; 2 _ dabalwibovani zedapiri;

                                       3 _ gluvi zedapiri


arsebobs uZravi orTqlis kondensaciis dros Tbogacemis intensifikaciis sxva aqtiuri meTodebic, magaliTad, mbrunavi cilindrebis, diskoebis da kvadratuli milebis gamoyeneba, horizontaluri milebis vibracia, horizontalur milebze modebuli eleqtruli da magnituri velebis gamoyeneba, vertikaluri zedapiridan kondensatis afskis gawovis gziT mocileba, gamyof sazRvarze kondensaciis procesSi gamoyofili arakondensirebadi minarevebis aseve gawoviT mocileba,  xaoiani mbrunavi diskoebis gamoyeneba da sxv. am meTodebis gamoyenebisas dafiqsirebulia Tbogacemis intensiurobis 15-dan 200 %-mde zrda.
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 Nnax. 4.13.  samkuTxa profilRarebian kapilarul struqturaze orTqlis kondensaciis eqsperimentuli monacemebis Sedareba (3.4) gantolebasTan

4.6.  Tbogadacemis gamokvleva gravitaciul Tbur milebSi


gravitaciuli Tburi milebis samkuTxaRarebian kapilarul zedapirebze mimdinare aorTqlebisa da kondensaciis  procesebis  realuri pirobebi  SesaZlebelia cota gansxvavdebodes im fizikuri safuZvlebisagan, romlebic Teoriul analizSia Cadebuli. xraxnila kapilaruli zedapiris zogierT nawilSi siTxis meniskebi CaRrmavdeba, ramac analizis daskvnebis Tanaxmad Tbogadacemis intensiobos gazrda unda gamoiwvios. zogierTi nawilis ki siTxiT datborvaa mosalodneli, ramac piriqiT, unda gaafuWos Tbogadacema. amasTan dakavSirebiT Cvens mier Catarebul iqna Sesabamisi eqsperimentebi sxvadaxva orientaciis (mkacrad vertikaluri  da sxvadasxva kuTxiT daxrili) gravitaciul Tbur milebSi, romelTa yovel ganivkveTSi raelizebuli iyo zemoTaRwerili procesis mimdinareobis sxvadasxva varianti.


gravitaciul Tbur milebSi Tbogadacemis gamosakvlevi eqsperimentuli stendis sqema mocemulia 4.14 naxazze. eqsperimentuli ubani warmoadgenda uJangavi foladisagan damzadebul, erTi boloTi daxSul mils sigrZiT 1500 mm da diametriT 12 mm. meore bolo iyo Ria, anu cdebis dros atmosferuli haeri buferis rols asrulebda. milis Siga zedapirze Seqmnili iyo muSa kapilaruli struqtura samkuTxa xraxnilis saxiT 0,35 mm bijiT da 430  _ iani xraxnilis wveris kuTxiT. aorTqlebis zona xurdeboda masSi cvladi  eleqtrodenis uSualo gatarebiT  damadablebeli transformatoridan OCY _ 20/0,5. siTbos gamoyofa regulirdeboda PHO _ 250/10 tipis Zabvis regulatoris meSveobiT. aorTqlebis zonaSi miwodebuli  Tburi nakadi ganisazRvreboda transformatoris dabalvoltiani wredis eleqtruli datvirTviT. eqsperimentuli ubani Sedgeboda Semdegi nawilebisagan  (1) _  Tburi danakargebis sakompensacio eleqtrogamaxurebeli, (2) _  spilenZis firfitovani gawibovneba,  (3) _ eqsperimentuli Tburi milis korpusi, (4) _ gamaciebeli milgayvaniloba, (5) _ kondensaciis zona, (6) _ aorTqlebis zona, (7) _ denmimyvanebi, (8) _ Termowyvilebi, (9) _ kapilaruli struqtura.
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nax. 4.14. Tburi milebSi Tbogadacemis gamosakvlevi eqsperimentuli stendis sqema


aorTqlebis zonaSi warmoqmnili orTqli milis Siga Rrus gavliT miedineboda kondensaciis zonaSi, sadac kondensirdeboda, gacemda ra siTbos garemos gawibovnebis meSveobiT. sahaero kondensatoris simZlavris ukmarisobis SemTxvevaSi orqlis namati kondensirdeboda milis boloSi, romelzec mWidrod iyo daxveuli gamdinare wyliT gamaciebeli spilenZis mili.


xurebis zedapiris temperaturebi izomeboda aorTqlebis zonis or kveTSi (Tavsa da boloSi) milis gare zedapiris qveda T3 , T4   da zeda  T1 ,T2 msaxvelebze.  aorTqlebis zonis Siga zedapiris temperaturebis ganisazRvreboda  gadaangariSebis   gziT.   cdebis   maqsimaluri   cdomileba    Tbogacemis koeficientis gansazRvrisas ar aRemateboda 10 % ​ _ s. muSa sxeulebad gamoiyeneboda distilirebuli wyali da eTilis spirti. milis daxriloba horizontalur sibrtyesTan mimarTebiT cdebis dros icvleboda 15o_ dan 90o  _ mde.
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nax. 4.15. wylis aorTqlebis eqsperimentuli monacemebi Tburi milis 300   daxrisas
cdis monacemebi aorTqlebis oTxi damaxasiaTebeli SemTxvevisaTvis moyvanilia 5,15 _ 5.19 naxazebze. 5.15 _ 5.17 naxazebze gamosaxulia Tbogacemis koeficientis kuTri Tburi datvirTvisagan damokidebuleba aorTqlebis zonis siTxiT winaswari nawilobrivi Sevsebis pirobebisaTvis. am SemTxvevaSi muSa reJimSi, milis mTeli  sigrZis qveda msaxvelze gvaqvs  kondensaciis zonidan Camodinebuli nakaduli, xolo milis perimetris danarCeni nawili dafarulia xraxnilis mier svelebadobis ZalebiT Sewovili siTxis afskiT.
[image: image47.png]Go

¥
BN
o @

© 00 O
{
LW~





nax. 4.16. eTilis spirtis aorTqlebis eqsperimentuli monacemebi Tburi  milis 300   daxrisas

arxis perimetrze siTxis aRniSnuli ganawilebisas Tbogadamtanis aorTqlebis xasiaTis mixedviT Cndeba ori sxvadasxva zona. zeda, farTis mixedviT ZiriTadi zona, romelic met interess iwvevs, xasiaTdeba siTxis aorTqlebiT afskis zedapiridan (wertilebi 1 da 3). grafikebze horizontaluri xazebis saxiT datanilia (5. 4) Teoriuli damokidebulebiT naangariSebi wrfeebi.


rogorc grafikebidan Cans, Tbogacemis koeficientebi milis zeda msaxvelis mixedviT sakmaod maRalia da mcired arian damokidebulni Tburi datvirTvisagan, sanam RarebSi ar daiwyeba duRili. xarisxobrivad es Sedegi kargad eTanxmeba Teorias. rac Seexeba procesis raodenobriv mxares, am mimarTebiT Teoriis korelacia cdebis monacemebTan SeiZleba miviCnioT damakmayofileblad. saangariSo da cdebis monacemebs Soris arsebuli gansxvaveba, romelic muSa zonaSi 25% _ s aRwevs (20. 103 _ dan 40 . 103 vt/m2 _mde), SeiZleba aixsnas im garemoebiT, rom analizi xraxnilis wveramde Raris siTxiT dasvelebis SemTxvevisaTvis aris Sesrulebuli, xolo cdebis dros SesaZlebeli iyo adgili hqonoda, rogorc siTxis nawilobriv CaRrmavebas xraxnilSi, ise xraxnila struqturis zeda nawilis gaSrobas.


ramdenadme gansxvavebuli damokidebulebani Tbogacemis koeficientebisa Tburi datvirTvebisagan gamoavlines Tburi milis qveda msaxvelis kveTis (wertili 3) Sesabamisma cdaTa monacemebma. mTlianad am SemTxvevaSi mJRavndeba did moculobaSi duRilisaTvis damaxasiaTebeli suraTi. aorTqlebis zonis zeda kveTSi (wertili 4) Tbogacema esatyviseba siTxis SedarebiT sqeli fenidan aorTqlebis process.


4.17 naxazze warmodgenilia cdebis monacemebi aorTqlebis zonis wyliT nawilobrivi Sevsebis SemTxvevaSi eqsperimentuli milis mkacrad vertikaluri ganlagebis dros. rogorc grafikidan Cans, am SemTxvevaSi cdebis monacemebis didi  ganfenas  ar  aqvs  adgili.  praqtikulad   erTnairi   da   Tbogacemis 

koeficientebis SedarebiT  dabali mniSvnelobebi yvela gasazom wertilSi aixsneba milis mTels perimetrze siTxis daaxloebiT Tanabari ganawilebiT da kapilaruli struqturis erTdrouli datborviT.
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nax. 4.17. wylis aorTqlebis eqsperimetuli monacemebi Tburi milis
vertikaluri ganlagebis dros

Tbur milSi orTqlis kondensaciis eqsperimentuli gamokvlevis dros orTqlis generireba xdeboda calke minis saorTqlebelSi, romelic xurdeboda eleqtrogamxurebliT. orTqli Tboizolirebuli sadeniT miemarTeboda horizontalur eqsperimentul ubanSi, romelic warmoadgenda 12 mm diametris uJangavi foladisgan damzadebul  mils. milis Siga zedapiri dakeWnili iyo samkuTxa 0,35 mm bijis da simaRlis xraxniliT. kondensatis dasaclelad milis Siga  RruSi msaxvelze ganTavsebuli iyo  liTonis badisagan  damzadebuli 4 mm diametric cilindruli kapilaruli arteria-CaliCi. eqsperimentuli ubani civdeboda garsacmSi moZravi gamacivebeli wyliT. kedlis temperaturebi izomeboda sam wertilSi: milis gare zedapiris zeda, qveda da maT Soris msaxvelebze. Sesabamisad dgindeboda Tbogacemis koeficientis lokaluri mniSvnelobebi. eqsperimentebis Sedegebi warmodgenilia    4.18 naxazze. iqve datanilia (4.4) gantolebis Sesabamisi horizontaluri mrudi, 
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nax. 4.18. Tbur milebSi wylis orTqlis kondensaciis koeficientebis lokaluri mniSvnelobebi
rogorc grafikidan Cans, cdis wertilebi 3 (qveda msaxveli) damakmayofileblad eTanxmeba Teorias, aSin roca Sualedur msaxvelze (wertilebi 2) da gansakuTrebiT zeda msaxvelze (wertilebi 1) SeiniSneba tbogacemis intensiurobis zrda. es Sedegebi imiT aixsnea, rom qveda msaxvelze arteriis ganTavsebis zonaSi uzrunvelyofili iyo xraxnilis sruli dasveleba siTxiT (datborvis gareSe), xolo milis zeda nawilSi meniskebi Rrmavdeboda arteriaSi siTxis gawovis gamo.  
V Tavi
Tburi milebis gaangariSebis meTodika


airmaregulirebeli Tburi milebis temperauruli veils  gaangariSeba warmoadgens regulirebis sistemis racionaluri proeqtirebis safuZvels da arsebiTi gamoyenebiTi mniSvneloba aqvs.


airmaregulirebeli Tburi milebis gaangariSeba eyrdnoba muSa zonis temperaturis, rogorc mdgomareobis funqciis warmodgenas da miiReba gamosaxuleba mcire temperaturuli cvlilebebisTvis mdgomareobis parametrebis (Tburi datvirTva, garemomcveli temperature, airis raodenoba da sxva) mcire cvlilebebis  dros.   airmaregulirebeli Tburi milis muSa zonis temperaturis sruli diferencialis, rogorc mdgomareobis funqciis, SeiZleba daiweros:

                                    dTn = (T/Q)dQ + (T/T0)dT0 +(T/m)dm                                      (5.1)

brtyeli frontis  modelis  daSveba iZleva airmaregulirebeli Tburi milebis muSa temperaturis absoluturi mniSvnelobis angariSis SesaZleblobas, risTvisac gamoiyeneba Semdegi Tanafardobebi:

1. siTbos raodenobis balansis gantoleba
                           Q = Kkl (Ts  - To) (Lk – Lb) ;                                     (5.2)
2. airis raodenobis balansis gantoleba

                                 N =  piVi/RTi      ,                                                  (5.3)
3. najerobis temperaturisa da wnevis damakavSirebeli gantoleba

                                                      Ps = f (Ts).                                                     (5.4)
V1 Tavi

Tburi milebis Seqmnis teqnologiuri aspeqtebi

6.1. airmaregulirebeli Tburi milebis detalebis wmenda

rogorc cnobilia, airmaregulirebeli Tburi milebis muSaobis efeqturoba da resursi bevrad aris damokidebuli  TbogdamtanTan SexebaSi myofi zedapiris mdgomareobaze.  detalebis gaWuWyianebisagan Tavis acileba maTi damzadebis procesSi SeuZlebelia, vinaidan detalebis damuSavebis nebismieri procesi iTvaliswinebs  SemzeTi masalebis  da mWreli instrumentebis .gamoyenebas. rogorc cnobilia, zeTebi da cximebi edeba ra liTonis detalebis zedapirs, afuWebs an srulad spobs maT dasvelebadobas. detalebze SesaZlebelia darCes mWreli instrumentebis wvrili narCenebi, romlebic Semdgom koroziis kerad SeiZleba gadaiqcnen.

airmaregulirebeli Tburi milebis detalebis gawmendis teqnologia iTvaliswinebs cximgaclas, myari nawilakebis mocilebas, oqsidebisgan gasufTavebas da pasivacias.

wmendis mTeli procedura operatoris mier tardeba rezinis xelTaTmanebSi pincetisa da samarjvebis gamoyenebiT.
6.2. airmaregulirebeli Tburi milebis awyoba

     airmaregulirebeli Tburi milebis  awyobis sapasuxismgeblo proceduras awarmoeben zeinkal-amwyobi da SemduRebelirezini xelTaTmanebSi. detalebis SeerTeba tardeba argon-rkaluri an eleqtro-sxivuri SeduRebiT. sasurvelis SeduReba Catardes avtomatur SesaduR danadgarze, romelic uzrunvelyofs mocemuli teqnologiuri procesis aRwarmoebis maRal sizustes. SeduRebis TiToeuli procesis damuSaveba warmoebs nakeris maketze.  maketis SeduRebis Semdeg xdeba nakeris gamocda simtkiceze da misi mikrostruqturis gamokvleva. am gziT SerCeuli da yvelaze misadagebuli teqnologiuri proocesi Semdgom aRiwarmoeba avtomatur SesaduRebel danadgarze saStato Tburi milebis awyobis dros.  

airmaregulirebeli Tburi milebis Siga RruSi ganTavsebuli kvanZebis  (arteriebis, damxmare Tburi milebis ganmbjenebis da a.S.) damagreba xorcieldeba kontaqturi SeduRebiT. amasanTan, damagrebis xarisxi mowmdeba TviT awyobis procesSi normirebuli meqanikuri datvirTviT wonis dakidebis gziT.
6.3. airmaregulirebeli Tburi milis Rrus deaeracia


airmaregulirebeli Tburi milebis Siga zedapirebis deaeracia  xangrZllivi vakuumirebiT. rogorc wesi, warmoebs temperaturis pirobebSi, romelic 100-200 –iT aRemateba Tburi milis maqsimalurad SesaZlo saeqspluatacio temperaturas. konkretulidetalis deaeracia grZeldeba ramdenime saaTs. airebisgan gawmendili   airmaregulirebeli Tburi mili maSinve yendeba gasamarTad. dearirebuli airmaregulirebeli Tburi milis Senaxvis SemTxvevaSi mizanSewonilia misTvis gaTvaliswinebuli arakondensirebadi airiT, magaliTad argoniT Sevseba.
6.4. Tbogadamtanis momzadeba da airmaregulirebeli Tburi milis gamarTva


yvela operacia,  dawyebuli deaeraciiT, winaswari hermetulobis SemowmebiT da damTavrebuli teqnologiuri milyelis hermetizaciT da mza nakeTobis  ganmxoloeba sruldeba erT stendze.

gasamarT stendis dozatorSi distilirebuli wyali vakuumqveS duRiliT deaerirdeba. Semdgom wyali civdeba da kontroldeba eleqtrogamtaroba, simJave (pH metriT) da JangbadSemcveloba (JangbadsazomiT). SemdgomSi stendis koleqtoris gavliT ixsneba kavSiri dozatorsa da airmaregulirebeli Tbur mils Soris, romelic aqamde mudmivad vakuumis qveS iyo, da waylis mTeli masa gadaedineba. SemdgomSi koleqtorsa da airmaregulirebel Tbur milSi seiSveba argoni da heliumis SedarebiT mcire doza (mza nakeTobis hermetulobis kontrolis uzrunvelsayofad) da yendeba Sesabamisi wneva.

6.5. airmaregulirebeli Tburi milis hermetizacia


gamarTvis damTavrebis Semdeg teqnologiuri arxi koleqtorsa da Tbur mils Soris iketeba, teqnologiur milyelze dgeba gadasaWeri mowyobiloba  da warmoebs milyellis moWera (gaWyletva) airmaregulirebeli Tburi milis pirTan siaxloves. Semdeg airmaregulirebeli Tburi mili sarqvelTan da gadasaWim mowyobilobasTan erTad  ixsneba stendidan, korpusis awili Tavsdeba Txevad azotSi, ris Sedegad Tbur milSi argoni kondensirdeba da atmosferulze dabali wneva dgeba. amis Semdeg teqnologiur milyeli brtyeldeba da am nawilSi iWreba argon-rkaluri SeduRebiT. milyelis hermetizaciis Semdeg mas exureba xufi     da duRdeba airmaregulirebeli Tburi milis korpusze.

yvela teqnologiuri proceduris damTavrebis Semdeg xdeba mza airmaregulirebeli Tburi milis hermetulobis kontroli.
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