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I. qimiuri teqnologiis procesebisa da aparatebis kursi

1. zogadi cnobebi

1.1. procesebisa da aparatebis kursis sagani

qimiur mrewvelobaSi xorcieldeba sxvadasxva procesebi, romlebSic

masalebi ganicdian gardaqmnas. qimiur reaqciebTan erTad, romlebic Seadgenen

qimiuri teqnologiis safuZvels, qimiur-teqnologiuri procesebi moicaven

mravalricxovan fizikur da fiziko-qimiur procesebs, rogorebicaa siTxeebisa

da myari masalebis gadaadgileba, masalebis daqucmaceba da klasifikacia,

airebis SekumSva da transportireba, nivTierebaTa gaTboba da gaciveba,

Txevadi da airadi narevebis gayofa, xsnarebis aorTqleba, masalebis Sroba

da sxva.

qimiuri teqnologiis sxvadasxva dargebisaTvis saerTo procesebsa da

aparatebs ewodaT ZiriTadi procesebi da aparatebi. erT-erT ZiriTad process

warmoadgens gamoxda-reqtifikacia. ZiriTad aparatebs miekuTvnebian:

Tbomcvlelebi, gamyofi svetebi (Canawyobiani da TefSebiani), tumboebi,

kompresorebi, filtrebi, centrifugebi da sxva.

procesebisa da aparatebis kursi Seiswavlis ZiriTadi procesebis

Teorias, aparatebisa da manqanebis mowyobis principebsa da gaangariSebis

meTodebs, romlebic emyarebian fizikis, qimiis, fizikuri qimiis,

Termodinamikis, ekonomikis da sxva mecnierebaTa fundamentalur kanonebs.

kursis safuZvels warmoadgens garegnulad gansxvavebuli procesebisa da

aparatebis analogiis (xSirad maTematikuri) gamovlenas. amave kursSi

Seiswavleba masStaburi gadasvlis kanonzomierebani. sawarmoo aparatSi

procesis ganxorcieleba moiTxovs rigi faqtorebis gaTvaliswinebas,

rogorebicaa konstruqciuli parametrebi, nakadebis struqtura, siTbo- da

masagadacemis kinetika da sxva. am procesebis erToblioba gansazRvraven e.w.

procesebis makrokinetikas. am dros gamoiyeneba mikrokinetikis monacemebi:

Tbogamtaroba, molekuluri difuzia da sxva. procesebi da aparatebi

warmoadgens sainJinro disciplinas – qimiuri teqnologiis Teoriuli

safuZvlebis mniSvnelovan nawils.

qimiuri mrewveloba Seiqmna XVII-XIX s-Si istoriulad mokle periodSi.

120-150 wlis ganmavlobaSi igi gadaiqca meurneobis erT-erT umniSvnelovanes

dargad. amave dros warmoiSva Sesabamis sainJinro mecnierebis aucilebloba,

romelic ganuwyvetliv viTardeba. arsebobs uamravi magaliTi mrewvelobaSi

misi gadamwyveti rolis sailustraciod. procesebisa da aparatebis miRwevaTa

dasanergad mniSvnelovani roli eniWeba qimiur manqanaTmSeneblobas.

sakmaod xangrZlivi periodis ganmavlobaSi mniSvnelovan Teoriuli da

eqsperimentaluri kvleva mimdinareobda procesebisa da aparatebis

modelirebis safuZvelze msgavsebis Teoriis gamoyenebiT. amJamad efeqturad

gamoiyeneba maTematikuri da kompiuteruli modelirebis meTodebi.

1.2. ZiriTadi procesebis klasifikacia.

hidromeqanikuri procesebi, romelTa siCqare ganisazRvreba hidrodinamikis

(mecniereba siTxeebisa d airebis moZraobis Sesaxeb) kanonebiT. esenia:

siTxeebis Sereva, gadaadgileba, airebis SekumSva da gadaadgileba, siTxeebis

da airebis araerTgvarovani sistemebis gayofa simZimis Zalis velSi (daleqva)

an centridanuli Zalis gavleniT (centrifugireba), agreTve forovan fenaSi

gatarebiT wnevaTa sxvaobis xarjze (filtracia).

Tburi procesebi, romlebic emorCilebian siTbogadacemis (mecniereba siTbos

gavrcelebis gzebze) kanonebs. esenia: gaTboba, gaciveba, aorTqleba,
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kondensacia, lRoba da gamyareba. rigi specifikis gamo zomieri da Rrma

gacivebis procesebi gamoyofilia samacivro procesebis calke jgufad.

masacvlis procesebi xasiaTdebian sawyisi narevis erTi an ramdenime

komponentis gadataniT fazaTa gamyofi zedapiris gavliT. Cveulebriv, aseTi

procesebis malimitirebel stadias warmoadgens ganawilebuli komponentis

molekuluri difuzia. esenia: absorbcia-desorbcia, gamoxda (reqtifikacia),

eqstraqcia xsnarebidan da myari sxeulebidan, gaxsna, kristalizacia, Sroba.

masacvlis kinetika dakavSirebulia hidrodinamikur reJimebsa da xSirad

siTbos gadatanis Tanamdev procesebTan.

qimiuri (reaqciuli) procesebi mimdinareoben qimiuri kinetikis kanonebis

mixedviT, magram sawarmoo aparatebSi procesebis makrokinetika mniSvnelovnad

aris damokidebuli hidrodinamikur reJimebsa da masacvlis procesebze.

qimiur-reaqciul procesebs Seiswavlian zogadi qimiuri teqnologiis kursSi.

meqanikuri procesebi aRiwereba myari sxeulebis meqanikis kanonebiT. esenia:

daqucmaceba, dafqva, transportireba, daxarisxeba (klasifikacia), myari

nivTierebebis Sereva. calke jgufad aris gamoyofili qimiuri produqtebis

nakeTobad gadamuSaveba: dawnexva, Camosxma, eqstruzia da sxva.

qimiuri teqnologiis procesebi organizaciis xerxis mixedviT iyofian

periodulad da uwyvetad, cnobilia agreTve kombinirebuli meTodebi. uwyvet

procesebs gaaCniaT rigi upiratesobani: 1) mocdenis ararseboba, 2) martivi

avtomaturi regulireba, 3) reJimebis mdgradoba, 4) aparaturis kompaqturoba,

5) siTbos sruli gamoyeneba da rekuperacia.

uwyveti qmedebis aparatebSi nakadebis dayovnebis drois ganawilebis

mixedviT ganasxvaveben or zRvrul reJims: idealuri gamodevnis da idealuri

Serevis. realur aparatebSi nakadebis struqturas aqvs ufro rTuli saxe.

procesebi aseve xasiaTdebian maTi parametrebis droSi cvlilebis

mixedviT: damyarebuli (stacionaruli) da gardamavali (arastacionaruli)

reJimebi.

1.3. procesebisa da aparatebis analizisa da gaangariSebis zogadi

principebi.

procesebisa da aparatebis gaangariSebis ZiriTadi miznebia:

a) sistemis mdgomareobis zRvruli anu wonasworuli pirobebis gansazRvra

(statika).

b) sawyisi nivTierebebisa da produqtebis materialuri xarjebis, agreTve

energetikuli danaxarjebisa da Tbomatareblebis xarjebis gansazRvra

(balansebi).

g) muSaobis optimaluri reJimebisa da Sesabamisi muSa zedapirebisa da

moculobebis gamoTvla (kinetika).

d) aparatebis ZiriTadi zomebis gamoTvla (proeqtireba-konstruireba).

materialuri balansi. masis Senaxvis kanonis Tanaxmad miwodebuli

nivTierebebis masa tolia procesis Sedegad miRebuli nivTierebebis masisa

(danakargebis gaTvaliswinebiT):

ΣGsawy = ΣGsab + ΣGdan (1..3.1)

materialuri balansi dgeba dgeba mTlianad procesisa da calkeuli

stadiebisaTvis, agreTve komponentebisaTvis.

energetikuli balansi dgeba energiis Senaxvis kanonis safuZvelze.

energetikuli balansis nawils warmoadgens Tburi balansi:

ΣQsawy = ΣQsab + ΣQdan (1.3.2)

Semavali siTbo ΣQsawy = Q1 + Q2 + Q3
sadac sawyisi Q1 nivTierebebiT Setanili siTboa, Q2 - garedan miwodebuli

siTboa, Q3 - procesebis Tburi efeqtebis jami.
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procesebisa da aparatebis intensivoba. yvela ZiriTadi procesi mimdinareobs

mamoZravebeli Zalis gavleniT (wnevaTa, temperaturaTa, koncentraciaTa

sxvaoba). nebismieri procesis kinetikis gantoleba gamoisaxeba:

M = KAτ∆ (1.3..3)

∆ − mamoZravebeli Zalaa (mag. temperaturaTa sxvaoba), K – procesis siCqaris
koeficienti, A – geometriuli faqtori (muSa zedapiri, moculoba), τ - dro.

procesis intensivoba gadaiTvleba drois erTeulze da geometriuli

faqtoris erTeulze:

M/Aτ = K∆ (1.3..4)

kinetikuri koeficientis Sebrunebul sidides aRniSnaven winaRobiT R.

M = Aτ∆/R (1.3..5)

aparatebis ZiriTadi zomebis gansazRvra. drois erTeulSi aparatSi gamavali

aris moculobis Q da siCqaris w mixedviT iangariSeba ganivi kveTi S:
S = Q/w (1.3.6)

sxva ZiriTad zomas warmoadgens aparatis simaRle an sigrZe H. (1.3.3)

gantolebidan gansazRvruli moculobis V an farTis F mixedviT

ganisazRvreba muSa moculoba (farTs xSirad gamosaxaven a xvedriTi

zedapiriT: F=aV). formulidan V = S⋅H ganisazRvreba H.

perioduli moqmedebis aparatisTvis moculoba ganisazRvreba

mwarmoeblobis namravliT procesis periodze τ = Στ.
V = Qτ (1.3.7)

procesebisa da aparatebis modelireba da optimizacia. amJamad kompiuteruli

saSualebebis gamoyeneba sagrZnoblad amcirebs fizikuri modelirebis

aucileblobas. modelirebis saboloo etaps warmoadgens optimizacia –

SerCeuli kriteriumis (teqnikur-ekonomikuri) mixedviT saukeTeso reJimis

SerCeva.

II. hidromeqanikuri procesebi

2. hidravlikis safuZvlebi.

hidromeqanikis kanonebi da maTi praqtikuli gamoyeneba Seiswavleba

hidravlikis mier, romelic Sedgeba ori nawilisgan: hidrostatika Seiswavlis

siTxeebis wonasworobis kanonebs da uZrav mdgomareobas, hidrodinamika –

siTxeebisa da gazebis moZraobis kanonebs. hidravlikaSi siTxeebs, airebs da

orTqlebs zogadad uwodeben siTxeebs. hidravlikaSi Semotanilia idealuri

(absoluturad arakumSvadi, mudmivi simkvrivis da siblantis gareSe) siTxis

cneba. realur siTxeebs yofen wveTovan da drekad siTxeebad (es ukanasknelni

Tvisebebs mkveTrad icvlian temperaturisa da wnevis gavleniT).

2.1 siTxeebis zogierTi fizikuri Tvisebebi.

simkvrive da xvedriTi wona:

ρ = m/V     [kg/m3]  SI sistemaSi (2.1.1)

γ = G/V = ρg    [n/m3] (2.1.2)

wveTovani siTxeebis simkvrive gacilebiT maRalia drekad (airad) siTxeebTan

SedarebiT da mcired icvleba wnevisa da temperaturis gavleniT. airebis

simkvrive met-naklebi sizustiT emorCileba idealuri airebis mdgomareobis

gantolebas:

ρ = PM/RT (2.1.3)

P - wnevaa, M – molekuluri masa, R – airebis universaluri mudmiva, T –

absoluturi temperatura.

simkvrivis Sebrunebul sidides warmoadgens xvedriTi moculoba:
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v = 1/ρ (2.1.4)

wneva. elementarul F farTze normalurad moqmedi Zalis P fardobas am

farTze uwodeben hidrostatikur wnevas p:
p = lim(P/F) [n/m2 = 1 paskali, pa] (2.1.5)

wnevis sxva erTeulebia: 1 fizikuri atmosfero (atm) = 760 mm.vwy.sv = 10,33 wy.sv
= 1,033 kgZ/sm2 (teqnikuri atmosfero, at) = 101300 pa = 1,013 bari
wnevis gazomvisas unda ganvasxvavoT absoluturi da Warbi wneva:

pabs = pWarbi + patm (2.1.6)

siblante. realuri siTxis moZraobisas masSi aRiZvreba Sinagani xaxunis

Zalebi. siTxis Tvisebas, winaaRmdegoba gauwios misi nawilakebis fardobiTi

gadaadgilebisken mimarTul zemoqmedebas, uwodeben siblantes.

ganvixiloT F farTis mqone ori

elementaruli siTxis fena dn sisqiT,

siCqareTa sxvaobiT dw. niutonis Sinagani

xaxunis kanonis Tanaxmad siTxis dinebisas

siTxis fenebs Soris Sinagani xaxunis Zabva

pirdapirproporciulia siCqaris gradientis:

τ = |T|/F = -µ ⋅dw/dn (2.1.7)

uaryofiTi niSani miuTiTebs, rom mxebi Zala T amuxruWebs fenas, romelic

fardobiTad meti siCqariT moZraobs. proporciulobis koeficients µ
uwodeben siblantis dinamiur koeficients, an dinamiur siblantes, an

siblantes. misi ganzomilebaa:

[µ] = n⋅wm/m2 = pa⋅wm  (2.1.8)

CGS sistemaSi [µ] = dn⋅wm/sm2 = puazi
puazi/100 = santipuazi = 0,001 pa⋅wm

kinematikur siblantes uwodeben:

ν = µ/ρ,  CGS sistemaSi |ν| = 1 sm/wm2 = stoqsi (2.1.9)

niutonis Sinagani xaxunis gantolebis interpretacia SeiZleba agreTve

impulsis gadatanis saxiT. Zvris Zabva SeiZleba ganvsazRvroT, rogorc

impulsis xvedriTi nakadi siTxis fenebs Soris. aseTi warmodgena avlens

analogias zogadad gadatanis movlenebs Soris (siTbo- da masagadatanasTan

erTad).

siTxeebs, romlebic ar emorCilebian aRniSnul kanons, uwodeben e.w.

araniutonis siTxeebs.

zedapiruli daWimuloba  ewodeba muSaobas, romelic saWiroa zedapiris

axali erTeulis Sesaqmnelad.

[σ] = j/m2 = n/m  (2.1.10)

2.2. hidrostatika.

hidrostatika Seiswavlis fardobiT

uZrav mdgomareobaSi myof siTxeebs.

absoluturi uZraoba warmoadgens fardobiTis

kerZo SemTxvevas.

2.2.1. eileris wonasworobis

diferencialuri gantoleba.

ganvixiloT siTxis elementaruli

paralelepipedi zomebiT dx dy dz.
simZimis Zala: -g.dm = - g⋅ρ⋅dx⋅dy⋅dz
Zalebis proeqcia Z RerZze:
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- g⋅ρ⋅dx⋅dy⋅dz - (∂p/∂z)dz⋅dx⋅dy = 0 (2.2.1.1)

samive RerZisaTvis:

- g⋅ρ - ∂p/∂z = 0 (2.2.1.2)

- ∂p/∂x = 0
- ∂p/∂y = 0

gantolebaTa sistema (2.2.1.2) gamosaxavs eileris wonasworobis diferencialur

gantolebas.

2.2.2. hidrostatikis ZiriTadi gantoleba.

hidrostatikis ZiriTadi gantoleba miiReba eileris dif. gantolebis

integrirebiT. vinaidan uZrav siTxeSi wneva mxolod Z – RerZis gaswvriv

icvleba, kerZo warmoebuli icvleba warmoebuliT:

- g⋅ρ - dp/dz = 0
ukumSveli erTgvarovani siTxisaTvis ρ=const
d(Z + p/ρg) = 0
Z + p/ρg = const (2.2.2.1)

ori nebismieri kveTisaTvis Z1 + p1/ρg = Z2 + p2/ρg
Z – ewodeba niveluri simaRle

p/ρg – piezometruli dawnevaa

anu uZravi siTxis yoveli wertilisTvis niveluri simaRlisa da

piezometruli dawnevis jami mudmivi sididea. am jams ewodeba sruli

hidrostatikuri an statikuri dawneva.

Tu hidrostatikis ZiriTad gantolebas gardavqmniT:

p = p0 + ρg(Z0 – Z) (2.2.2.2)

es gantoleba gamosaxavs paskalis kanons – uZravi ukumSveli siTxis

nebismier Z0 wertilze modebuli wneva p0 Tanabrad gadaecema misi moculobis

yovel wertils Z.

hidrostatikis ZiriTadi gantolebis zogierTi praqtikuli gamoyeneba.

ziarWurWlebis principi:

pat + ρ1gZ0’ = pat + ρ2gZ0”      (2.2.2.3)
am gantolebis mixedviT SesaZlebelia wnevis an

wnevaTa sxvaobis gazomva U-s magvari manometriT.

siTxis donis pnevmaturi gazomva daxurul

rezervuarebSi:

Z = (p-p0)/ρg (2.2.2.4)

hidrostatikuri manqanebi (hidravlikuri wnexi):

F2 = F1⋅S2/S1 (2.2.2.5)
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wneva WurWlis fskersa da kedlebze:

p = p0 + ρgH (2.2.2.6)

Zala fskerze: Ff = pS (2.2.2.7)

Zala kedelze: Fk = (p0 + ρgh)S, h = 2H/3 (2.2.2.8)

sadac S Sesabamisi zedapiris farTia.

2.3. hidrodinamika

siTxeebis dinebisas mamoZravebel Zalas warmoadgens wnevaTa sxvaoba.

hidrodinamikuri gamoTvlebiT vpoulobT nakadis moZraobisTvis aucilebel

wnevaTa sxvaobas da energiis xarjs an piriqiT – vpoulobT siCqares da xarjs

cnobili wnevaTa sxvaobisaTvis.

ganasxvaveben hidrodinamikis Sinagan (siTxis moZraoba milebsa da arxebSi)

da garegan (sxeulis garsSemodineba siTxiT) amocanebs. zogierT Sereul

amocanas (mag. siTxis moZraobas marcvlovan an forovan fenaSi) Cveulebriv

miiyvanen erT-erT zRvrul amocanamde.

2.3.1. siTxeebis moZraobis ZiriTadi maxasiaTeblebi.

siTxis xarji Q – [m3/wm], drois erTeulSi nakadis ganiv S kveTSi

gamavali siTxis moculoba.

nakadis kveTis sxvadasxva wertilSi nawilakebis siCqare sxvadasxvaa,

angariSebSi iyeneben ara WeSmarit (lokalur) siCqareebs, aramed saSualo

siCqares:

w = Q/S [m/wm] (2.3.1.1)

masuri xarji: M = ρwS [kg/wm] (2.3.1.2)

hidravlikuri radiusi da eqvivalenturi diametri.

hidravlikuri radiusi:

rh = S/П (2.3.1.3)

S – kveTi, П - sveli perimetri. eqvivalenturi diametria:

dэ = 4rh = 4S/П (2.3.1.4)

sxvadasxva kveTisaTvis dэ advilad iangariSeba.

damyarebuli da arastacionaruli nakadebi.

siTxis moZraoba damyarebuli, anu stacionarulia, Tu nakadis

nawilakebis siCqare, agreTve sxva parametrebi (simkvrive, wneva, temperatura)

yovel fiqsirebul wertilSi ar icvleba.

∂wx/∂τ = 0,  wx = f(x,y,z) (2.3.1.5)

arastacionaruli dinebis magaliTia siTxis Camodineba WurWlis daclisas

cvalebadi doniT da wneviT.

moZravi siTxis yoveli nawilakebis parametrebis cvlilebas drosa da

sivrceSi gamoxataven e.w. substanciuri warmoebuliT. am dros miRebulia, rom

damkvirvebeli mihyveba mis gadaadgilebas:

dU/dτ = ∂U/∂τ + wx ∂U/∂x + wy ∂U/∂y+ wz ∂U/∂z (2.3.1.6)

∂U/∂τ  gamosaxavs U parametris  lokalur cvlilebas, danarCeni Sesakrebebi ki

konveqciur cvlilebas.

2.3.2. siTxis moZraobis reJimebi.

 siTxis moZraobis reJimebi pirvelad Seiswavleboda reinoldsis mier,

saRebavis wvrili Wavlis gatarebiT horizontalur minis milSi:
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  a) laminaruli (Wavluri) dineba    b) turbulenturi dineba

reJimis maxasiaTeblad reinoldsma SearCia uganzomilebo kompleqsi (e.w.

reinoldsis kriteriumi):

Re = wdρ/µ = wd/ν (2.3.2.1) 

laminaruli reJimisaTvis Re < 2320,
damyarebuli turbulenturi reJimisaTvis Re > 10000.
am or zRvrul reJims Soris SeiniSneba e.w. gardamavali reJimi.

arawriuli kveTisaTvis Re formulaSi unda Caisvas dэ.

2.3.3. siCqareTa ganawileba damyarebul laminaruli reJimisas.

 ganvixiloT laminarul nakadSi siTxis r radiusis
da l sigrZis cilindruli fenis moZraoba.

siblantis gansazRvrebis Tanaxmad (niutonis

kanoni):

|T| = -µF⋅dw/dr (2.3.3.1)

es xaxunis Zala ewinaaRmdegeba wnevaTa sxvaobiT

warmoqmnil Zalas:

(p1-p2)πr2 =  -µ⋅2πrl⋅dw/dr (2.3.3.2)

integrirebiT vRebulobT:

r∫R (∆p/2µl)r dr = - Wr ∫0 dwr (2.3.3.3)

wr = (∆p/4µl) ⋅ (R2-r2) = wmax(1-r2/R2) (2.3.3.4)

es siCqareTa paraboluri ganawilebis gantoleba gamosaxavs stoqsis kanons.

siTxis xarjis dasadgenad CavweroT:

dQ = wr
.ds = wr

.2πr.dr (2.3.3.5)

Q = 0∫R dQ = (∆p/8µl). πR4 = π∆pd4/128µl (2.3.3.6)

aqedan saSualo siCqare:

w = Q/S = Q/(πd2/4) = ∆pd2/32µl = wmax/2 (2.3.3.7)

bolo formula gamosaxavs puazeilis gantolebas.

2.3.4. turbulenturi nakadis zogierTi maxasiaTeblebi.

turbulentur nakadSi nawilakebis qaoturi moZraobis gamo xdeba

siCqareTa gaTanabreba kveTSi. am dros siCqareTa profili ar emorCileba

paraboluri  ganawilebis kanons.

eqsperimentalurad dadgenilia Semdegi Tanafardobebi:

Re = 104
 -Tvis w = 0,8 wmax (2.3.4.1)

Re = 108
 -Tvis w = 0,9 wmax

am dros siCqareTa profili gamosaxavs ara WeSmarit lokalur, aramed

gasaSualoebul siCqareebs.

turbulenturi nakadis yovel wertilSi siCqare ganicdis  fluqtuaciebs.

gasaSualoebuli siCqare gamoisaxeba:

wx = (0∫τ wx dτ) / τ (2.3.4.2)
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myis pulsaciur siCqares uwodeben

sxvaobas:

wx- wx = ∆w  (2.3.4.3)

erTmaneTisgan unda ganvasxvavoT

gasaSualoebuli siCqare wx mocemul

wertilSi da nakadis saSualo siCqare w.

turbulenturi moZraoba ganixileba,

rogorc kvazistacionaruli.

turbulenturobis intensiurobas

uwodeben sidides:

IT = ∆w / wx (2.3.4.4)

E erToblivad moZrav nawilakebs

miakuTvneben erT grigals, xolo manZils

or uaxloes nawilaks Soris, romlebic ar

miekuTvnebian erTsa da imave grigals,

uwodeben turbulenturobis masStabs.

jamuri mxebi Zabva nakadSi ganpirobebulia rogorc siTxis WeSmariti

siblantiT, aseve turbulentobiT:

τ = -ρ(ν + νT) dwx/dy (2.3.4.5)

pirobiTad ganasxvaveben nakadis birTvs ganviTarebuli turbulenturobiT da

hidrodinamikur sasazRvro fenas kedelTan, sadac dineba gadadis

laminarulSi. hidrodinamikur sasazRvro fenaSi ansxvaveben Txel qvefenas

uSualod kedelTan – laminarul sasazRvro qvefenas (ufro zustad blant

qvefenas), sadac ν > νT.

2.3.5. nakadis uwyvetobis gantoleba.

ganvixiloT siTxis nakadSi elementaruli paralelepipedi moculobiT

dx⋅dy⋅dz.
X RerZis gaswvriv dydz elementaruli

farTis gavliT masis nazrdi tolia:

dMx=Mx -Mx+dx = - [∂(ρwx)/∂x]dx.dydz⋅dτ       (2.3.5.1)

masis jamuri nazrdi samive ganzomilebidan:

dM = -[∂(ρwx)/∂x+∂(ρwy)/∂y+∂(ρwz)/∂z]dxdydz⋅dτ (2.3.5.2)
meore mxriv, es SesaZlebelia mxolod

simkvrivis cvlilebiT:

dM = (∂ρ/∂τ)dxdydz⋅dτ (2.3.5.3)

anu 

∂ρ/∂τ + ∂(ρwx)/∂x + ∂(ρwy)/∂y + ∂(ρwz)/∂z = 0 (2.3.5.4)

warmoadgens nakadis uwyvetobis

diferencialur gantolebas daumyarebeli

moZraobisas. misi sxvagvarad Cawera

SesaZlebelia:

dρ/dτ + ρ⋅div(w) = 0 (2.3.5.5)

sadac dρ/dτ warmoadgens simkvrivis substanciur warmoebuls (ix. gantoleba

2.3.1.6), xolo ∂wx/∂x+∂wy/∂y+∂wz/∂z = div(w) siCqaris veqtoris divergencias.
damyarebuli reJimisaTvis (2.3.5.4)-dan vRebulobT:

ρw = const (2.3.5.6)

cvalebadi kveTisaTvis farTobze integrirebiT miviRebT:

ρwS = const (2.3.5.7)
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nakadis uwyvetobis gantolebis integralur formas agreTve uwodeben

mudmivi xarjis gantolebas, igi warmoadgens masis Senaxvis kanonis kerZo

SemTxvevas da gamosaxavs nakadis materialur balanss.

rig procesebSi SesaZlebelia nakadis wyveta: tumboebis Sewovis mxares,

nakadis gadaxurebis an wnevis dacemis gamo wamoduRebis an siTxeSi gaxsnili

airebis gamoyofis Sedegad.

2.3.6. eileris moZraobis diferencialuri gantoleba.

ganvixiloT idealuri siTxis elementaruli paralelepipedi, iseve,

rogorc eileris wonasworobis gantolebis (2.2.1.2) gamoyvanisas (ix. Sesabamisi

naxazi), oRond gaviTvaliswinoT dinamikis ZiriTadi principi, romlis

Tanaxmadac ZalTa proeqciebis jamebi tolia elementaruli moculobis masis

ρ⋅dxdydz da aCqarebis proeqciaTa namravlis. moculobaze dxdydz Sekvecis

Semdeg miviRebT:

ρ⋅dwx/dτ = -∂p/∂x (2.3.6.1)

ρ⋅dwy/dτ = -∂p/∂y
ρ⋅dwz/dτ = -ρg - ∂p/∂z

sistema (2.3.6.1) warmoadgens idealuri (arablanti) siTxis moZraobis

diferencialur gantolebas, sadac siCqaris TiToeuli mdgenelis

substanciuri warmoebulebi dwx/dτ, dwy/dτ,  dwz/dτ gamoisaxebian:
dwx/dτ = ∂wx/∂τ + wx⋅∂wx/∂x + wy⋅∂wx/∂y + wz⋅∂wx/∂z (2.3.6.2)

dwy/dτ = ∂wy/∂τ + wx⋅∂wy/∂x + wy⋅∂wy/∂y + wz⋅∂wy/∂z
dwz/dτ = ∂wz/∂τ + wx⋅∂wz/∂x + wy⋅∂wz/∂y + wz⋅∂wz/∂z

2.3.7. navie-stoqsis diferencialuri gantoleba.

realuri siTxis moZraobisas nakadSi, garda wnevisa da simZimis

Zalebisa, moqmedeben agreTve xaxunis Zalebi.

erTganzomilebiani brtyeli nakadisaTvis xaxunis ZalTa tolqmedis

proeqcia X RerZze (2.1.7) gantolebis gaTvaliswinebiT gamoisaxeba:

- (∂τ /∂z)⋅dxdy⋅dz  = µ(∂2wx/∂z2)⋅dxdy⋅dz    (2.3.7.1)
zogad SemTxvevaSi wx siCqaris mdgeneli

icvleba koordinatTa samive RerZis

mimarTulebiT, Sesabamisad xaxunis ZalTa

tolqmedis proeqcia X RerZze tolia:

µ(∂2wx/∂x2+∂2wx/∂y2+∂2wx/∂z2)⋅dxdy⋅dz=
= µ∇2wx⋅dxdy⋅dz   (2.3.7.2)
sadac ∇2

 laplasis operatoria.

Sesabamisad, Y RerZisaTvis gveqneba µ∇2

wy⋅dxdy⋅dz, xolo Z RerZisaTvis µ∇2 wz⋅dxdy⋅dz.
eileris moZraobis dif. gantolebaSi xaxunis Zalis proeqciaTa

gaTvaliswinebiT vRebulobT:

 ρ⋅dwx/dτ = -∂p/∂x  + µ∇2wx (2.3.7.3)

ρ⋅dwy/dτ = -∂p/∂y  + µ∇2wy
ρ⋅dwz/dτ = -ρg - ∂p/∂z  + µ∇2wz

sistema (2.3.7.3) warmoadgens navie-stoqsis gantolebas, romelic aRwers blanti

wveTovani siTxis moZraobas.

drekadi siTxis (airis) moZraobisas masSi agreTve aRiZvreba SekumSva-

gaiSviaTebis Zalebi, romelTa gaTvaliswinebiT navie-stoqsis gantoleba iRebs

saxes:

ρ⋅dwx/dτ = -∂p/∂x  + µ[∇2wx + (∂θ/∂x)/3] (2.3.7.4)

ρ⋅dwy/dτ = -∂p/∂y  + µ[∇2wy + (∂θ/∂y)/3]
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ρ⋅dwz/dτ = -ρg - ∂p/∂z  + µ[∇2wz + (∂θ/∂z)/3]
sadac θ = ∂wx/∂x+∂wy/∂y +∂wz/∂z = div(w)

navie-stoqsis gantoleba zogadi saxiT ar ixsneba (garda zogierTi

gamartivebuli daSvebisaTvis). igi gardaiqmneba msgavsebis Teoriis meTodebiT.

2.3.8. bernulis gantoleba damyarebuli reJimisaTvis.

gadavamravloT eileris gantolebebi Sesabamisad dx-ze, dy-ze, dz-ze da
SevkriboT, amasTan gaviTvaliswinoT, rom dx/dτ = wx; dy/dτ = wy; dz/dτ = wz
miviRebT:

wx⋅dwx+wy⋅dwy+ wz⋅dwz = -g⋅dz-[(∂p/∂x)dx+(∂p/∂y)dy+(∂p/∂z)dz]/ρ (2.3.8.1)

d(wx
2+wy

2+wz
2)/2 = -g⋅dz – dp/ρ (2.3.8.2)

sadac dp sruli diferencialia.

d(w2/2) = -g⋅dz – dp/ρ (2.3.8.3)

integrirebiT vRebulobT:

z + P/ρg + w2/2g = const (2.3.8.4)

warmoadgens bernulis gantolebas idealuri siTxisaTvis. am jams uwodeben

srul hidrodinamikur dawnevas. z niveluri simaRlisa da P/ρg piezometruli

dawnevis jami (anu hidrostatikuri dawneva) axasiaTebs srul xvedriT

potencialur energias mocemul wertilSi. sidides w2/2g ewodeba siCqaruli

anu dinamiuri dawneva da axasiaTebs xvedriT kinetikur energias.

xSirad bernulis gantoleba Semdegnairad Caiwereba:

ρgz + P + ρw2/2 = const (2.3.8.5)

wnevis ganzomileba n/m2 = n.m/m3 = j/m3 Seesabameba xvedriT energias.

amgvarad, bernulis gantoleba warmoadgens energiis mudmivobis kanonis

kerZo SemTxvevas.

naxazi bernulis kanonis

sailustraciod:

gamosaxulia nakadi, rodesac

erTdroulad icvleba ganivi kveTi

(Sesabamisad siCqare) da niveluri

simaRle.

nakadis or sxvadasxva wertilSi sruli

hidrodinamikuri dawneva  mudmivia,

Tumca icvleba misi mdgenelebi:

z1+P1/ρg+w1
2/2g = z2+P2/ρg+w2

2/2g
realuri siTxeebisaTvis gvaqvs dawnevis

danakargi:

z1+P1/ρg+w1
2/2g =

= z2+P2/ρg+w2
2/2g + hdan (2.3.8.6)

an ρgz1+P1 +ρw1
2/2 =

= ρgz2+P2 +ρw2
2/2 + ∆pdan (2.3.8.7)

bernulis kanonis zogierTi gamoyeneba.

a} nakadis siCqaris gazomva pito-prandtlis miliT:

h = w2/2g (2.3.8.8)
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b} gamzomi diafragma, saqSeni da venturis mili

Q = 0,785απd0
2⋅√[2gh/(1-d2

4/d1
4)] (2.3.8.8)

α- xarjis koeficientia, h = ∆p/(ρg)
g) siTxis Camodineba WurWlis ZirSi moTavsebuli naxvretidan.

mudmivi donisas:

w1 ≈ 0, w2 = √(2gh) (toriCelis formula) (2.3.8.9)

realuri siTxeebisaTvis wnevis danakargis gamo:

w2 = ϕ√(2gh) (2.3.8.10)

ϕ <1 siCqaris koeficientia
S ganivi kveTis WurWlis H1 donidan H2 donemde Camoclis dros saangariSod

gaviTvaliswinoT:

Q = w/S; dV = Qdτ
anu dτ = -S⋅dH/[αs0√ (2gh)] (2.3.8.11)

integrirebiT:

τ = 2S⋅(√H1-√H2)/[αs0√ (2g)] (2.3.8.12)

xolo sruli daclisaTvis:

τ = 2S⋅√H1/[αs0√ (2g)] (2.3.8.13)

2.3.9. msgavsebis Teoriis safuZvlebi.

procesebis Seswavla saangariSo damokidebulebaTa misaRebad

SesaZlebelia wminda Teoriuli gziT. es yvelaze sasurveli gzaa (mag.

hidrostatikis da bernulis gantolebebi).

diferencialuri gantolebebi aRweren erTgvarovani movlenebis mTel

klass da konkretuli movlenis gamosayofad gantolebebi unda SeizRudos

damatebiTi pirobebiT (calsaxobis pirobebiT), romlebSic igulisxmobian:

sistemis geometriuli forma da zomebi, procesisTvis arsebiTi nivTierebaTa

fizikuri konstantebi, sawyisi pirobebi (siCqare, temperatura, koncentracia),

sasazRvro pirobebi (mag. kedelTan siCqaris 0-is toloba). magram qimiuri

teqnologiis mravali procesi xasiaTdebian mravali cvladiT da imdenad

rTulia, rom xSirad xerxdeba mxolod maTematikuri amocanis Camoyalibeba da

calsaxobis pirobebis dadgena (mag. navie-stoqsis gantoleba).

kvlevis eqsperimentaluri xerxis dros cdis Sedegad xSirad miiReba

empiriuli gantolebebi, romlebic unda gavrceldnen sxva pirobebisTvisac da

gamoyenebulni iqnan sainJinro praqtikaSi. nayofieria iseTi cdebis Catareba,

romlebic iZleva cdebis Sedegebis ganzogadoebisa da Seswavlilis msgavs

procesebze gavrcelebis saSualebas. msgavsebis Teoria warmoadgens

moZRvrebas cdebis samecniero ganzogadoebis Sesaxeb. am dros cdebi tardeba

modelebze, gansxvavebuli (arasaSiSi) nivTierebebis gamoyenebiT, ara

eqstremalur reJimebSi. bekelandis TqmiT, SegviZlia Secdomebi davuSvaT

mcire masStabSi, xolo mogeba miviRoT didSi.

msgavsebis Teoriis meTodebi warmoadgenen procesebis masStabirebisa da

modelirebis safuZvels. farTo azriT, modelirebaSi igulisxmeba kvlevis

meTodi, romlis drosac uSualod CvenTvis saintereso obieqtis (naturis)

nacvlad Seiswavleba procesi sxva obieqtze (modelze). modelSi yovelTvis
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ar igulisxmeba materialuri obieqti. igi SeiZleba iyos konceptualuri,

xolo miRebuli idealuri fizikuri modelis safuZvelze adgenen maTematikur

models. maTematikuri modelireba ar moiTxovs fizikuri azriT igive

obieqtis Seswavlas. maTematikuri modelirebis arsi emyareba analogiis

princips an diferencialur gantolebaTa izomorfulobis Tvisebas –

erTtipuri diferencialur gantolebaTa sistemebiT SeiZleba aRiweros

fizikuri arsiT gansxvavebuli movlenebi. farTod gamoiyeneba eleqtruli

modelebi (magaliTis saxiT: WurWlis avseba-daclis procesis modelireba

SesaZlebelia kondensatoris damuxtva-ganmuxtvis procesis saSualebiT).

amJamad farTod gamoiyeneba cifrul manqanebze maTematikuri modelirebis

ricxviTi meTodebi.

2.3.10. msgavsebis pirobebi da Teoremebi.

1) geometriuli msgavseba. uganzomilebo masStabur mamravlebs, romlebic

gamoxataven msgavsi geometriuli sistemebis Sesabamis sidideebis fardobas,

ewodebaT msgavsebis mudmivebi:

a’/a’’ = b’/b’’ = kl = const (2.3.10.1)

msgavsebaTa invariantebi ki gamoxataven erTi da igive sistemis raime ori

sididis fardobas:

a’/b’ = a’’/b’’ = il = const = inv = idem (2.3.10.2)

2) droiTi msgavseba xasiaTdeba imiT, rom geometriulad msgavs sistemaSi

Sesabamisi nawilakebi msgavs traeqtoriebs gaivlian msgavs droSi.

T’/T” = τ’ /τ” = k τ = const (2.3.10.3)

am dros daculi iqneba:

3) siCqareTa msgavsebac:

w0’/w0’’ = w1’/w1’’ = k ω = const (2.3.10.4)

4) fizikur sidideTa msgavseba. naturisa da modelis ori nebismieri

Sesabamisi wertilisTvis:

ρ0’/ρ 0’’ = ρ 1’/ρ 1’’ = k ρ = const (2.3.10.5)

. . . .

µ0’/µ 0’’ = µ 1’/µ 1’’ = k µ = const (2.3.10.6)

4) sawyisi da sasazRvro pirobebis msgavseba gulisxmobs, rom ZiriTadi

parametrebis mniSvnelobaTa fardobebi naturisa da modelisTvis

dasawyisSi da sazRvrebze mudmivi sididea.

msgavseba SeiZleba davaxasiaToT agreTve msgavsebis invariantebiT. ori

erTgvarovani fizikuri sididis fardobiT gamosaxuli msgavsebis invariantebi

warmoadgenen parametrul kriteriumebs, anu simpleqsebs. magram msgavsebis

invariantebi SeiZleba warmoadgendnen sxvadasxvagvar fizikur sidideTa

fardobas anu uganzomilebo kompleqss, magaliTad reinoldsis kriteriumi:

Re = w⋅d⋅r/µ = idem (2.3.9.7)

Tu msgavsebis invariantebi miRebulia procesis aRmweri dif. gantolebis

gardaqmniT, maT uwodeben msgavsebis kriteriumebs. maT yovelTvis gaaCniaT

fizikuri azri da warmoadgenen raime efeqtebis TanafardobaTa zomas.

msgavsebis kriteriumebs uwodeben agreTve ganzogadoebul cvladebs.

msgavsebis Teoremebi.

1) niutonis Teorema: msgavsi movlenebi xasiaTdebian ricxobrivad toli

msgavsebis kriteriumebiT.

2) (bekingemi, federmani, afanasiev-erenfesti): nebismieri diferencialuri

gantolebebis amoxsna, romlebic akavSireben procesze moqmed cvladebs,

SeiZleba warmodgenili iqnas msgavsebis kriteriumebs Soris

damokidebulebiT, romlebsac uwodeben ganzogadoebul kriterialur

gantolebebs. msgavsebis kriteriumebs, romlebic Sedgebian mxolod
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calsaxobis pirobis sidideebiT, uwodeben ganmsazRvrels, xolo Tu isini

moicaven procesis calsaxobisaTvis araaucilebel sidideebsac,

warmoadgenen gansasazRvrels.

3) (kirpiCevi, guxmani): msgavsebi arian movlenebi, romlebic aRiwerebian erTi

da igive diferencialur gantolebaTa sistemiT da daculia calsaxobis

pirobaTa msgavseba, anu movlenebi msgavsia, Tu maTi ganmsazRvreli

kriteriumebi tolia.

ganzomilebaTa analizis meTodis ZiriTadi principebi. mravali procesi

imdenad rTulia, rom ar xerxdeba sruli maTematikuri aRwera, mxolod

zogadad SeiZleba warmovidginoT damokidebuleba procesis sidideebs Soris.

Tu sidide α damokidebulia parametrebze α = f(β,γ,δ,θ),  am damokidebulebis

konkretuli saxis mosaZebnad SeiZleba ganzomilebaTa analizis

meTodisAgamoyeneba. amis safuZvels warmoadgens bekingemis π – Teorema: - n
raodenobis cvladTa damakavSirebeli zogadi funqcionaluri damokidebuleba

SeiZleba warmovidginoT n-m uganzomilebo kompleqsis saSualebiT, sadac m
– ganzomilebis ZiriTad erTeulTa raodenobaa.

2.3.11. hidrodinamikuri msgavseba.

    msgavsebis Teoriis daxmarebiT SegviZlia gardavqmnaT navie-stoqsis

gantoleba da miviRoT zogadi funqcionaluri damokidebuleba blanti siTxis

moZraobis damaxasiaTebeli kriteriumebisaTvis:

ρ⋅∂wz/∂τ + ρ⋅ (wx⋅∂wz/∂x + wy⋅∂wz/∂y + wz⋅∂wz/∂z) =
= -ρg - ∂p/∂z + µ⋅(∂2wz/∂x2 + ∂2wz/∂y2 + ∂2wz/∂y2) (2.3.11.1)

am gantolebis msgavsi gardaqmnisTvis gamoviyenoT wesi: msgavsebis

kriteriumebis miReba SeiZleba diferencialuri gantolebis erTi nawilis

gayofiT meoreze da maTematikuri operatorebis niSnebis moSorebiT.

gantolebis marcxena nawilis pirveli Sesakrebi gardaiqmneba:

ρ⋅∂w/∂τ ∼ ρw/τ (2.3.11.2)

gantolebis marcxena nawilis meore Sesakrebi gardaiqmneba:

ρ⋅w⋅∂w/∂l  ∼  ρ⋅w⋅w/l  = ρw2/l (2.3.11.3)

gantolebis marjvena nawilis meore Sesakrebidan miviRebT:

∂p/∂z  ∼ p/l (2.3.11.4)

gantolebis marjvena nawilis mesame Sesakrebidan miviRebT:

µ⋅∂2w/∂l2 ∼ µw/l2 (2.3.11.5)

gantolebis TiToeuli wevri gavyoT ρw2/l -ze:
ρg / (ρw2/l) = gl/w2, mis Sebrunebul sidides (raTa ricxvi ar iyos erTze

naklebi):

w2/gl = Fr (2.3.11.6)

ewodeba frudis kriteriumi. igi asaxavs simZimis Zalis gavlenas siTxis

moZraobaze (inerciis ZalasTan SefardebiT).

(p/l) / (ρw2/l) = p/ρw2 ∼ ∆p/ρw2 = Eu (2.3.11.7)

eileris kriteriumi asaxavs hidrostatikuri wnevis vardnis gavlenas siTxis

moZraobaze.

(µw/l2) / (ρw2/l) = µ / (ρwl), misi Sebrunebuli sididea:

 wlρ/µ = Re (2.3.11.8)

reinoldsis kriteriumi, asaxavs xaxunis Zalis gavlenas siTxis moZraobaze.

(ρw/τ) / (ρw2/l) = l/(wτ), misi Sebrunebuli sididea:

 wτ/ l = Ho (2.3.11.9)

homoqronobis kriteriumi daumyarebeli moZraobisaTvis.



16

msgavsebis II Teoremis Tanaxmad navie-stoqsis gantoleba SeiZleba

gamoisaxos damokidebulebiT msgavsebis kriteriumebs Soris (maT Soris

geometriuli msgavsebis simpleqsiT, magaliTad l/dэ):

φ(Ho, Fr, Eu, Re, l/dэ) = 0 (2.3.11.10)

Cveulebriv, gansasazRvrel kriteriums warmoadgens Eu:
Eu = f(Ho, Fr, Re, l/dэ) (2.3.11.11)

hidrodinamikis ganzogadebuli, anu kriterialuri gantolebaa.

xSirad mis aproqsimacias axdenen xarisxovani formulebiT:

Eu = A⋅Rem Frn Hop (l/dэ)q   (2.3.11.12)

damyarebuli reJimisaTvis Ho gamoiricxeba.
Cveulebriv, miaxloebiTi modelirebisaTvis SesaZlebelia

araganmsazRvreli kriteriumis ugulvebelyofa. magaliTad, siTxeebis

gadaadgilebisas tumboebiT simZimis Zalis gavlena siCqareTa ganawilebaze da

wnevis vardnaze umniSvneloa:

Eu = f(Re, l/dэ) (2.3.11.13)

Tu romelime parametri praqtikulad gavlenas ar axdens procesis

msvlelobaze, process uwodeben avtomodelurs am parametris mimarT.

avtomodeluri parametris cdis Sedegad dadgenili xarisxis maCvenebeli

aRmoCndeba nulis toli an masTan axlo sidide.

xSirad raime sididis gamosaricxad miiReba warmoebuli kriteriumebi:

mag. konveqciuri nakadebis siCqaris gansazRvris sirTulis gamo mas

gamoricxaven:

Re2/Fr = (wlρ/µ)2/(w2/gl) = l3ρ2g/µ2 = Ga (2.3.11.14)

Ga galileis kriteriumia. misi namravli simkvrivis fardobiT gansxvavebaze

siTxis sxvadasxva wertilebSi (rac warmoadgens konveqciuri nakadebis

mizezs) gvaZlevs:

Ga⋅(ρ0 - ρ)/ρ = Ar (2.3.11.14)

Ar arqimedis kriteriumia.

2.3.12. hidravlikuri winaaRmdegoba milsadenebSi.

qselis sruli hidravlikuri winaaRmdegoba bernulis kanonis

safuZvelze danakargebis gaTvaliswinebiT iangariSeba jamis saxiT:

∆p = ∆psiCq. +  ∆psimZ. + ∆pgans.+ ∆pxax. +  ∆pad.w. (2.3.12.1)

sadac wnevis danaxarji siCqaris Sesaqmnelad:

∆psiCq. = ρw2/2 (2.3.12.2)

wnevis danaxarji siTxis asawevad mocemul h simaRleze:

∆psimZ. = ρgh (2.3.12.3)

wnevaTa sxvaoba tumbos dawnevisa da Sewovis mxareebs Soris:

∆pgans. = p2-p1 (2.3.12.4)

bernulis gantolebisgan damatebiTi wevrebi (danakargebi) iyofa or nawilad:

xaxunis ∆pxax da adgilobrivi winaRobebze ∆pad.w..

wnevis danakargi xaxunze izoTermuli nakadisTvis (ρ=const, µ= const)
iangariSeba:

∆pxax. = λ⋅(L/d)⋅ρw2/2, an Eu = C⋅Rem⋅Г (2.3.12.5)

λ xaxunis koeficientia.
1) laminaruli dinebisaTvis λ xaxunis koeficienti damokidebuli ar

aris kedlis xaoianobaze:

λ = 64/Re wriuli kveTisaTvis (2.3.12.6)

rac Seesabameba puazeilis kanons:

∆pxax = 32 wµL/d2 
(2.3.12.7)
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arawriuli kveTisaTvis:

λ = A /Re (2.3.12.8)

A-s mniSvnelobebi moyvanilia cxrilebSi.

2) turbulenturi dineba.

a) hidravlikurad gluvi milebi (mina, tyvia, spilenZi), rodesac

xorklebis simaRle l naklebia laminaruli sasazRvro fenis sisqeze:

λ = 0.316 /Re0.25
(2.3.12.9)

b) hidravlikurad xaoiani milebi (foladi, Tuji). mniSvneloba aqvs

fardobiT xaoianobasac ε = l/dэ:
1/√λ = -2⋅lg [ ε/3,7 + (6,81/Re)0,9] (2.3.12.10)

formula gamoiyeneba Re didi mniSvnelobebisTvisac avtomodelur

areSi, rodesac meore mdgeneli (6,81/Re)0,9 ≈ 0 da xaxunis koeficienti
ganisazRvreba mxolod xaoianobiT. arsebobs agreTve Sesabamisi

nomogramac.

wnevis danakargi xaxunze mrude milSi (klaknilaSi) metia, vidre sworSi:

∆pkl. = ψ⋅∆psw. (2.3.12.11)

ψ = 1 + 3,54⋅d/D (2.3.12.12)

d milis Siga diametria, D - klaknilas daxvevis diametri.

wnevis danakargs adgilobriv winaRobebze adgili aqvs yovelTvis,

rodesac icvleba nakadis siCqaris sidide an mimarTuleba (muxlebi,

diafragmebi, ventilebi, uecari gafarToeba-Seviwroeba da a.S.). igi

iangariSeba, rogorc siCqaruli dawnevis nawili.

∆pad.w. = Σ ς⋅ρw2/2 (2.3.12.13)

ς warmoadgens adgilobrivi winaRobis koeficients. maTi mniSvnelobebi

moyvanilia Sesabamis cxrilebSi. magaliTad:

milSi Sesasvleli (didi moculobidan) - ς = 0,5.
uecari gafarToeba S1 → S2, -  ς = (1-S1/S2).
sarini -  ς = 0,14.
muxli - ς = 1,1÷1,3.
standartuli ventili d = 20 mm - ς = 8.
standartuli ventili d ≥ 40 mm - ς = 4÷6.
swordinebiani ventili - ς = 1.
mudmivi kveTis milsadenisaTvis qselis sruli hidravlikuri

winaaRmdegoba gamoisaxeba:

∆pw = (1 + λL/dэ + Σ ς)⋅ρw2/2 + ρgh + (p2-p1) (2.3.12.14)

saWiro tumbos simZlavre gamoiTvleba formuliT:

Ν = Q⋅∆p/η (2.3.12.13)

sadac Q moculobiTi xarjia m3/wm, η - sruli m.q.k.

milgayvanilobis diametris gaangariSeba moiTxovs teqniko-ekonomikur

midgomas, rac gamowveulia sxvadasxva faqtorebis winaaRmdegobrivi gavleniT.

mag. diametris Semcireba amcirebs milsadenis Rirebulebas, magram

winaaRmdegobis zrdis gamo iwvevs energetikuli danaxarjebis zrdas.

dadgenilia siTxeebisa da airebis siCqareebis rekomendirebuli zRvrebi

sawarmoo milsadenebSi:

mcire siblantis wveTovani siTxeebisaTvis - < 3 m/wm;

blanti siTxeebisaTvis - < 1 m/wm;

wveTovani siTxeebis TviTdinebisas – 0,2÷1 m/wm;
tumboebiT gadatumbvisas - 1÷3 m/wm;
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airebisaTvis mcire Warbi wneviT (ventilatorebiT) gadaadgilebisas -

8÷15 m/wm, wneviT – 15÷20 m/wm;
najeri wylis orTqlisaTvis – 20÷30 m/wm;
gadaxurebuli wylis orTqlisaTvis – 30÷50 m/wm.

magaliTi. gaviangariSoT qselis sruli hidravlikuri winaaRmdegoba:

6 t/sT heqsani 20
oC –ze bakidan atmosferuli wneviT miewodeba reaqtorSi 20

metris simaRleze, reaqtorSi Warbi wnevaa 0,2 at. milgayvaniloba

damzadebulia 52x3 mm foladis milebisagan umniSvnelo koroziiT. milsadenis

saerTo sigrZea 60 m, dayenebulia 2 ventili da 3 muxli.

heqsanis simkvrivea 660 kg/m3 [3.532], siblante – 0,31 sp = 0,31⋅10-3
 pa⋅wm [3.556],

kedlis xorklianoba – 0,2 mm [3.519].
nakadis masuri xarjia:

M = 6⋅1000/3600 = 1,67kg/wm;
moculobiTi xarji:

Q = M/ρ = 1,67/660 = 0,00253 m3/wm;
d = 52-2⋅3 = 46 mm = 0,046 m;
siCqare w = Q/0,785d2 = 0.00253/(0,785⋅0,0462) = 1,52 m/wm;
Re = wdρ/µ = 1,52⋅0,046⋅660/0,31⋅10-3 =148860
d/I = 0,046/0,0002 = 230
nomogramidan [3.22] vpoulobT xaxunis koeficients:

λ = 0,0295
adgilobrivi winaaRmdegobis koeficientebi tolia:

muxlisaTvis ςmux. = 1,2
ventilisaTvis ςvent. = 5
Sesasvleli ςSes. = 0,5
sruli hidravlikuri winaaRmdegoba

∆pw = (1 + λL/d + Σ ς) ρw2/2 + ρgh + (p2-p1)
λL/d = 0,0295⋅60/0,046 = 38,5
Σ ς = 0,5 + 3⋅1,2 + 2⋅5 = 14,1
∆pw=(1+38,5+14,1)⋅660⋅1,522/2+660⋅9,81⋅20+0,2⋅98100 = 40866+129492+19620=189978 pa.

2.3.13. sxeulebis moZraoba siTxeebSi.

aseT procesebs miekuTvnebian: myari nawilakebis daleqva suspenziebisgan

da mtvrisgan simZimisa da centridanuli Zalebis gavleniT, Sereva Txevad

areSi da sxva.

garemos winaaRmdegobis Zala masSi moZravi sxeulisadmi gamoisaxeba

winaRobis kanonis gantolebiT:

R=  ς⋅S⋅ρw2/2;  R/S = ∆p (2.3.13.1)

sferuli nawilakebisaTvis:

a) laminaruli reJimi (stoqsis kanonis moqmedebis are, Re<2)
ς = 24/Re

b) gardamavali reJimi (Re = 2÷500) 
ς = 18,5/Re0,6

(2.3.13.2)

g) avtomodeluri reJimi (niutonis kvadratuli kanonis moqmedebis are)

ς = 0,44 = const (2.3.13.3)

arasferuli nawilakebisaTvis gaiTvaliswineba formis faqtori:

Φ = Fsf/F (2.3.13.4)

 Fsf warmoadgens ganxiluli sxeulis toli moculobis sferos zedapirs

(mag. kubisaTvis Φ = 0,806).
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arasferuli nawilakisaTvis ganmsazRvrel zomas warmoadgens

eqvivalenturi sferos diametri, romelic moiZebneba gantolebidan:

V = m/ρT = πd3/6 (2.3.13.3)

2.3.14. nawilakebis daleqva simZimis Zalis gavleniT.

daleqvis siCqare gamoiTvleba simZimis Zalis, arqimedis Zalis da

winaaRmdegobis Zalis gaTvaliswinebiT:

(ρsx – ρ) πd3g/6 = ς⋅(πd2/4)⋅(ρw2/2) (2.3.14.1)

w2 = 4gd(ρsx – ρ)/(3ςρ) (2.3.14.2)

laminaruli reJimisaTvis:

w2 = gd2(ρsx – ρ)/18µ (2.3.14.3)

mcire nawilakebis daleqvis siCqareze gavlenas axdens molekulebis

Tburi moZraobac. Re ≈10-4 –Tvis gaangariSebuli siCqare iyofa Sesworebis

koeficientze:

k = 1+ A⋅λ/d (2.3.14.4)

λ molekulis saSualo ganarbenia, A=1,4÷20 (haerisaTvis A=1,5).
sferuli nawilakis daleqvis siCqare ganzogadoebuli meTodiT

daleqvis nebismieri reJimisaTvis iangariSeba Semdegnairad (SeiZleba

Sebrunebuli amocanebis amoxsnac):

a) gamoiTvleba arqimedis kriteriumi

Ar = Ga (ρsx – ρ)/ρ = d3(ρsx – ρ)ρg/ µ2
(2.3.14.5)

b) specialuri nomogramidan ganisazRvreba Re an liaSCenkos kriteriumi:

Ly = Re3/Ar = w3ρ /[µ(ρsx – ρ)g] (2.3.14.6)

arasferuli formis nawilakisaTvis gamoiyeneba eqvivalenturi diametri.

angariSisTvis iyeneben agreTve erTian sainterpolacio formulas

(2.316.6).

SezRuduli (jgufuri) daleqvis siCqaris Sefardeba calke nawilakis

daleqvis siCqaresTan damokidebulia suspenziis moculobiT koncentraciaze.

saorientacio angariSebisaTvis daSvebulia:

w’  = 0,5⋅w (2.3.14.7)

uwyveti moqmedebis saleqaris saangariSod gamoiyeneba formula:

F = G0(1-Co/Ck)/ρw (2.3.14.8)

F daleqvis farTobia, G0 - suspenziis sawyisi masuri xarjia, Co,Ck myari fazis

masuri koncentraciebia.

saleqarebis konstruqciebi.
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saleqaris mwarmoebloba gawmendili xsnaris mimarT:

Q = F⋅w (2.3.14.9)

saleqaris mwarmoebloba cxadi saxiT mis simaRleze ar aris damokidebuli,

aramed mxolod daleqvis siCqareze da farTobze, amitom simaRle Cveulebriv

ar aRemateba 1,8÷4,5 m.
vinaidan angariSis dros ar aris gaTvaliswinebuli siTxis moZraobis

araTanabroba zedapirze, uZravi zonebis arseboba da grigalebis warmoqmna,

sainJinro praqtikaSi gaangariSebul farTobs Cveulebriv zrdian 30-35% -iT.

mraval iarusian saleqarSi saerTo farTobs Tanabrad anawileben iarusebs

Soris.

2.3.15. siTxis moZraoba uZrav marcvlovan da forovan fenebSi.

mocemuli Sereuli amocana ganixileba rogorc arxebSi siTxis dinebis

Sinagani amocana.

H simaRlis fenaSi wnevis vardna iangariSeba milSi xaxunze wnevis

danakargis analogiuri formuliT:

∆p = λ⋅(H/dэ)⋅(ρw2/2) (2.3.15.1)

eqvivalenturi  diametri gamoisaxeba fenis maxasiaTeblebiT: forovnebiT

ε (igive Tavisufali moculoba VTav, [m3/m3] da xvedriTi zedapiriT σ [m2/m3]:
dэ = 4S/П = 4ε/σ =2Ф⋅ε⋅d/3(1−ε) (2.3.15.2)

siTxis WeSmariti siCqare fiqtiurTan w0 SedarebiT:

w = w0/ε (2.3.15.3)

marcvlovani fenisaTvis xaxunis koeficienti nebismieri reJimisaTvis

iangariSeba zogadi formuliT:

λ = 133/Re + 2,34 (2.3.15.4)

reinoldsis kriteriumi Rebulobs saxes:

Re = wdэρ/µ = 4w0ρ/σµ (2.3.15.5)

Tu gaviTvaliswinebT  fenis elementaruli marcvlebis formis faqtors Φ:

Re = 2⋅Φ⋅Re0/3(1- ε) (2.3.15.6)

sadac Re0 fiqtiuri siCqariT gamosaxuli reinoldsis kriteriumia.

rgoluri elementebisagan Sedgenili yrili CanawyobisaTvis xaxunis

koeficienti iangariSeba:

Tu Re<40, λ = 140/Re (2.3.15.7)

Tu Re>40, λ = 16/Re0,2 
(2.3.15.8)

2.3.16. mduRare marcvlovani fenebis hidrodinamika.

siTxis SedarebiT mcire siCqarisas marcvlovani fena uZravia. am dros

siTxe ubralod miedineba (ifiltreba) fenaSi. garkveuli kritikuli siCqaris

Semdeg fena amoZravdeba, misi forovneba da simaRle izrdeba, fena xdeba
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moZravi da gadadis “mduRare”

mdgomareobaSi, mkveTrad gamoxatuli

zeda sazRvriT. siCqaris Semdgomi

zrdiT forovneba izrdeba, rodesac

siCqare aRwevs axal kritikul zRvars,

nawilakebi waritacebian nakadiT. am

movlenas ewodeba pnevmotransporti.

siCqares, romelzec irRveva fenis

uZraoba, ewodeba fsevdogaTxevadebis siCqare wfg. am siCqaremde fenis

simaRle ucvlelia, xolo winaRoba izrdeba. fsevdogaTxevadeba iwyeba

hidravlikuri winaaRmdegobis Zalis gatolebisas fenis yvela nawilakis

wonasTan, Tumca uSualod am movlenis dawyebis win winaaRmdegoba ramdenadme

metia, rac aixsneba nawilakebs Soris uZraobis xaxunis SeWidulobiT, rasac

adgili ara aqvs siCqaris Semcirebisas, ris Sedegadac SeimCneva histerezisi.

siCqaris Semdgomi zrdisas garkveuli sidididan adgili aqvs Tavisufal

watacebas, rodesac forovneba imdenad didia ε ≈1 , rom calkeuli

nawilakebis moZraoba aRar aris damokidebuli sxva nawilakebTan

urTierTqmedebaze.

sidides Kw = w0/wfg ewodeba fsevdogaTxevadebis ricxvi.

zogadad erTgvarovani fsevdogaTxevadeba praqtikulad SesaZlebelia

mxolod wveTovani siTxeebis nakadSi. ufro xSirad ki warmoebaSi gamoiyeneba

mduRare fena “myari-airi” sistemaSi. aseT sistemebSi SeimCneva buStebis

warmoqmna. rodesac buStis zoma aRwevs diametrs, fena gadadis dguSur

reJimSi. zogierT SemTxvevaSi adgili aqvs arxwarmoqmnas, romlis zRvrul

SemTxvevaSi xdeba fontanireba.

wfg –s gamosaTvlelad gamoviyenoT marcvlovani fenis hidravlikuri

winaaRmdegobis formula:

∆p = (3/2)⋅(133/Re + 2,34)⋅[(1- ε )/(Φε2)]⋅(H/d)⋅(ρw0
2/2) =

= 150⋅(1- ε )2µHw0/(Φ2ε3d2) + 1,75⋅[(1- ε )H/(Φε3)]⋅(ρw0
2/2) (2.3.16.1)

rac utoldeba myari nawilakebis fenis wonis fardobas farTobze:

GT/S = (ρT - ρ)gSH(1- ε )/S = g(ρT - ρ)(1- ε )H (2.3.16.2)

orive mxaris d3ρ/µ2
 -ze gamravlebiT gveqneba:

150⋅(1- ε )wfgdρ/(Φ2ε3µ)+1,75⋅wfgd2ρ2/(Φε3µ2)]=d3ρg(ρT - ρ)/µ2 (2.3.16.3)

anu 150⋅[(1- ε )/(Φ2ε3)]⋅Re0+ [1,75/(Φε3µ2)]⋅Re0
2 = Ar (2.3.16.4)

sferosTan miaxloebuli formis nawilakebisaTvis formis faqtori Φ ≈1,
ε ≈ 0,4, wina kvadratuli gantolebis miaxloebiTi amonaxsni Caiwereba:

Re0fg = Ar/(1400+ 5,22⋅√Ar) (2.3.16.5)

Tavisufali daleqvis pirobidan (2.314.1) nawilakis dakidebis siCqaris

(watacebis an daleqvis) gansazRvra SeiZleba erTiani sainterpolacio

formuliT:

Re0Tav = Ar/(18+ 0,575⋅√Ar) (2.3.16.6)

mduRare Sris forovneba iangariSeba formuliT:

ε = [(18⋅Re + 0,36⋅Re2)/Ar]0,21
(2.3.16.7)

2.3.17. orfaza nakadebis hidrodinamikis elementebi.

mravali qimiur-teqnologiuri procesi mimdinareobs orfaza nakadebSi.

Cveulebriv erTi faza dispersiulia, meore ki uwyveti (dispersiuli garemo).

pirveli masSi ganawilebulia nawilakebis, wveTebis, buStukebis, afskis saxiT.

fazebis urTierTmimarTuleba SeiZleba iyos pirdapiri (mag.

pnevmotransporti, orTqlis buStukebi amaorTqlebel milebSi) an winaRi (mag.

masacvla daRmaval siTxesa da aRmaval airs Soris).



22

orfaza nakadebSi aparatis kedlebTan gamyofi zedapiris garda gvaqvs

fazaTa gamyofi zedapiri.

orfaza sistemebis hidrodinamikis Seswavlis umTavres sirTules

warmoadgens fazaTa nakadebis dinebaTa urTierTgavlena.

damatebiT Semoyvanilia veberis kriteriumi:

We = ρw2l/σ (2.3.17.1)

sadac σ fazaTa Soris zedapiruli daWimulobaa.

barbotaJis dros airadi faza gamanawilebeli mowyobilobis

naxvretebis gavliT dispergirdeba siTxeSi. warmoqmnil dispersias ewodeba

qafi. qafis airSeculobas ε uwodeben airadi fazis moculobis wils mTeli

moculobidan. xvedriTi zedapiri a (m2/m3) warmoadgens airisa da siTxis

fazuri kontaqtis farTs qafis moculobis erTeulSi. buStis saSualo

diametri:

dsaS = 6ε/a (2.3.17.2)

calkeuli Tavisufali buStukebis Tavisufali moZraobis pirobisTvis

buStukis diametri mowyvetis momentSi gamoiTvleba:

d = 3√[6d0σ / g(ρsiTx-ρair)] (2.3.17.3)

mowyvetis sixSire tolia 6Q/πd3
.

mcire zomis buStukebis amotivtivebis siCqare iangariSeba nawilakis

daleqvis analogiurad (ix. 2.3.14.2), marjvena mxaris niSnis SecvliT.

buStukis moZraobis reJimi ganisazRvreba ReB kriteriumiT:

ReB = wBdρsiTx/µsiTx (2.3.17.4)

masiuri barbotaJis dros sawarmoo aparatebSi buStukebi erTmaneTs zRudaven,

xandaxan erwymian erTmaneTs (koalescencia).

siTxeebis afskuri moZraoba mraval procesSi gvxvdeba (absorbcia,

reqtifikacia, aorTqleba). aseTi procesebis siCqare damokidebulia afskis

dinebis reJimze da mis sisqeze.

Reafs = wdэρsiTx/µsiTx = w4δρsiTx/µsiTx = 4Γ/µsiTx (2.3.17.5)

siTxis afskis eqvivalenturi diametri dэ = 4S/Π = 4δ, sadac δ afskis sisqea.
Γ warmoadgens morwyvis xazovan masur simkvrives:

Γ  = wΠδρsiTx /Π (2.3.17.6)

eqsperimentalurad dadgenilia afskebis moZraobis sami ZiriTadi reJimi:

. laminaruli aratalRovani gamyofi zedapiriT. Reafs < 12,
laminaruli talRovani gamyofi zedapiriT, 12 < Reafs < 1600,
turbulenturi, Reafs >1600.   
afskis Camodinebisas vertikalur zedapirze airis winaRi denisas airis

mcire siCqarisas misi sisqe ar aris damokidebuli airis siCqareze. siCqaris

zrdisas izrdeba xaxuni afskis zedapirze, am dros siTxe muxruWdeba, sisqe

izrdeba, matulobs hidravlikuri winaaRmdegoba airis mimarT. daaxloebiT

5÷10 m/wm siCqarisas myardeba wonasworoba simZimisa da xaxunis Zalebs Soris,

rasac mohyveba aparatis daxrCoba. es reJimi Seesabameba siCqaris zeda zRvars

nebismieri tipis winaRdeniT aparatSi. airis siCqaris Semdgomi zrdisas afski

micocavs zeviT da myardeba aRmavali pirdapiri dineba. 15÷40 m/wm siCqarisas
iwyeba Sxefwataceba.

daRmavali pirdapiri dinebis dros airi waritacebs siTxis afsks da

amcirebs mis sisqes. am dros hidravlikuri winaRoba naklebia, vidre aRmavali

dinebisas. 15÷30 m/wm zeviT xdeba Sxefwataceba.

aRwerili movlenebi mniSvnelovan gavlenas axdenen masagadacemis

procesebis siCqareze. Cveulebriv, masacvlis aparatebis muSaobis optimaluri

reJimebis dadgena xorcieldeba hidrodinamikuri reJimebis Sesabamisad.



23

2.3.18. daleqva centridanuli Zalis gavleniT. ciklonebi.

rig aparatebSi daleqvis procesebis intensifikaciisTvis farTod xdeba

centridanuli Zalis gamoyeneba.

airis mtvrisgan gawmendis efeqturi procesebi

xorcieldebian ciklonebSi. cikloni warmoadgens qveda

nawilSi konusurad Seviwroebul cilindrul aparats,

romlis zeda nawilSi tangencialurad (mxebad) miewodeba

mtvriani airi. airis nakadi grigalis saxiT spiralurad

moZraobs zevidan qveviT, aparatis Ziris miRwevisas nakadi

mkveTrad icvlis mimarTulebas da centraluri milis

saSualebiT gadis ciklonis zeda nawilidan. centridanuli

Zalis gavleniT mtveri ileqeba aparatis kedlebze da

grovdeba ZirSi. ciklonebs xSirad aerTianeben batareebad.

ciklonis cilindruli nawilis diametri iangariSeba

airis pirobiTi siCqaris mixedviT:

D = √(V/0,785w) (2.3.18.1)

w miiReba 2,5÷4 m/wm.
analogiur aparats siTxeebidan daleqvisaTvis

warmoadgens hidrocikloni.

2.19. centrifugireba.

centridanuli Zalis fardoba simZimis ZalasTan gamoisaxeba gayofis

faqtoriT (modificirebuli frudis kriteriumi):

Kgay = Fr = w2/rg = rn2/900 (2.3.19.1)

sadac n brunTa ricxvia wuTSi (wT-1).

gayofis faqtori warmoadgens umniSvnelovanes parametrs, romelic

gviCvenebs procesis intensivobis Teoriul zrdas gravitaciul ZalasTan

SedarebiT.

damleqavi centrifugis gayofis

unarianoba xasiaTdeba mwarmoeblobis

indeqsiT:

Σ = F⋅Kgay (2.3.19.2)

sadac  F rotoris daleqvis

cilindruli zedapiris farTia.

Tu gayofis faqtors gamovTvliT

saSualo diametris (D-h) mixedviT:

Kgay = (D-h)n2/1800,   F = π(D-h)L (2.3.19.3)L

aqedan:

Σ = F⋅Kgay = πL(D-h)2n2/1800  (2.3.19.4)

Tu davuSvebT, rom siTxe miedineba mxolod rgoluri sivrcis Txel

zedapirul fenaSi:

Kgay =r0n2/900,  F = 2πr0L (2.3.19.5)L

aqedan:

Σ = F⋅Kgay = 2πLr0
2n2/900  (2.3.19.6)

aralaminaruli reJimebisTvis mwarmoeblobis indeqsis realuri

mniSvneloba naklebia Teoriulze da mas angariSoben:

gardamavali reJimisTvis - Σ = F⋅Kgay
0,75 (2.3.19.7)

turbulenturi reJimisTvis - Σ = F⋅Kgay
0,5 (2.3.19.8)

gayofis faqtoris mniSvnelobis mixedviT centrifugebs yofen normalur

(Kgay < 3500) da zecentrifugebad (Kgay > 3500).
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2.3.20. gafiltvra.

gafiltvras uwodeben suspenziebis gayofis process forovani tixris

gamoyenebiT, romelic iWers myar fazas da atarebs Txevads. tixris or

sxvadasxva mxares Soris wnevaTa sxvaoba SeiZleba Seiqmnas sxvadasxva gziT:

vakuumis gamoyenebiT (∆P = 0,5÷0,9 at)
SekumSuli haeris gamoyenebiT (∆P < 0,5÷0,9 at)
miwodeba tumbos gamoyenebiT (∆P ≈ 5at)
suspenziis svetis hidrostatikuri wneviT (∆P < 0,5at)

gafiltvris sasurveli pirobaa naleqis warmoqmna,

romelic ar Wedavs forebs, aramed warmoiqmneba TaRebi,

romlebic akaveben sxva nawilakebs. amisaTvis sasurvelia

Zlier ganzavebuli suspenziebis winaswari Sesqeleba 1% -ze

met moculobiT koncentraciamde. zogjer umateben damxmare

nivTierebebsac (azbesti, diatomoti, perliti). naleqi SeiZleba iyos kumSvadi

da arakumSvadi, imisda mixedviT, icvleba Tu ara forovneba.

sawarmoo filtraciis procesi gulisxmobs agreTve garecxvis,

ganbervisa da Srobis operaciebsac.

filtraciis gantolebebi.

filtraciis siCqare:

W = dV/(S⋅dτ) = ∆p/µ(Rnal.+Rtix.) (2.3.20.1)

sadac Rnal., Rtix. – naleqis fenisa da tixris winaaRmdegobebia;

Rtix. = const.
Rnal. = roh = r0x0V/S
ro - naleqis fenis xvedriTi moculobiTi winaRobaa (m-2), x0 - naleqisa da

filtratis moculobaTa fardobaa, V - filtratis moculobaa. xvedriTi

winaRoba ricxobrivad tolia wnevaTa sxvaobisa, raTa 1 pa.wm siblantis siTxe

1 m. naleqis fenaSi ifiltrebodes 1 m/wm siCqariT (tixris winaaRmdegobis

gauTvaliswineblad).

filtraciis gantoleba mudmivi wnevaTa sxvaobisas miiReba (2.3.20.1)

gantolebis integrirebiT da orive mxaris µr0x0/2S –ze gayofiT:

0∫ V µ( r0x0V/S + Rtix.)dV = 0∫τ∆p.S.dτ (2.3.20.2)

V2 + (2Rtix.S/r0x0)V = (2∆p.S2/µr0x0)τ (2.3.20.3)

gantoleba gamosaxavs filtraciis procesis xangrZlivobis damokidebulebas

filtratis moculobisgan.

filtraciis gantoleba procesis mudmivi siCqarisas gamosaxavs wnevaTa

sxvaobis aucilebeli cvlilebis kanons droSi:

∆p = µr0x0W2τ + µRtix.W (2.3.20.4)

filtrebis maqsimaluri mwarmoebloba uwyveti qmedebis aparatebisaTvis

miiRweva naleqis rac SeiZleba swrafi mocilebiT tixridan.

perioduli moqmedebis filtrebisaTvis naleqis mocileba gulisxmobs

procesis Sewyvetas. procesis ZiriTadi drois garda aucilebelia damxmare

periodi. ZiriTadi drois ganmavlobaSi mimdinareobs filtracia, Carecxva,

ganberva (procesebi, romelTa xangrZlivoba damokidebulia filtratis

moculobaze), damatebiTi drois periodSi xdeba suspenziis momzadeba,

CatvirTva, naleqis mocileba (am procesebis xangrZlivoba praqtikulad ar

aris damokidebuli filtratis moculobaze an naleqis fenis sisqeze).

filtris mwarmoebloba gamoisaxeba filtraciis pirobiTi saSualo siCqariT:

W = q/(τZir.+ τdam.) (2.3.20.5)
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q - filtratis moculobaa farTobis erTeulidan filtraciis periodSi.

mudmivi wnevis pirobebSi filtraciis pirobebisTvis q ∼√(τZir.), aqedan miiReba
maqsimaluri mwarmoeblobis piroba:

τZir. = τdam. (2.3.20.6)

es piroba ar emTxveva filtraciis ciklis ekonomikurad optimalur pirobas,

vinaidan damxmare operaciebi moiTxoven Sromisa da energiis mniSvnelovan

danaxarjebs.

Cveulebriv miiReba: τZir. = (4÷6)τdam. (2.3.20.7)

filtrebis konstruqciebi.

nutC-filtrebi warmoadgenen filtrebis umniSvnelovanes konstruqcias.

filtr-wnexebi vertikaluri CarCoebiT

Sedgebian toli zomis filebisa da

CarCoebisagan, romlebiC monacvleobiT

arian ganlagebuli, maT zedapirebs

Soris moTavsebulia qsovilis

mfiltravi tixrebi.

doluri filtrebi. doluri

vakuumfiltri filtraciis gare

zedapiriT warmoadgens uwyveti

qmedebis aparats. igi Sedgeba

horizontaluri cilindruli

perforirebuli dolisagan, romelic garedan dafarulia mfiltravi

qsoviliT. doli brunavs RerZis garSemo da farTobis 0.3 – 0.4 CaZirulia

suspenziaSi. dolis Sida moculoba dayofilia seqtorul ujredebad,

romlebic gamanawilebeli mowyobilobis saSualebiT Tanmimdevrulad

uerTdebian vakuumis an SekumSuli haeris wyaroebs. ujredebi Tanmimdevrulad

gaivlian filtraciis, pirveladi SeSrobis, garecxvis, meore SeSrobis,

naleqis mocilebisa da qsovilis regeneraciis zonebs.

diskuri filtrebi Sedgebian ramdenime vertikaluri diskebisgan, romlebic

Camocmulni arian Rru horizontalur mbrunav lilvze. TiToeuli diskis

orive mxris zedapiri dafarulia mfiltravi qsoviliT, diskebi TiTqmis

sanaxevrod CaZirulni arian suspenziis rezervuarSi. filtrati qsovilis da

diskis Sida Rarebis gavliT miewodeba lilvis Sida ares. lilvis erT-erT

boloze moTavsebelia gamanawilebeli mowyobiloba, doluri filtris

analogiuri funqciebis Sesasruleblad.

cnobilia agreTve filtrebis uamravi sxva konstruqciebi: karuseluri,

lenturi, vibraciuli da sxva, agreTve farTod gamoiyeneba mfiltravi

centrifugebi.

2.3.21. eleqtrofiltrebi.

eleqtrofiltrebi efeqturad gamoiyeneba mtvriani airebis gasawmendad.

misi moqmedebis principi emyareba damuxtuli nawilakebis daleqvas eleqtrul

velSi.

 konstruqciulad igi SeiZleba iyos

milovani an firfitovani. didi zedapiris

eleqtrodi warmoadgens anods (dadebiTi

eleqtrodi), xolo uaryofiTi eleqtrodi -

kaTodi warmoadgens wvril daWimul

gamtarebs. eleqtrodebs Soris modebulia

mudmivi maRali Zabva (∼100 000 volti).

kaTodis mcire zedapiris farTobis gamo mis

garSemo iqmneba maRali daZabulobis
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eleqtruli veli, rac iwvevs gvirgvirovan ganmuxtvas (Sesabamisad, kaTodi

warmoadgens gvirgvirovan eleqtrods). kaTodTan warmoqmnili uaryofiTi

ionebi da eleqtronebi miemarTebian anodisken. gzaSi isini damuxtaven mtvris

nawilakebs, romlebic agreTve gadadgildebian anodisken da ileqebian masze

(anods uwodeben damleqav eleqtrods). eleqtrofiltrebi SeiZleba iyvnen

mSrali an sveli. mSral eleqtrofiltrebSi naleqis mocileba xdeba

eleqtrodebis perioduli CamoferTxviT, svel eleqtrofiltrebSi ki

CamorecxviT. eleqtrofiltrebs aerTianeben batareebad. gawmendis xarisxi

eleqtrofiltrebSi aRwevs 99-99,9%.

2.3.22. siTxeebis gadaadgileba. tumboebi.

tumboebi – hidravlikuri manqanebia, romlebic Zravis meqanikur energias

gardaqmnian gadaadgilebuli siTxis energiad misi wnevis gazrdis gziT.

dinamiur tumboebSi siTxe gadaadgildeba Zalis moqmedebiT siTxis

Cauketav moculobaze, romelic uwyvet kavSirSia Sesasvlel-gamosasvlelTan.

aseTebia frTebiani – centridanuli da RerZuli tumboebi, agreTve xaxunis –

grigaluri da Wavluri tumboebi.

moculobiT tumboebSi  siTxe gamoidevneba siTxis Caketili moculobis

perioduli cvlilebis gziT, romelic periodulad ixsneba Sesasvlel-

gamosasvlelis mxares. aseTebia dguSiani, plunJeruli, diafragmuli,

kbilanebiani, firfitebiani, xraxnuli tumboebi.

tumboebis ZiriTadi parametrebia:

mwarmoebloba Q (m3/wm)

dawneva H (m) axasiaTebs xvedriT energias, romelsac tumbo aniWebs

gadasatumbi siTxis wonis erTeuls.

sasargeblo simZlavre ixarjeba tumbos mier siTxis mTeli nakadisaTvis

energiis gadasacemad:

 Nп = Q⋅∆P = M⋅H = ρgQH  (2.3.22.1)

simZlavre RerZze iTvaliswinebs tumbos m.q.k.-s:

Nl = Nп/ηt   (2.3.22.2)

ηt = ηv⋅ηH⋅ηm (2.3.22.3)

ηv=Q/QTeor. miwodebis koeficienti, anu moculobiTi m.q.k, ηH

iTvaliswinebs dawnevis danakargs tumbos SigniT, ηm- meqanikur (xaxunis)

danakargs. tumbos m.q.k. damokidebulia tumbos konstuqciasa da cveTaze.

centridanuli tumboebisTvis ηt = 0,6÷0,7; 
dguSiani tumboebisTvis ηt = 0,8÷0,9; 
srulyofili centridanuli tumboebisTvis ηt = 0,93÷0,95; 
Zravas mier moxmarebuli nominaluri simZlavre iTvaliswinebs energiis

danakargebs ZravaSi da gadacemaze Zravidan tumbosken:

NZr. = Nп/(ηt⋅ηZr.⋅ηgad.) = Nп/η (2.3.22.4)

η - warmoadgens srul m.q.k.-s.

Zravas dadgmuli simZlavre iTvaliswinebs gadatvirTvas tumbos

gaSvebisas.

Ndadg. = βNZr. (2.3.22.5)

simZlavris mixedviT β = 1,1÷2:
NZr., kvt <1 1÷5 5÷50 >50
β 2÷1,5 1,5÷1,2 1,2÷1,15 1,1
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tumboebis tipebi.

centridanul tumboebSi siTxis Sewova

da dawneva xdeba uwyvetad

centridanuli Zalis gavleniT,

romelic warmoiqmneba spiralur

korpusSi - 3 moTavsebuli frTebiani

muSa borblis - 4 trialis Sedegad.

erTsafexuriani tumbos dawneva ar

aRemateba 50 m. ufro maRali dawnevis

misaRwevad iyeneben mravalsafexurian

tumboebs ramdenime borbliT saerTo

RerZze da saerTo korpusiT.

centridanuli tumbos dawneva da

mwarmoebloba brunvis mocemul

sixSireze erTmaneTzea damokidebuli.

am damokidebulebas ewodeba tumbos

maxasiaTebeli. Tu amave grafikze

davitanT qselis maxasiaTebelsac, am

mrudebis gadakveTa gvaZlevs e.w.

samuSao wertils.

centridanuli tumbos m.q.k. icvleba dawnevisa da

mwarmoeblobis cvlilebisas.

brunTa ricxvis SedarebiT mcire cvlilebisas

mwarmoeblobis, dawnevisa da simZlavris cvlileba

emorCileba Semdeg proporciulobis kanonebs:

Q1/Q2 = n1/n2; H1/H2 = (n1/n2)2;  N1/N2 = (n1/n2)3
  (2.3.22.5)

dguSiani tumboebi:

a) martivi qmedebis dguSiani tumbo. b) ormagi qmedebis plunJeruli tumbo.

g) sammagi qmedebis (tripleqs) tumbo. Sesabamisi miwodebis diagramebi
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diafragmuli tumboebi.

kbilanebiani tumbos korpusSi 1 moTavsebulia ori

kbilana 2, erT-erTi wamyvania. rodesac kbilanebi

erTmaneTs scildebian, warmoiqmneba gaiSviaTeba da

xdeba Sewova. siTxe gadaadgildeba kedlebis gaswvriv

brunvis mimarTulebiT. kbilebis SeWidvisas xdeba

siTxis gamodevna.

xraxnul tumboebSi muSa organoebs warmoadgenen wamyvani xraxni da ramdenime

mimyoli xraxni.

propeleruli (RerZuli) tumbo:

firfitovani rotaciuli tumbo:

Wavlur tumboSi saqSenSi muSa siTxis nakadis

siCqaris cvlilebis xarjze bernulis kanonis

Tanaxmad ecema hidrostatikuri wneva da xdeba

gadasaadgilebeli siTxis Sewova da gadaadgileba

difuzorSi muSa siTxesTan erTad.
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siTxeebis gadaadgilebis sxva xerxebi:

erlifti. monteJiu.

magaliTi: gamovTvaloT 2.3.12 TavSi ganxiluli amocanis Sesasruleblad

saWiro tumbos simZlavre, Tu: ηt=0,8 ;  ηZr.=0,95 ;  ηgad.=0,95
Q = 0,00253 m3/wm
∆p = 189978 pa
η = ηt⋅ηZr.⋅ηgad.=0,8⋅0,95⋅0,95 = 0,72
NZr. = Nп/(ηt⋅ηZr.⋅ηgad..) = Nп/η = Q⋅∆p/η = 0,00253⋅189978 / 0,72 = 668 vt.
NZr. < 1 kvt, anu miviRoT β = 1,8
Ndadg. = βNZr. = 1,8⋅668 = 1200 vt.

2.3.23. airebis SekumSva da gadaadgileba. kompresoruli manqanebi.

kompresoruli manqanebis klasifikacia SekumSvis xarisxis p2/p1 mixedviT:

ventilatorebi (p2/p1 < 1,1) didi raodenobis airebis gadasaadgileblad.

airmberebi (1,1< p2/p1 <3,0)  airebis gadasaadgileblad qselis didi

winaRobisas.

kompresorebi (p2/p1>3,0) maRali wnevebis Sesaqmnelad.

vakuum tumboebi atmosferoze naklebi wnevis airebis gasawovad.

moqmedebis mixedviT kompresoruli manqanebi iyofian: dguSiani,

rotaciuli, centridanuli, RerZuli. agreTve gamoiyenebian Wavluri

kompresorebi da vakuum tumboebi. didi warmadobis ventilatorebs da

airmberebs, romlebic qmnian gaiSviaTebas, uwodeben eqshausterebs, Rrma

vakuumis Sesaqmnelad ki iyeneben dguSur da rotaciul vakuum tumboebs.

airebis SekumSvis procesebi.

T-S (temperatura-entropia) diagrama:
airis saboloo wneva damokidebulia garemosTan

Tbocvlis pirobebze. Teoriulad SesaZlebelia ori

zRvruli SemTxveva:

a) mTeli gamoyofili siTbo gadaecema garemos

(macivars) da airis temperatura mudmivia (izoTermuli

procesi).

b) Tbocvla garemosTan ar xdeba da gamoyofili siTbo ixarjeba airebis

Sinagani energiis zrdaze (adiabaturi anu izoentropuli procesi, vinaidan

ds = dQ/T, rodesac dQ=0, agreTve ds = 0).
realuri procesi aris politropuli.

Teoriuli simZlavre sxvadasxva procesebisTvis (SekumSvis mxaris

monacemebis mixedviT – V = V1, ρ = ρ1 = 1/v1):

NTiz. = p1⋅V1⋅ln(p2/p1) (2.3.23.1)

NTad. = p1⋅V1⋅[(p2/p1)(k-1)/k – 1]⋅k/(k-1) (2.3.23.2)

NTpol. = p1⋅V1⋅ [(p2/p1)(m-1)/m – 1]⋅m/(m-1) (2.3.23.3)
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k = cp/cv, m – politropis maxasiaTebelia (m > k).
kompresorebis efeqturobas afaseben Termodinamikuri m.q.k. mixedviT,

mocemuli klasis kompresoris maqsimalur Teoriul simZlavresTan SedarebiT:

ηiz. = NTiz. /N ≈ 0,64÷0,78;   ηad. = NTad. /N ≈ 0,95÷0,97 (2.3.23.4)

simZlavre RerZze, Zravisa da dadgmuli simZlavre iangariSeba tumboebis

analogiurad:

Nl = N/ηmeq. (2.3.23.5)

NZr.= Nl/(ηgad.⋅ηZr.)  (2.3.23.6)

Ndadg.= (1,1÷1,15)NZr.  (2.3.23.7)

kompresorebis konstruqciebi zogadad waagavs tumboebisas.

dguSiani kompresorebi SeiZleba iyos  erTsafexuriani da

mravalsafexuriani, yovel momdevno safexuris cilindrisa da dguSis zomebi

mcirdeba.

rotaciuli kompresorebi:

ventilatorebi:

ventilatoris simZlavre RerZze iangariSeba:

Nl = VHρg/ηven. = V⋅∆p/ηven. (2.3.23.8)
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turboairmberebis korpusSi brunavs

muSa borbali, romelic Cveulebriv

moTavsebulia mimmarTvel aparatSi,

romelic airis kinetikur energias

gardaqmnis SekumSvis potenciur

energiaSi. mravalsafexurian

turboairmberebs ramdenime borbali

aqvT, momdevno borbals winaze

naklebi sigane aqvs. SekumSvis xarisxi

miiRweva 3÷3.5. ufro maRali SekumSvis

xarisxis misaRwevad iyeneben

turbokompresorebs, romlebSic ufro

maRal SekumSvis safexurebze mcirdeba

borblebis diametric da siganec. aucilebelia airis gaciveba an specialuri

arxebiT korpusSi, an gamotanili TbomcvlelebiT.

arseboben agreTve RerZuli ventilatorebi da kompresorebi.

vakuum tumboebis Taviseburebas warmoadgens SekumSvis maRali xarisxi

(p1<<p2), agreTve miwodebis dabali koeficienti. mkvdari moculobis gavlenis

Sesamcireblad specialuri sarqvelis saSualebiT uSualod SekumSvis fazis

Semdeg xdeba muSa moculobis gaxsna dabali wnevis areSi.

2.3.24 Sereva Txevad areebSi

Sereva farTod gamoiyeneba qimiur mrewvelobaSi emulsiebis,

suspenziebis da xsnarebis mosamzadeblad, agreTve qimiuri, Tburi da

difuziuri procesebis intensifikaciisaTvis. Serevis mizans gansazRvravs

procesis daniSnuleba: emulsiebis dasamzadeblad dispersiuli fazis

dawvrilmanebisaTvis aucilebelia mniSvnelovani mWreli zemoqmedeba (siCqaris

gradienti), homogenizaciisTvis, suspenziebis mosamzadeblad da siTbo-

masagadacemis dros Serevis mizans warmoadgens koncentraciuli da

temperaturuli gradientis Semcireba aparatis moculobaSi.

Serevis xerxebia: meqanikuri, pnevmaturi, agreTve Sereva milsadenebSi

(saqSenebisa da tumboebis gamoyenebiT).

Serevis efeqturoba axasiaTebs Serevis procesis Catarebis xarisxs da

sxvadasxvanairad gamoisaxeba procesis miznisda mixedviT. Serevis

intensiuroba ganisazRvreba mocemuli teqnologiuri miznis miRwevis droiT

an sarevelas brunTa ricxviT mocemuli Serevis droisaTvis. energiis xarjis

Sefasebisas sasurvelia, raTa saWiro efeqti miRweuli iqnas mcire droSi.

Serevis procesisaTvis gamoiyeneba hidrodinamikuri msgavsebis

modificirebuli (centridanuli) kriteriumebi.

reinoldsis centridanuli kriteriumi miiReba Sesabamis formulaSi

wriuli siCqaris w proporciuli sididis d⋅n CasmiT:

Re = w⋅d⋅ρ/µ
Rec = n⋅d2⋅ρ/µ (2.3.24.1)

sadac d sarevelas diametria, n brunTa ricxvi (sixSire).

analogiurad miiReba modificirebuli frudis kriteriumi:

Fr = w2 /(d⋅g)
Frc = n 2d /g (2.3.24.2)

eileris modificirebul kriteriumSi garda amisa, wnevaTa sxvaoba ∆P
sarevelas frTebis wina da ukana mxareebs Soris gamoisaxeba sasargeblo

simZlavriT , romelic proporciulia modebuli Zalisa da wriuli siCqaris.

Eu = ∆P / (ρ.w2)
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Euc= Ν / (ρ⋅n3⋅d5) = KN (2.3.24.3)

modificirebul eileris kriteriums uwodeben simZlavris kriteriums KN.

homoqronobis kriteriumi:

Ho = w⋅τ/d
Hoc = n⋅τ (2.3.24.4)

geometriuli msgavsebis simpleqsebi:

Гd = D/d; Гb = b/d; ГH0 = H0/d (2.3.24.5)

sadac D aparatis (WurWlis) Sida diametria, b – sarevelas sigane, H0 –siTxis

fenis simaRle.

Serevis procesebisaTvis ganzogadoebuli kriterialuri gantoleba

Caiwereba:

KN = f(Rec ,Frc, Гd, Гb, ГH0 …) (2.3.24.6)

geometriulad msgavsi sareveliani aparatebisaTvis kriterialuri

gantoleba Caiwereba:

KN = c/Rec
m

(2.3.24.7)

c, m mudmivebi ganisazRvreba sarevelas konstruqciisa da Serevis reJimis

mixedviT.

tipi H0/d D/d b/d c  m SeniSvna

orfrTiani 2 2 0,36 111 1,0 Re<20
“________” 2 2 0,36 14,35 0,31 Re>100
“________” 3 3 0,33 6,8 0,2
oTxfrTiani 3 3 0,33 8,52 0,2
Ruza ori frTiT 1,11 1,11 0,11 6,2 0,25
propel. ori frTiT 3 3 0,33 0,985 0,15
turbin.6 frTiT, mimmarT. 1,78 2,4 0,25 5,98 0,15
propeler. 3 frTiT 3,5 3,8 1 230 1,67 Re<30
“________” 3,5 3,8 1 4,63 0,35 Re<3⋅103

“________” 3,5 3,8 1 1,19 0,15 Re>3⋅103

sarevelaTa konstruqciebi:

aparatSi klaknilas arseboba moiTxovs simZlavris zrdas 2-3-jer, milis

(hilzis) arseboba – 1,1÷1,2 –jer.
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eleqtruli Zravis SerCevisas gaiTvaliswineba gadacemis m.q.k. gamSvebi

momenti muSas aRemateba ara umetes 2-jer da moqmedebs mcire xnis

ganmavlobaSi. gadatvirTvis koeficienti SeirCeva tumbos Zravis analogiurad.

sarevelas brunTa ricxvis gansazRvra xdeba procesis daniSnulebis,

sarevelas tipis da konstruqciis gaTvaliswinebiT.

a) suspenziebis momzadebisas myari fazis Tanabari ganawileba siTxeSi

miiRweva iseTi brunTa ricxvisas n0, rodesac siTxis nakadis RerZuli

mdgeneli tolia an metia nawilakebis daleqvis siCqareze. n0 gansazRvra

SeiZleba formuliT:

Rec = nd2ρ/µ = c1⋅Ar⋅(dnaw/d)0,5(D/d)k
(2.3.24.8)

koeficientebi c1, k moiZebneba cxrilebidan, magaliTad:

sarevelas tipi D/d c1 k
turbinuli daxuruli sarevela 1,5÷4,0 4,7 1
propeleri 1,5÷5,0 6,6 1
frTebiani 1,33÷1,5 14,8 0

b) siTxeebis emulgirebisas rekomendirebulia gantoleba:

Rec= c2⋅ Ar0,315 (Rec/ Wec)0,185(D/d)l
(2.3.24.9)

sadac: Wec= n2d3ρ/σ ∼ w2lρ/σ (2.3.24.10)

veberis modificirebuli kriteriumia, σ −fazaTa Soris daWimulobaa.

turbinuli sarevelasTvis: c2=2,3, l=0,67
propelerisaTvis : c2=2,95, l=0,67
frTebiani sarevelasTvis: c2=1,47, l=1,3

g) siTxeebis homogenizaciisas temperaturuli da koncentraciuli

gradientebis Sesamcireblad brunTa ricxvi ganisazRvreba damokidebulebidan:

n0⋅τ = cτ = const (2.3.24.11)

τ -Serevis droa.
sarevelas tipi D/d cτ
turbinuli 3 46
“ ______” 4 81,5
furclovani 2 20,5
“ ______” 1,5 20,7
propeleruli 3 96,5
“ ______” 4 170
Ruzismagvari 1,15 30
frTebiani 3 96,5

2.3.25 nakadebis struqtura da siTxis nawilakebis dayovnebis drois

ganawileba aparatSi.

mraval qimiur-teqnologiur procesze did gavlenas axdens nakadebis

struqtura aparatebSi. nakadis nawilakebis aparatSi Sesvlisas Tanabari

ganawilebis drosac ki maTi moZraoba aparatSi sakmaod rTulia, nakadis

siCqare araTanabaria aparatis kveTSi, siCqareTa profili agreTve icvleba

aparatis sigrZezec, nakadis nawilakebi aRweren gansxvavebul traeqtoriebs –

zogi nawilaki swrafad “gairbens” aparatSi (arxwarmoqmna da baipasireba),

sxva nawilakebi ki yovndebian aparatSi, zogjer warmoiqmneba uZraobis

zonebic.

laminaruli moZraobis dros nawilakebis dayovnebis droTa gansxvavebas

ganapirobebs siCqareTa profili aparatis kveTSi. turbulentur reJimSi xdeba

saSualo siCqareTa gaTanabreba, magram nawilakebis dayovnebis araTanabrobaze

gavlenas axdens turbulenturi pulsaciebi, anu turbulenturi difuzia,
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rogorc RerZis gaswvriv, aseve radialuri (es ukanaskneli aTanabrebs

siCqareTa profils).

nawilakebis aparatSi araTanabari dayovnebis ignorireba da nakadebis

struqturaze gamartivebuli warmodgena sawarmoo aparatebis gaangariSebisas

xSirad iwvevs arsebiT Secdomebs. amitom masStaburi gadasvlis dros

mizanSewonilia hidravlikuri modelirebis Catareba “civ” modelebze.

xSirad nakadebis struqturis Seswavlis erTaderTi saSualebaa maTi

Seswavla arapirdapiri gziT – nakadis calkeuli nawilakebis aparatSi

dayovnebis dros Seswavlis gziT. amisaTvis, magaliTad, Semaval nakadSi

SehyavT raime nivTierebis (indikatoris anu traseris) minarevi da aparatis

gamosasvlelze izomeba misi koncentracia. aparatis gamosasvlelze traseris

koncentraciis droSi cvlilebis gamomavali mrudebi miuTiTeben nakadis

calkeuli nawilakebis aparatSi garkveuli droiT dayovnebis albaTobaze

(albaTobis simkvriveze).

idealuri gamodevnis aparatSi impulsurad Seyvanili indikatori aseve

erTi viwro impulsis saxiT gamova (maTematikurad aseTi impulsi aRiwereba

dirakis δ-funqciiT). nakadis aseT reJims uwodeben dguSursac. idealuri

gamodevnis reJimidan nebismieri gadaxra gamovlindeba sxvadasxva nawilakebis

dayovnebis droTa araTanabrobiT. aseT gadaxras pirobiTad uwodeben Serevas

an ukuSerevas. idealuri gamodevnis idealizirebuli modelis sapirispiro

idealizirebul models warmoadgens idealuri Serevis modeli. idealuri

Serevis aparatis gamomavali mrudi gamoisaxeba eqsponencialurad klebadi

koncentraciiT:

c = c0⋅exp(-τ/τ0) (2.3.25.1)

c0
 = M0/V (2.3.25.2)

M0 indikatoris porciis masaa, xolo τ0 warmoadgens dayovnebis saSualo

dros:

τ0 = V/Q (2.3.25.3)

es damokidebuleba xSirad gamoiyeneba aparatebSi siTxis mier dakavebuli V
moculobis dasadgenad (ara mxolod idealuri Serevis aparatebisaTvis).

gamomaval mrudebs xSirad ageben uganzomilebo koordinatebSi:

C = c/c0;  θ = τ/τ0 (2.3.25.4)

C gamosaxavs nawilakis dayovnebis drois ganawilebis albaTobis simkvrives:

0∫∞C⋅dθ = 1 (2.3.25.5)

0∫ϑC dθ warmoadgens ganawilebis integralur funqcias.

dayovnebis saSualo dro warmoadgens ganawilebis funqciis pirvel

sawyis moments anu maTematikur lodins:

τ0 = M[τ] =0∫∞c⋅τ⋅dτ /0∫∞c⋅dτ (2.3.25.6)

xSirad realur aparatSi nakadebis struqturas ganixilaven raime

gamartivebuli modelis anu fizikuri sqemis saxiT, romelic met-naklebi

sizustiT aRwers nakadebis struqturas. eqsperimentaluri gziT miRebuli

gamomavali mrudis saSualebiT adgenen am sqemis Sesabamisi maTematikuri

modelis obieqtTan adeqvaturobas da pouloben modelis parametrebis

mniSvnelobebs. monacemebis ganzogadoebis saSualebiT gansazRvraven modelis

parametrebs sxvadasxva hidrodinamikuri pirobebisa da mocemuli tipis

aparatis sxvadasxva geometriuli zomebisaTvis. aparatebSi nakadebis

struqturis aRwerisaTvis farTod iyeneben ujredovan da difuziur

modelebs.

ujredovani modelis mixedviT aparats warmoidgenen, rogorc idealuri

Serevis n  raodenobis aparatebis Tanmimdevrobas. aseTi warmodgena xSirad
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misaRebia sxvadasxva tipis TefSebian da seqcionirebul aparatebSi nakadebis

struqturis aRwerisaTvis. gamomavali mrudi gamoisaxeba gantolebiT:

C = θn-1exp(-nθ)⋅nn/(n-1)! (2.3.25.7)

n =1 Seesabameba idealuri Serevis, xolo n→∞  idealuri gamodevnis

modelebs.

difuziuri modelis safuZvlad miRebulia daSveba fiqtiuri difuziis

Sesaxeb nakadis sigrZis gaswvriv. am dros difuziis fiqtiur koeficients,

romliTac aRiwereba rogorc WeSmariti difuziiT, agreTve turbulenturi

pulsaciebiT da siCqareTa profilis araTanabrobiT gamowveuli ukuSereva,

uwodeben grZivi Serevis koeficients E.
dc/dτ = -w⋅dc/dx + E⋅d2c/dx2

(2.3.25.8)

difuziuri modelis Tanaxmad indikatoris impulsur Seyvanaze

gamomavali mrudi aRiwereba gantolebiT:

C = √(Pe/4πθ) ⋅exp[-Pe⋅(θ−1)2/4θ] (2.3.25.9)

sadac Pe = wl/E pekles kriteriumia (zogjer uwodeben bodenSteinis

kriteriums Bo). Pe →∞  uaxlovdeba idealuri gamodevnis models, Pe = 0 ki
idealuri Serevis models.

naxazze moyvanilia nakadebis

struqturis sxvadasxva

modelebisaTvis damaxasiaTebeli

gamomavali mrudebi.

III. siTburi procesebi

3. siTbogadacemis safuZvlebi.

sxvadasxva temperaturis sxeulebs Soris energiis gadatanas siTbos

formiT ewodeba Tbocvla, TbocvlaSi monawile sxeulebs ki Tbomatareblebi.

siTbogadacema mecnierebaa siTbos gavrcelebis procesebis Sesaxeb.

cnobilia siTbos gavrcelebis sami ZiriTadi elementaruli gza:

Tbogamtaroba warmoadgens siTbos gadatanas uSualo SexebaSi myofi

mikronawilakebis Tburi moZraobis (maT Soris rxeviTi) Sedegad.

konveqciis dros siTbo gadaecema siTxeebis makroskopuli moculobebis

moZraobis an Serevis Sedegad.

Tburi gamosxivebisas siTbos gadacema xdeba eleqtromagnituri

talRebis gamosxivebisa da STanTqmis gziT.

realurad siTbo gadaecema kombinirebuli gziT.

siTbos cvlas kedelsa da ares Soris uwodeben Tbogacemas, xolo or

ares Soris gamyofi kedlis gavliT – Tbogadacemas.

Tbomcvleli aparaturis gaangariSeba moicavs:

1) siTburi nakadis gansazRvras Tburi balansis Sedgenisa da amoxsnis gziT.
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2) Tbocvlis farTis gamoTvlas, romelic damokidebulia Tbogadacemis

siCqareze da iangariSeba siTbogadacemis ZiriTadi gantolebidan.

Tburi balansis gantoleba Caiwereba Tbomatareblebis masuri xarjebisa

da enTalpiebis (TboSeculobebis) mixedviT. Tu ugulvebelvyofT Tbur

danakargebs (romlebic Tboizolirebuli aparatebisaTvis ar aRemateba 3-5%),

SeiZleba CavweroT:

Q = G1(I1 0 - I1 K) = G2(I2 K - I2 0) (3.1)

indeqsiT 1 aRniSnulia ufro Tbili, xolo 2-iT ufro civi Tbomatareblebis

mxare. 0 da K Sesabamisad aRniSnaven sawyis da saboloo mniSvnelobebs.

Tu Tbocvla mimdinareobs nivTierebaTa agregatul mdgomareobaTa

cvlilebis gareSe, Tburi balansis gantolebaSi enTalpiebi gamoisaxeba

saSualo Tbotevadobebisa da temperaturebis saSualebiT:

Q = G1c1(t1 0 - t1 K) = G2c2(t2 K - t2 0) (3.2)

Tu siTbogadacemis procesSi xdeba agregatuli mdgomareobis cvlileba

an raime siTburi efeqti, xdeba maTi gaTvaliswineba. mag. gadaxurebuli

orTqlis enTalpiis cvlileba unda gamoisaxos orTqlis gacivebis,

orTqladqcevis r siTbosa da kondensatis gacivebis siTboebiT:

Q = G corT.(t0 – tnaj.) + G r + G ckond.( tnaj –tK.) (3.3)

siTbogadacemis ZiriTadi gantoleba gamoisaxeba:

Q = K F ∆TsaS τ (3.4)

K - Tbogadacemis koeficientia [vt/m2
oC], F-Tbocvlis farTia [m2], ∆TsaS -

Tbomatareblebs Soris temperaturaTa saSualo sxvaobaa.

3.1. siTbos gadacema TbogamtarobiT.

Tbogamtarobis ZiriTad kanons warmoadgens furies kanoni:

dQ/dτ = -λ dF ∂t/∂n (3.1.1)

romelic gamosaxavs dF farTobis elementSi dτ drois ganmavlobaSi gamaval

dQ siTbos raodenobas ∂t/∂n temperaturuli gradientis mixedviT. λ [vt/m K]
Tbogamtarobis koeficientia, igi icvleba zRvrebSi: wveTovani siTxeebisaTvis

- 0,1÷0,7; airebisaTvis - 0,006÷0,165; Tbosaizolacio masalebisTvis  - 0,006÷0,175,
liTonebisaTvis - 10÷400.
Tbogamtarobis diferencialuri gantoleba.

ganvixiloT erTgvarovan izotropul sxeulSi

elementaruli paralelepipedi dV = dx⋅dy⋅dz. dτ
droSi X RerZis gaswvriv dy dz elementaruli

farTis waxnagebSi Semaval da gamomaval

siTboTa sxvaoba gamoisaxeba:

dQx=λ dy dz ∂(∂t/∂x) dx dτ =
 =λ (∂2t/∂x2) dy dz dx dτ   (3.1.2)

samive RerZis gaswvriv siTbos nazrdi tolia:

dQ=λ (∂2t/∂x2+∂2t/∂y2+∂2t/∂z2) dV dτ =
= λ ∇2t dV dτ (3.1.3)

energiis Senaxvis kanonis Tanaxmad

paralelepipedis siTbos nazrdi tolia

enTalpiis cvlilebisa;

dQ =dI = c ρ dV (∂t/∂τ) dτ (3.1.4)

aqedan:

∂t/∂τ = ∇2t λ/(c ρ) = a ∇2t (3.1.5)

sadac a = λ/(c ρ)  [m2/wm] ewodeba temperaturagamtarobis koeficienti.
damyarebuli procesisTvis ∇2t = 0 (3.1.6
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brtyeli kedlis Tbogamtarobis gantoleba miiReba (3.1.6) gantolebis

integrirebiT erTi ganzomilebiT:

d2t/dx2 = 0 (3.1.7)

t = C1 x + C2 (3.1.8)

sasazRvro pirobebia: t|x=0 = t1, t|x=δ = t2 , sadac δ kedlis sisqea. aqedan:

t = t1 + x (t2-t1)/δ (3.1.9)

furies kanonis Tanaxmad:

dQ/dτ = -λ dF (t2-t1)/δ (3.1.10)

Q = (λ/δ) (t1-t2) F τ
anu Tburi simZlavre tolia:

Q’ = (λ/δ) (t1-t2) F (3.1.12)

mravalSriani kedlisaTvis:

Q = (t1-t2) F τ /(Σ δi/λi) (3.1.13)

L sigrZis cilindruli kedlisaTvis:

Q’ = -λ 2πr L dt/dr (3.1.14)

dr/r = -(λ 2π L/Q’) dt (3.1.15)

ln(rg/rS) = ln(dg/dS) =  -(λ 2π L/Q’) (t2-t1) (3.1.16)

3.2. Tburi gamosxiveba.

sxeulze dacemuli sxivuri energia nawilobriv STainTqmeba, nawilobriv

airekleba, nawilobriv ki mas gaivlis ucvlelad.

absoluturad Savi sxeuli mTlianad STanTqavs dacemul sxivur

energias (realurad Wvartlic ki STanTqavs energiis ara umetes 96%).

absoluturad TeTri sxeuli mTlianad aireklavs (saukeTeso arekvliT

xasiaTdebian zogierTi gaprialebuli liTonis zedapirebi), absoluturad

gamWvirvale, anu diaTermuli sxeuli mTlianad atarebs energias. bunebaSi

realuri sxeulebs uwodeben nacrisfers.

absoluturad Savi sxeulis gamosxivebis sruli energia, anu

gamosxivebis unarianoba gamoisaxeba stefan-bolcmanis kanoniT:

E0 = K0 T4
(3.2.1)

an sxvagvarad Caiwereba:

E0 = C0 (T/100)4
(3.2.2)

C0 = 108K0 = 5.67 vt/(m2K4)

realuri nacrisferi sxeulebisTvis igi Rebulobs saxes:

E = εC0 (T/100)4
(3.2.3)

ε <1 uwodeben gamosxivebis unarianobis fardobiT koeficients an siSavis

xarisxs. aluminisaTvis igi tolia 0,055, foladisaTvis – 0.82 (25
oC-ze).

Tu ganvixilavT urTierTparalelur nacrisfer da absoluturad Sav

sxeulebs Tburi wonasworobis pirobebSi da nacrisferi sxeulis STanTqmis

unarianobas avRniSnavT A1, SegviZlia CavweroT:

E1 – E0 A1= 0 (3.2.4)

anu E1/ A1 = E0 (3.2.5)

es gantoleba gamoxatavs kirxhofis kanons: nebismieri sxeulis gamosxivebis

unarianobis fardoba STanTqmis unarianobasTan mudmivi sididea da tolia

absoluturad Savi sxeulis gamosxivebis unarianobisa.

ori myari sxeulis urTierTgamosxiveba ganapirobebs siTbos gadacemas

ufro cxeli sxeulidan ufro civisken:

Q = C1-2 F τ [(T1/100)4 – (T2/100)4] ϕ (3.2.6)

C1-2 urTierTgamosxivebis koeficientia, ϕ - saSualo kuTxuri koeficientia,

ganisazRvreba zedapirebis formebiT, zomebiT da urTierTganlagebiT.



38

C1-2 =εmiy C0 (3.2.7)

εmiy = ε1 ε2 miyvanili siSavis xarisxia.

Tu erTi zedapiri moqceulia meoris SigniT, ϕ=1.
 C1-2 = 1/[1/C1 + (1/C2 – 1/C0)F1/F2] (3.2.8)

airebi siTbos gamoasxiveben mTeli moculobidan, amasTan zogadad sruli

gamosxivebis unarianoba ar aris temperaturis me-4 xarisxis proporciuli

(mag. wylis orTqlisaTvis xarisxis maCvenebelia 3, naxSirorJangisTvis 3,5),

magram teqnikuri angariSebisaTvis daSvebulia, rom maTi gamosxiveba

emorCileba stefan-bolcmanis kanons (3.2.3) da SemoRebulia airebis siSavis

xarisxi εa.

3.3. konveqciuri Tbocvla.

konveqciuri Tbocvla Zlier aris damokidebuli siTxis dinebis

hidrodinamikur reJimze. nakadis birTvSi siTbos gadacema xorcieldeba

erTdroulad TbogamtarobiT da konveqciiT. kedelTan warmoiqmneba Tburi

sasazRvro fena, sadac Tbogamtarobis roli ufro mniSvnelovania, xolo

uSualod kedelTan Txel Tbur qvefenaSi siTbocvla kedelTan xdeba mxolod

TbogamtarobiT.

konveqciuri Tbocvlis rTul xasiaTTan dakavSirebulia Tbocvlis

gaangariSebis siZneleebi, amitom iyeneben SedarebiT martiv gantolebas –

Tbogacemis kanons, anu niutonis gacivebis kanons:

dQ = α dF(tkedl. - tsiTx.) dτ (3.3.1)

MmTeli aparatis kedlis mimarT Tburi simZlavre:

Q’ = α F(tkedl. - tsiTx.) (3.3.2)

α [vt/(m2 K)] ewodeba Tbogacemis koeficienti. igi damokidebulia mraval

faqtorze: siTxis hidrodinamikur Tvisebebze (simkvrive, siblante) da reJimze,

Tbur Tvisebebze (Tbotevadoba, Tbogamtaroba, moculobiTi gafarToeba),

geometriul parametrebze, kedlis xaoianobaze.

konveqciuri Tbocvlis diferencialuri gantoleba. ganvixiloT 3.1.

TavSi gamosaxuli elementaruli paralelepipedi. X-RerZis gaswvriv

konveqciiT Setanili da gamotanil siTboTa sxvaoba dQx gamoisaxeba:

Qx = ρwx dy dz cp t dτ   (3.3.1)

dQx = Qx -Qx+dx = -cp[∂(ρwxt)/∂x]dx dy dz dτ = -cp[t ∂(ρwx)/∂x+ρwx ∂t/∂x]dx dy dz dτ        (3.3.2)
samive ganzomilebidan konveqciurad Setanili siTbo:

dQk = -cp{t [∂(ρwx)/∂x+∂(ρwy)/∂y+∂(ρwz)/∂z]+ρwx ∂t/∂x+ρwy ∂t/∂y+ρwz ∂t/∂z}dx dy dz dτ  (3.3.3)
nakadis uwyvetobis kanonis Tanaxmad ρ =const-Tvis  div(w) = 0 aqedan:

dQk = - ρcp[wx ∂t/∂x+wy ∂t/∂y+wz ∂t/∂z}dV dτ (3.3.4)�����

TbogamtarobiT Setanili siTbos raodenoba tolia (3.1.3):

dQTbog. = λ ∇2t dV dτ
maTi jami tolia paralelepipedis enTalpiis cvlilebis (3.1.4):

dQ =dI = c ρ dV (∂t/∂τ) dτ
Sekvecis Semdeg vRebulobT:

∂t/∂τ+ wx ∂t/∂x+wy ∂t/∂y+wz ∂t/∂z  = ∇2t λ/(c ρ) = a ∇2t (3.3.5)

an: dt/dτ  = ∇2t λ/(c ρ) = a ∇2t (3.3.6)

sadac dt/dτ gamosaxavs temperaturis substanciur warmoebuls.

miRebuli gantoleba warmoadgens konveqciuri Tbocvlis

diferencialur gantolebas an mas uwodeben furie-kirxhofis gantolebas.

3.4. siTburi msgavseba.

furie-kirxhofis gantolebis Tanaxmad temperaturuli veli moZrav
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siTxeSi aris mravali cvladis funqcia. praqtikuli gamoyenebisaTvis

gantolebas gardaqmnian msgavsebis kriteriumebis funqciis saxiT.

sasazRvro pirobebis msgavseba ganvixiloT furies da niutonis

kanonebis Tanaxmad sasazRvro fenaSi:

-λ ∂t/∂l  = α (tkedl. - tsiTx.) (3.4.1)

marjvena mxaris marcxenaze gayofiT da maTematikuri operatorebis

ugulvebelyofiT vRebulobT uganzomilebo sidides:

αl/λ = Nu (3.4.2)

ewodeba nuseltis kriteriumi, axasiaTebs siTbos gadatanas kedelsa da

siTxis nakads Soris. igi warmoadgens sasazRvro fenis sisqisa da

ganmsazRvreli geometriuli zomis Tanafardobis sazoms.

furie kirxhofis gantolebis msgavsi gardaqmnisaTvis misi wevrebi

warmovadginoT:

(wx ∂t/∂x+wy ∂t/∂y+wz ∂t/∂z) ∼ t w/l (3.4.3)

asaxavs nakadis siCqaris gavlenas Tbocvlaze.

a ∇2t ∼ a t/l2 (3.4.4)

asaxavs siTbos gadatanas TbogamtarobiT.

dt/dτ  ∼ t/τ  (3.4.5)

asaxavs Tbocvlis daumyarebel reJims. misi a t/l2 
-ze fardobis Sebrunebuli

sididea:

aτ/l2= Fo (3.4.6)

furies kriteriumi. igi droiTi msgavsebis kriteriumia, homoqronobis Ho
kriteriumis analogi.

konveqciuri wevris (3.4.3) fardobiT (3.4.4)-ze miiReba:

wl/a = Pe (3.4.7)

pekles kriteriumi, romelic warmoadgens konveqciiTa da TbogamtarobiT

gadatanil siTboTa fardobis zomas.

siTbogadacemis procesebis msgavsebis aucilebel pirobebs warmoadgenen

agreTve hidrodinamikuri da geometriuli msgavseba, kriteriumebis Ho, Re, Fr
da geometriuli simpleqsebis L1/L0, L2/L0 ... Ln/L0 msgavseba (L0 raime

ganmsazRvreli geometriuli zomaa).

kriteriumi Pe SeiZleba warmodgenili iqnas ori uganzomilebo

kompleqsis namravlis saxiT:

Pe = (wl/ν) (ν/a) = Re Pr (3.4.8)

Pr = ν/a = µcp/λ (3.4.9)

prandtlis kriteriumi Pr mTlianad Sedgeba siTxis fizikuri Tvisebebis

damaxasiaTebeli sidideebisgan da axasiaTebs Tbomatareblebis fizikuri

Tvisebebis msgavsebas. igi warmoadgens temperaturuli da siCqareTa velebis

msgavsebis zomas.

konveqciuri Tbocvlis ganzogadoebuli gantoleba gansasazRvreli

kriteriumis Nu mimarT Caiwereba:

Nu = f(Fo, Pr, Ho, Re, Fr, L1/L0, L2/L0 ... Ln/L0) (3.4.10)

damyarebuli procesebisaTvis gamoiricxebian droiTi msgavsebis

kriteriumebi Ho, Fo. iZulebiTi moZraobisas, rodesac simZimis Zalis gavlena

siTxis nakadis hidrodinamikaze umniSvneloa, Fr SegviZlia ugulvebelvyoT:

Nu = f(Re, Pr, L1/L0, L2/L0 ... Ln/L0) (3.4.11)

xSirad kriterialur gantolebas gamosaxaven xarisxovani funqciiT. mag.

d diametris da l sigrZis milSi nakadis moZraobisas mas gamosaxaven:

Nu = αl/λ = c Rem Prn (l/d)p (3.4.12)
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bunebrivi konveqciis pirobebSi ganmsazRvrel kriteriumebs unda

daematos Fr, magram bunebrivi konveqciuri nakadebis siCqareTa gansazRvris

siZneleebis gamo mizanSewonilia warmoebuli arqimedis kriteriumis

gamoyeneba (2.3.11.4):

Ar = (gl3/ν2) (∆ρ/ρ0) (3.4.13)

rodesac konveqciis gamomwvevi simkvriveTa sxvaoba ganpirobebulia

temperaturaTa sxvaobiT, igi SeiZleba gamovsaxoT siTxis moculobiTi

temperaturuli gafarToebis koeficientiT β:
∆ρ =ρ0 β ∆t (3.4.14)

misi CasmiT vRebulobT grashofis kriteriums:

Gr = g l3 β ∆t /ν2
(3.4.15)

igi warmoadgens msgavsebis kriteriums bunebrivi konveqciisaTvis, rodesac

siTxis moZraoba mTlianad ganpirobebulia TviT Tbocvlis procesiT. am dros

Tbogacemis ganzogadoebuli gantoleba SeiZleba gamoisaxos:

Nu = f(Gr, Pr, l/d) (3.4.16)

3.5. Tbogacemis koeficientebis saangariSo formulebi.

milebSi iZulebiTi moZraobisas damyarebuli turbulenturi

reJimisaTvis:

Nu = 0,023 Re0.8 Pr0.4 
(3.5.1)

Tu Tbomatareblis fizikuri Tvisebebi mniSvnelovnad icvlebian

Tbocvlis procesSi, unda gamoviyenoT ufro zusti gantoleba:

Nu = 0,021 Re0.8 Pr0.43 (Pr/Prk)0.25 
(3.5.2)

Prk - prandtlis kriteriumis mniSvnelobaa kedlis saSualo

temperaturisaTvis.

klaknilebSi siTxeebis moZraobisas gamoiyeneba Sesworebis koeficienti:

αR = α(1+3,54 d/D)  
(3.5.3)

gardamavali reJimisaTvis iyeneben miaxloebiT gantolebas:

Nu = 0,008 Re0.9 Pr0.43
(3.5.4)

laminarul reJimis dros gaTvaliswinebulia bunebrivi konveqciis

gavlenac:

Nu = 0,17 Re0.33 Pr0.43 Gr0.1(Pr/Prk)0.25 
(3.5.5)

Tbogacema meqanikuri Serevisas aparatebSi, romlebSic sarevelebi qmnian

ZiriTadad radialur nakadebs:

Nu = C Rem Prn (µ/µk)0.14  
(3.5.6)

perangiani aparatebisaTvis: m = 0,67, n = 0,33
frTebiani da firfitovani sarevelebisaTvis C = 0,4
Ria turbinuli sarevelebisaTvis C = 0,68
klakniliani aparatebisaTvis: m = 0,62, n = 0,33
frTebiani da firfitovani sarevelebisaTvis C = 1,01
Ria turbinuli sarevelebisaTvis C = 1,4
Tavisufali moZraobisas (bunebrivi konveqcia) kriterialuri gantolebidan

gamoiricxeba reinoldsis kriteriumi.

Nu = C(Gr Pr)n  
(3.5.7)

laminarul reJimSi (Gr Pr < 5 102): C=1.18, n=0.125
gardamaval reJimSi (5 102 <Gr Pr < 2 107): C=0.54, n=0.25
laminarul reJimSi (Gr Pr > 2 107): C=0.135, n=0.33
ganmsazRvrel geometriul zomad miiReba vertikaluri zedapiris simaRle an

milis Sida diametri.
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orTqlis kondensaciisas Tbogacema rogorc wesi xorcieldeba afskovani

kondensaciis pirobebSi da Termuli winaaRmdegoba praqtikulad

ganpirobebulia kondensatis afskiT. orTqlis kondensaciisas vertikaluri

milebis zedapirze gamoiyeneba formula:

α = 1,15 4√[λ3ρ2gr/(µ⋅∆t⋅H)]  
(3.5.8)

horizontaluri milis zedapirze:

α = 0,728 4√[λ3ρ2gr/(µ⋅∆t⋅d)]  
(3.5.9)

∆t = tkond - tk
siTxis fizikuri Tvisebebi kondensatis afskis saSualo temperaturisaTvis t =
0,5(tkond- tk)
siTxeebis duRilisas miaxloebiTi angariSisaTvis iyeneben formulas:

α = 2,72 ϕ p0.4 q0.7  
(3.5.10)

q kritikul mniSvnelobaze naklebi Tburi datvirTvaa, wneva p gamosaxuli

unda iyos kgZ/sm2. ϕ iTvaliswinebs siTxis fizikur Tvisebebs da igi aiReba:

wylisTvis – 1, benzolisaTvis – 0.31, eTilis spirtisaTvis – 0.45, navTisaTvis

0.4, heftanisaTvis – 0.46

Tbogacema airisa da myari marcvlovani masalebis uSualo Sexebisas

iangariSeba:

Nu = 0,123 Re0.83  
(3.5.11)

praqtikuli monacemebiT Tbogacemis koeficientis sidide icvleba zRvrebSi:

haerisaTvis – 1,16-58 vt/m2K
gadaxurebuli orTqlisaTvis – 23,2-116 vt/m2K
zeTebisTvis – 58-1740 vt/m2K
wylisTvis – 232-11600 vt/m2K
wylis duRilisas – 580-52200 vt/m2K

wylis orTqlis afskovani kondensaciisas – 4640-17400 vt/m2K
organuli nivTierebebis orTqlebis kondensaciisas – 580-2320 vt/m2K

3.6. siTbogadacema.

or Tbomatarebels Soris kedlis gavliT gadacemuli siTburi

nakadis mudmivobidan gamomdinare furiesa da niutonis

kanonebis Tanaxmad miiReba siTbogadacemis gantoleba brtyeli

kedlisaTvis:

Q =KF(t1-t2)  
(3.6.1)

sadac siTbogadacemis koeficienti K iangariSeba kedlis orive

mxares Tbogacemis koeficientebis, kedlis fenebis sisqeebisa

da TbogamtarobaTa mixedviT:

K = 1/(1/α1 + Σ δ/λ + 1/α2) (3.6.2)

Sesabamisi Sebrunebuli sidideebi warmoadgenen Termul winaaRmdegobebs. anu

sruli Termuli winaaRmdegoba iangariSeba, rogorc calkeul Termul

winaaRmdegobaTa jami:

1/K = 1/α1 + Σ δ/λ + 1/α2
 

(3.6.3)

cilindruli kedlebisaTvis:

K = 1/(1/α1r1 + ln(r1/r2)/λ + 1/α2r2)  
(3.6.4)

milis kedlis sisqisa da Sida diametris fardobisas δ/dS < 0,4 SeiZleba

brtyeli kedlis analogiuri formuliT sargebloba:

Q =Kπd1L(t1-t2)  
(3.6.5)

milis saangariSo diametri d1 aiReba milis im mxaris diametris toli, sadac

α gacilebiT naklebia, xolo Tu Tbogacemis koeficientebi umniSvnelod

gansxvavdebian, igi aiReba saSualo diametris toli.
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siTbogadacema Tbomatareblebis moZraobis mimarTulebaTa mixedviT.

Tbogadacemis uwyveti procesebisaTvis SesaZlebelia Semdegi variantebi:

1) paraleluri, anu pirdapiri deni, rodesac Tbomatareblebi erTi

mimarTulebiT moZraoben.

2) winaRi deni.

3) jvaredini deni, rodesac Tbomatareblebi urTierTperpendikularulad

moZraoben.

4) Sereuli deni, rodesac erT-erTi nakadi icvlis mimarTulebas meoris

mimarT.

rogorc paraleluri, iseve winaRi denisaTvis TbomatarebelTa Soris

temperaturaTa saSualo sxvaoba (saSualo temperaturuli dawneva) SeiZleba

gaangariSebuli iqnas, rogorc saSualo logariTmuli sidide:

∆tsaS = (∆tmax -∆tmin)/ln(∆tmax/∆tmin)  
(3.6.6)

Tu Tbomatareblebis temperaturaTa sxvaobebi Tbomcvleli aparatebis

boloebSi gansxvavdebian araumetes, vidre 2-jer (∆tmax/∆tmin< 2), saSualo

mamoZravebeli Zala sakmarisi sizustiT SeiZleba gamovTvaloT, rogorc

saSualo ariTmetikuli:

∆tsaS = (∆tmax+∆tmin)/2  
(3.6.7)

Tbomatareblebis urTierTmimarTulebis SerCevisas unda gaviTvaliswinoT,

rom siTbogadacema ufro efeqturia winaRi denis dros, Tumca calkeul

SemTxvevebSi teqnologiuri mosazrebebiT nakarnaxevia paraleluri denis

SerCevac, magaliTad, Tu ar aris sasurveli romelime fazis gadaxureba an

gadaciveba. Tu erTerTi Tbomatareblis agregatuli mdgomareobis

cvlilebasTan dakavSirebiT (duRili, kondensacia) misi temperatura

ucvlelia aparatis sigrZeze, maSin nakadebis urTierTmimarTuleba

praqtikulad ar axdens gavlenas maTi temperaturebis saSualo sxvaobaze da

Tbomatareblebis xarjze.

gamaxurebeli da gamacivebeli agentebis SerCevisas mraval faqtors eniWeba

mniSvneloba. yvelaze gavrcelebul agentebs warmoadgenen wyali, wylis

orTqli da haeri. farTod gamoiyeneba mineraluri zeTebi, organuli siTxeebi

da orTqlebi, gamlRvali marilebi, Txevadi liTonebi, namwvi airebi, marilTa

xsnarebi (maTi gayinvis dabal temperaturebTan dakavSirebiT).

3.7. Tbomcvleli aparatebis konstruqciebi.

Tbomcvleli aparatebis ZiriTadi jgufebia:

1) zedapiruli Tbomcvlelebi, rodesac Tbocvla momdinareobs areebs Soris

yru kedlis gavliT.

2) Serevis Tbomcvlelebi, rodesac areebi erTmaneTs uSualod exebian.

3) regeneraciul TbomcvlelebSi areebis gacxeleba (gaciveba) xdeba winaswar

sxva Tbomatareblebis mier periodulad gacxelebul (gacivebul) myar

sxeulebTan (magaliTad, aparatSi CatvirTul wyoburTan) Sexebis xarjze.

Tbomcvlel aparatebs amzadeben sxvadasxva masalebisgan: liTonebisgan

–naxSirbadovani an legirebuli foladebisgan, spilenZisagan, titanisagan,
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tantalisagan da Zvirfasi liTonebisganac ki, araliTonuri masalebisgan –

minisgan, teflonisgan, grafitisgan da sxva.

milovani Tbomcvlelebi.

Tbomcvleli “mili-milSi”, xSirad

mravalseqciiani.

garsacmmilovani Tbomcvlelebi: a) erTsvliani. b) mravalsvliani, tixrebiT.

milebis ganlageba SesaZlebelia eqvskuTxedebad, koncentrul wreebad,

marTkuTxedebad.

Tbomcvlel milebsa da garsacms

Soris temperaturaTa sxvaobebiT

gamowveul temperaturuli

deformaciebis Sesamcireblad

gamoiyeneba sxvadasxva

konstruqciuli xerxebi:

kompensatorebi, mcuravi Tavebi, U-s

magvari milebi.

klaknila Tbomcvlelebi.

CaZiruli Tbomcvleli. morwyvis Tbomcvleli.

firfitovan TbomcvlelebSi Tbocvlis farTi warmoqmnilia

gofrirebuli paraleluri firfitebisgan, romlebic qmnian 3-6 mm. siganis

arxebs talRovani kedlebiT.
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Tbomcvleli aparatebis konstruqciebisgan damoukideblad xSirad maTi

dasaxeleba dakavSirebulia Sesrulebul funqciebTan da ewodebaT:

gamacxeleblebi, macivrebi, amaorTqleblebi, kondensatorebi, kondensator-

macivrebi, kaloriferebi (airebis gamTbobebi), siTbos rekuperatorebi da a.S.

garda amisa xSirad sxva ZiriTadi daniSnulebis aparatebi (mag. reaqciuli da

masacvlis) agreTve aRWurvili arian Tbomcvleli mowyobilobebiT –

klaknilebiT, perangebiT, gamacxelebeli milebiT. teqnologiur procesebSi

farTod gamoiyeneba agreTve eleqtruli gamaxureblebi.

magaliTi. gamovTvaloT garsacmmilovani Tbomcvlelis Tbocvlis farTi da

zomebi, romelic gankuTvnilia 5000kg/sT eTilis spirtis 40%(won.)

wyalxsnaris gasaTbobad 15
OC-dan 85

 OC-mde. mTbob agentad gamoiyeneba 1.5 at.

wnevis najeri orTqli. TbomcvlelSi gamoiyeneba 25X2 mm. foladis milebi.

nakadis wamuri masuri xarjia G=5000/3600=1.39 kg/wm
nakadis saSualo temperatura tolia t=(t0+tk)/2=(15+85)/2=50oC
narevis saSualo Tbotevadoba iangariSeba miaxloebiTi formuliT:

c=0.4cE+(1-0.4)cW=0.4⋅0.7+0.6⋅1=0.882 kkal/kg⋅grad=0.882⋅4190=3695 j/kg⋅grad
cW, cE Sesabamisad wylisa da eTilis spirtis kuTri Tbotevadobebia 50

gradusze [3.562].

Tbomcvlelis Tburi datvirTva iangariSeba (3.2):

Q=Gc(tk-t0)=1.39⋅3695(85-15)=359500 vt
1.5 at. wnevis najeri orTqlis temperaturaa tc=110 oC [3.550].
fazaTa Soris temperaturaTa sxvaobebia: ∆tmax=110-15=95 oC, ∆tmin=110-85=25 oC
temperaturaTa saSualo sxvaobaa (3.6.6):

∆t=( ∆tmax −∆tmin)/ln(∆tmax /∆tmin)=(95-25)/ln(95/25)=70/1.335=52 oC
xsnaris moculobiTi xarji tolia V=G/ρ=1.39/916=0.00152 m3/wm
ρ=916kg/m3 40% spirtxsaris simkvrivea 50

 oC-ze [3.532].

xsnaris siblante tolia [3.517]: µ =1.13sp =1.13⋅10-3 pa⋅wm
ganvsazRvroT nakadis minimaluri siCqare milebSi aralaminaruli reJimis

uzrunvelsayofad (Re=wdr/µ):
w=Reminµ/dρ =2320⋅1.13⋅10-3 /(0.021⋅916)= 0.136 m/wm
Sesabamisi milTa ricxvi gamovTvaloT formulidan w=V/S=V/(0.785⋅d2⋅n):
n=V/(0.785⋅d2⋅w)=0.00152/(0.785⋅0.0212⋅0.136)=32
milebis eqvskuTxedebad ganlagebisTvis standartuli raodenobebidan 1, 7, 13,

19, 31, 37, 55, 61 SevarCioT 31. Sesabamisad gadaviangariSoT nakadis siCqare:

w=V/S=V/(0.785⋅d2⋅n)=0.00152/(0. 785⋅0.0212⋅31)=0.142 m/wm
Re=wdr/µ =0.142⋅0.021⋅916/0.00113 = 2417
gardamavali reJimisaTvis Tbogacemis koeficientis gamosaTvlelad

visargebloT formuliT (3.5.4):

Nu = 0,008 Re0.9 Pr0.43

40% eTilis spirtis wyalxsnaris Tbogamtarobis koeficienti 50
 oC -ze tolia

[3.561]:

λ = 0.37kkal/(m⋅sT⋅ oC) = 0.37⋅4190/3600 vt/(m⋅K) = 0.37⋅1.163 = 0.43 vt/(m⋅K)
Pr  = µc/λ = 0.00113⋅3695/0.43 = 9.71
Nu= αl/λ = 0,008 Re0.9 Pr0.43 = 0.008⋅24170.9⋅9.710.43 = 23.6
aqedan:

α1 = Nu⋅λ/d = 23.6⋅0.43/0.021=483 vt/(m2⋅K)
Tbogacemis koeficienti najeri wylis orTqlis kondensaciis mxares

viangariSoT formuliT (3.5.8):

α = 1,15 4√[λ3ρ2gr/(µ⋅∆t⋅H)]  
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miviRoT ∆t =8 oC (praqtikuli monacemebiT miiReba 5-15
 oC)

wylis kondensatis fizikuri Tvisebebi aiReba afskis saSualo

temperaturisTvis:

t =tc - ∆t/2 = 110 - 8/2 = 106 oC
λ = 0.59kkal/(m⋅sT⋅ oC) = 0.59⋅1.163 = 0.69 vt/(m⋅K)  [3.561], ρ = 952 kg/m3[3.512]
r = 2245kj/kg [3.548]

µ = 0.276sp = 0.276⋅10-3 pa⋅wm
miviRoT H =3m
α2 =1,154√[λ3ρ2gr/(µ⋅∆t⋅H)]=1.154√[0.693⋅9522⋅9.81⋅2245000/(0.000276⋅8⋅3)]= 6450vt/(m2⋅K)
Tbogadacemis koeficients vangariSobT formuliT(3.6.2):

K = 1/(1/α1 + Σ δ/λ + 1/α2) = 1/(1/483 + 0.002/46.5 + 1/6450) = 441vt/(m2⋅K)
foladis Tbogamtaroba λf = 46.5vt/(m⋅K)  [3.529]
Tbocvlis farTs vangariSobT siTbogadacemis gantolebis Tanaxmad (3.6.1):

F=Q /(K⋅∆t) =359500/(441⋅52)= 15.7m2
miRebuli milTa ricxvisaTvis mTbobi milebis simaRle tolia:

H= F/(πdn) =15.7/(3.14⋅0.023⋅31)= 7.01m
milebis didi sigrZis gamosaricxad, amave dros hidrodinamikuri reJimis

SesanarCuneblad SevarCioT orsvliani Tbomcvleli 4 m sigrZis milebiT da

milTa ricxviT 61, rac gvaZlevs Tbocvlis farTs:

F=πdnH=3.14⋅0.023⋅6⋅4= 17.6 m2
rac Seesabameba 12% marags.

3.8. aorTqleba.

aorTqleba ewodeba praqtikulad araaqroladi nivTierebebis xsnarebis

koncentrirebis process gamxsnelis nawilobrivi aorTqlebis gziT

duRilisas (duRilis dros gamxsneli orTqldeba xsnaris mTeli

moculobidan da ara mxolod zedapiridan). aorTqleba gamoiyeneba sasurveli

produqtis koncentrirebuli an myari saxiT misaRebad, zogjer ki piriqiT -

sufTa gamxsnelis misaRebad (mag. zRvis wylis gamtknarebisaTvis).

gamaTbobel agentad xSirad iyeneben orTqls, romelsac ewodeba

pirveladi. mduRare xsnaridan gamoyofil orTqls ewodeba meoradi.

mravalkorpusian amaorTqlebel danadgarebSi meoradi orTqli gamoiyeneba

Semdegi korpusis gasaTbobad. aorTqleba SeiZleba Catardes vakuumis,

atmosferuli an gazrdili wnevis pirobebSi. Tu aparati muSaobs

atmosferulze maRal wnevaze, meoradi eqstra-orTqli SeiZleba gamoyenebuli

iqnas sxva teqnologiuri saWiroebisTvisac.

Tanamedrove amaorTqlebel aparatebs aqvT

Zalian didi gaxurebis farTi – zogjer 2000 m2-ze

meti.

erTkorpusiani amaorTqlebeli aparati

centraluri sacirkulacio miliT Sedgeba

gamaxurebeli kamerisa da separatorisgan.

cirkulacia xorcieldeba siTxe-orTqlis

emulsiis dabali simkvrivis gamo siTxis saSualo

simkvrivesTan SedarebiT. Tu aorTqleba xdeba

vakuumSi, meoradi orTqli gaiwoveba

kondensatorSi, romelic SeerTebulia vakuum-

tumbosTan.

materialuri balansi Caiwereba:

G0 =GK + W  
(3.8.1)

G0, GK - xsnaris sawyisi da saboloo masuri
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xarjebia, W - aorTqlebuli gamxsneli (orTqli).

mSrali masis mimarT materialur balansi:

G0b0 =GKbK
 

(3.8.2)

b0, bK Sesabamisi koncentarciebia – woniTi % an wili.

Tburi balansis gantolebidan iangariSeba aparatis Tburi datvirTva:

Q = D(I0 -c’T) =G0c0(tK - t0)+W(I - c’’tK)+Qkonc.+Qdan (3.8.3)

t0 -xsnaris sawyisi, tK - saboloo (duRilis) temperaturebia, c0-sawyisi xsnaris

saSualo kuTri Tbotevadobaa t0 ÷ tK  intervalSi, I0 - mTbobi orTqlis

enTalpiaa, c’’ - wylis saSualo Tbotevadobaa, I -meoradi orTqlis enTalpiaa,

T- najeri mTbobi orTqlis temperaturaa.

Qkonc - xsnaris koncentrirebis siTbo iTvaliswineba, Tu misi sidide

sagrZnobia da iangariSeba gaxsnis integraluri siTboebis sxvaobaTa ∆q
mixedviT mocemuli koncentraciis xsnarebisaTvis (igi SeiZleba iyos

dadebiTic da uaryofiTic):

Qkonc.=∆q GK bK/100 (3.8.4)

Qdan - siTbos danakargebi praqtikuli monacemebiT Seadgens Tburi datvirTvis

3-5%.

balansebis gantolebebis Sedgenisas daSvebulia, rom vinaidan aparati

muSaobs intensiuri Serevis reJimSi, gamomavali nakadebis fizikuri Tvisebebi

tolia aparatSi myofi xsnaris Tvisebebisa.

gaxurebis farTi uwyveti qmedebis amaorTqlebeli aparatisaTvis

iangariSeba Tbogadacemis gantolebis safuZvelze:

F = Q/K∆t (3.8.5)

sasargeblo temperaturaTa sxvaoba iangariSeba:

∆t = T - tK (3.8.6)

tK - duRilis temperatura iangariSeba temperaturuli danakargebis

gaTvaliswinebiT, romlebic Sedgeba: xsnaris saboloo koncentraciisaTvis

temperaturuli depresiisgan ∆’, hidrostatikuri depresiisgan ∆’’ da

hidravlikuri depresiisgan ∆’’’.
temperaturuli depresia tolia xsnarisa da gamxsnelis duRilis

temperaturaTa sxvaobisa. Cveulebriv, cxrilebSi moyvanilia monacemebi

atmosferuli wnevisaTvis. misi gadaTvla SesaZlebelia tiSCenkos formuliT:

∆’ = 0.0162 ∆’atm. T2/r (3.8.7)

T, r gamxsnelis duRilis temperatura da aorTqlebis siTboa (kj/kg) mocemul

wnevaze.

hidrostatikuri depresia ganpirobebulia xsnaris duRilis

temperaturis zrdiT maduRari milebis fenaSi hidrostatikuri wnevis

gavleniT. pirveli miaxloebiT duRilis temperatura SeiZleba ganvsazRvroT

milis saSualo simaRlis Sesabamisi wnevisaTvis im daSvebiT, rom emulsiis

simkvrive orjer naklebia xsnaris simkvriveze.

p = pW + ρgH/4 (3.8.8)

∆’’ praqtikuli monacemebiT Seadgens 1-3
oC.

hidravlikuri depresia ganpirobebulia meoradi orTqlis mier

dasaZlevi hidravlikuri winaaRmdegobebiT xaxunze da adgilobriv

winaaRmdegobebze. igi gaiTvaliswineba  mravalkorpusian danadgarebisaTvis da

miiReba 0.5-1.5
 oC zRvrebSi.

Sesabamisad, duRilis temperatura iangariSeba meoradi orTqlis

tempoeraturis T’ mixedviT:

tK = T’ + ∆’ + ∆’’ (3.8.9)
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mravalkorpusiani amaorTqlebeli danadgarebis gamoyenebisas orTqlis

xarji sagrZnoblad mcirdeba.

naxazze warmodgenilia pirdapir nakadiani mravalkorpusiani amaorTqlebeli

danadgaris sqema. bolo korpusidan orTqli kondensirdeba barometrul

kondensatorSi. gamoiyeneba agreTve winaRdeniTi mravalkorpusiani

amaorTqlebeli danadgarebic, magram am dros ufro dabali wnevis

korpusebidan maRali wnevis korpusebSi xsnaris gadasatanad saWiroa

tumboebis gamoyeneba. zogjer xdeba amaorTqlebeli aparatebis paraleluri

kveba sawyisi xsnariT.

mravalkorpusiani amaorTqlebeli danadgarisaTvis materialuri balansi

saerTo aorTqlebuli wylis mimarT Caiwereba:

W = G0(1 – b0/bn) (3.8.10)

koncentraciebi nebismieri korpusis gamosasvlelze iangariSeba:

bn = G0 b0 /(G0 - W1 - W2 ...- Wn) (3.8.11)

Tburi balansis Tanaxmad iangariSeba Tburi datvirTva nebismieri

korpusisaTvis eqstra-orTqlebis Ei gaTvaliswinebiT:

Qn = (Wn-1 – En-1)(In-1 – c’n Tn) =
= (G0 -W1 -W2 ...-Wn-1)cn-1(tKn -tKn-1)+Wn(In – c’’n tKn)+Qkonc. n+Qdan n  (3.8.12)
gantolebaTa sistema (3.8.12) unda Seivsos saerTo aorTqlebuli wylis

balansis gantolebiT:

W = W1 + W2 + ...+ Wn (3.8.13)

temperaturaTa saerTo sasargeblo sxvaoba unda gadanawildes korpusebs

Soris maTi muSaobis pirobebis mixedviT. saerTo sasargeblo sxvaoba

iangariSeba temperaturaTa saerTo sxvaobidan T1-T’c yoveli korpusis yvela

temperaturuli danakargebis jamis gamoklebiT:

Σ∆t = T1 – T’c - Σ∆ (3.8.14)

T1, T’c - Sesabamisad pirveladi orTqlis da kondensatorSi najerobis

temperaturebia.

korpusebis Tbocvlis farTebis tolobis pirobisaTvis temperaturaTa

saerTo sasargeblo sxvaoba nawildeba Semdegi formulis Tanaxmad:

 ∆tn = Σ∆t⋅(Qn/Kn)/ΣQ/K (3.8.15)

xolo minimaluri jamuri Tbocvlis farTis pirobisaTvis:

∆tn = Σ∆t⋅√(Qn/Kn)/Σ√(Q/K) (3.8.16)

korpusebis ricxvis SerCevisas gaTvaliswinebuli unda iqnas 1 kg.

aorTqlebul wyalze mTbobi orTqlis xarjis Semcireba korpusebis ricxvis

zrdasTan erTad:
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korp. ricxvi 1 2 3 4 5

orTqlis xarji,

kg/kg

1.1 0.57 0.4 0.3 0.27

e.i. 4-dan 5 korpusze gadasvlisas mTbobi orTqlis xarji mcirdeba mxolod

10%-iT, amasTan monotonurad matulobs temperaturuli danakargebi da

SesaZloa veRarc Sesruldes TbogadacemisaTvis saWiro mamoZravebeli Zalis

sididis piroba (aranakleb 5-7oCbunebrivi cirkulaciisas da 3oC iZulebiTi

cirkulaciisaTvis). yvelaze xSirad gamoiyeneba 3-4 korpusiani danadgarebi.

arseboben Semdegi konstruqciis amaorTqlebeli aparatebic: klaknila mTbobi

milebiT, horizontaluri mTbobi milebiT, Cakidebuli gamaxurebeli kameriT,

gamotanili sacirkulacio miliT, gamotanili gamaxurebeli kameriT, afskuri

amaorTqleblebi, barbotaJuli aparatebi da sxva. cirkulacia SeiZleba

xorcieldebodes agreTve iZulebiT (tumboebiT).

IV. masacvlis procesebi

4. masagadacemis safuZvlebi.

qimiur teqnologiaSi farTod aris gavrcelebuli da didi mniSvneloba

aqvs masagadacemis procesebs, romlebic xasiaTdebian erTi an ramdenime

nivTierebis gadasvliT fazaTa Soris. maTi saxeebia:

1) absorbcia – airis STanTqma siTxiT. Sebrunebuli procesia desorbcia.

2) eqstraqcia siTxeTa Soris – nivTierebis gadanawileba erTmaneTSi

praqtikulad uxsnad Txevad fazebSi.

3) gamoxda (distiliacia) – homogenuri Txevadi narevebis gayofa siTxesa da

orTqls Soris komponentebis mimocvlis gziT.

4) adsorbcia – airis, orTqlis an siTxis komponentebis STanTqma myari

forovani STamnTqmeliT. Sebrunebuli procesia desorbcia.

5) Sroba – tenis mocileba myari masalebidan ZiriTadad aorTqlebis gziT.

6) kristalizacia – myari fazis kristalebis gamoyofa xsnarebidan an

lRobilebidan.

7) gaxsna da eqstraqcia myari fazidan (am ukanasknels zogjer uwodeben

gamotutvas).

masagadacemis procesebs xSirad uwodeben difuziurs. masacvlis

procesebis siCqare, Tbocvlis msgavsad, proporciulia fazaTa kontaqtis

farTobis, xolo mamoZravebel Zalas warmoadgens sistemis gadaxra dinamiuri

wonasworobis mdgomareobidan.

fazaTa Semadgenlobis gamosaxva xdeba Semdegi sidideebiT:

moculobiTi koncentraciebiT – woniTi c [kg/m3] an moluri c [mol/m3].

woniTi x, y an moluri x, y wilebi (an %).

fardobiTi woniTi X, Y an moluri X, Y wilebi.

qvemoT moyvanilia urTierTgadaTvlis formulebi:

xk=(xk/Mk)/∑(x/M)=X/(1+X); xK=cK/ρ=cKMK/ρ (4.1)

airTa narevebis Semadgenlobebs xSirad gamosaxaven parcialuri wnevebiT.

masagadacemis procesebis wonasworobis analizisas gamoiyeneba fazaTa

wesi:

Φ + C = K +2 (4.2)

Φ - fazaTa ricxvia, C - Tavisuflebis xarisxTa (damoukidebel cvladTa)

ricxvia, K -komponentebis ricxvia.
damoukidebel cvladTa Soris damokidebulebani SeiZleba gamoisaxon

brtyel koordinatebSi e.w. fazuri diagramebiT. aseTebia: wnevis

damokidebuleba koncentraciaze (t=const), temperatura koncentraciaze

(p=const) an wonasworul koncentraciaTa Soris damokidebuleba (p=const).
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zogadad fazebSi ganawilebul komponentis

koncentraciebs Soris damokidebuleba gamoisaxeba:

y* = f(x) (4.3)

grafikulad igi gamoisaxeba wonasworobis mrudiT.

sxvadasxva fazebSi wonasworuli koncentraciebis

fardobas ewodeba ganawilebis koeficienti:

m =y*/x (4.4)

ganawilebuli nivTierebis samuSao

koncentraciebi realur aparatebSi ver aRwevs

wonasworuls. samuSao koncentraciaTa Soris

damokidebuleba – e.w. samuSao xazis gantoleba miiReba materialuri

balansebidan. ganvixiloT masacvla pirobiTad Txevad Φx da airad Φy fazebs
Soris, nakadebis xarjebiT Sesabamisad L da G. aparatis nebismieri kveTisTvis

materialuri balansis gantolebebi Caiwereba:

G0 + L = G + LK (4.5)

G0⋅y0 + L⋅x = G⋅y + LK⋅xK (4.6)

anu y = (L/G)x + (G0⋅y0 - LK⋅xK)/G (4.7)

0 da K Sesabamisad aRniSnaven sawyis da saboloo mniSvnelobebs.

Tu fazaTa xarjebi aparatis gaswvriv ar icvleba (mag. Tu faza-matareblis

masa gacilebiT metia komponentebis masaze, xolo reqtifikaciis procesSi

komponentebis molebis ricxvi praqtikulad ar icvleba), samuSao xazi

warmoadgens wrfes:

y = (L/G)x + (y0 - L⋅xK/G) (4.8)

ganawilebuli komponenti fazidan, sadac misi koncentracia metia

wonasworulze, gadadis fazaSi, sadac misi koncentracia naklebia

wonasworulze. samuSao xazis wonasworul diagramaze dataniT ganisazRvreba

masagadacemis mimarTuleba – Tu samuSao xazi wonasworuli diagramis

qveviTaa, komponenti gadadis Φx fazidan Φy fazaSi, Tu zeviT-piriqiT.

4.1. masagadacemis siCqare.

masagadacema gulisxmobs nivTierebis gadatanas erTi fazis SigniT

fazaTa gamyof zedapiramde (masagacema) da Semdgom, gamyofi zedapiris gavliT

masagacemas meore fazis SigniT. nivTierebis gadatana fazis SigniT SeiZleba

rogorc mxolod molekuluri difuziis gziT, aseve konveqciiTa da

molekuluri difuziiT erTdroulad (konveqciuri masacvla anu konveqciuri

difuzia).

molekuluri difuzia aRiwereba fikis pirveli kanoniT:

dM = -D⋅df⋅dτ⋅dc/dn (4.1.1)

anu nivTierebis masis xvedriTi nakadi zedapiris erTeulze:

qM = M/Fτ  = -D⋅dc/dn (4.1.2)

Tavisi struqturiT igi waagavs furies kanons (3.1.1). D-s [m2/wm] ewodeba

molekuluri difuziis an difuziis koeficienti. igi warmoadgens fizikur

konstantas, romelic axasiaTebs mocemuli nivTierebis molekulebis mocemul

areSi SeRwevis unars. TviT am nivTierebisa da aris fizikur TvisebebTan

erTad misi sidide damokidebulia temperaturasa da wnevaze. airebis airad

areSi difuziis koeficienti icvleba zRvrebSi 0.1 – 1 sm2/wm, airis siTxeSi

difuziisas ki 104-105 –jer naklebia. turbulenturi difuziis pirobiTi

koeficienti ε0 ar warmoadgens fizikur  mudmivas da damokidebulia

hidrodinamikur reJimze.

konveqciuri masacvlis diferencialuri gantolebis gamoyvana xdeba

konveqciuri Tbocvlis gantolebis (3.3.5) msgavsad da aqvs saxe:
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∂c/∂τ + wx ∂c/∂x+ wy ∂c/∂y + wz ∂c/∂z = D(∂2c/∂x2+∂2c/∂y2+∂2c/∂z2) (4.1.3)

anu dc/dτ = ∂c/∂τ + w grad c = D∇2c (4.1.4)

uZravi arisaTvis igi gamosaxavs molekuluri difuziis gantolebas

(fikis meore kanons):

∂c/∂τ = D∇2c (4.1.5)

masagadacemis procesSi nivTierebis gadatana nakadis birTvSi xdeba

ZiriTadad turbulenturi pulsaciebis gavleniT, sasazRvro fenaSi xdeba

turbulentobis CaxSoba da fazaTa gamyof zedapirTan miaxloebisas

koncentracia mkveTrad icvleba, uSualod zedapirTan gadatana ganisazRvreba

molekuluri difuziis siCqariT da Zlier Senelebulia, koncentraciul

profils aqvs xazovani saxe. masagadacemis meqanizmis gavrcelebuli

gamartivebuli sqemebis Tanaxmad fazaTa Soris masis gadatanis sruli

winaaRmdegoba ganisazRvreba TviToeul fazis mxridan winaaRmdegobiT da

fazaTa gamyofi zedapiris winaaRmdegobiT (romelic xSir SemTxvevaSi

umniSvneloa), xolo gamyof zedapirze fazebi imyofebian wonasworobaSi.

masagacemis gantolebebSi procesis siCqaris mamoZravebel Zalad miRebulia

fazis birTvSi da gamyof zedapirze koncentraciaTa sxvaoba:

Φx fazisaTvis: M = βxF(x’-x) (4.1.6)

Φy fazisaTvis: M = βyF(y-y’) (4.1.7)

masagacemis koeficienti β warmoadgens kinetikur maxasiaTebels da

damokidebulia fazis fizikur Tvisebebsa da hidrodinamikur pirobebze. misi

ganzomileba damokidebulia erTeulTa sistemis SerCevasa da koncentraciebis

gamosaxvis xerxze:

[β] = [kg/(m2 wm mamoZr.Zalis erT.)] (4.1.8)

Tu mamoZravebeli Zala gamosaxulia moculobiT koncentraciaTa sxvaobiT:

[β] = [m/wm] (4.1.9)

masagadatanis procesebis msgavsebis kriteriumebi miiRebian fikis

kanonebis, masagacemis gantolebisa da konveqciuri masacvlis diferencialuri

gantolebebis msgavsi gardaqmnebis safuZvelze, Tbogadacemis procesebis

analizis analogiurad (3.4):

 NNu’ = βl/D (4.1.10)

warmoadgens nuseltis difuziur kriteriums (xSirad uwodeben Servudis

kriteriums Sh).
furies difuziuri kriteriumi N Fo’ = τl/D (4.1.11)

pekles difuziuri kriteriumi N Pe’ = wl/D (4.1.12)

prandtlis difuziuri kriteriumi Pr’ = µ/(ρD) (4.1.13)

ganzogadoebuli kriterialuri gantoleba Caiwereba:

Nu’ = f(Fo’, Pe’, Re, Fr, Г1, Г2 …) (4.1.14)

an Nu’ = f1(Fo’, Re, Pr’, Ga, Г1, Г2 …) (4.1.15)

damyarebuli reJimisaTvis gamoiricxeba Fo’ , xolo simZimis Zalis

ugulvebelyofisas Ga.
zogadad, gadatanis procesebis Seswavla xdeba impulsis, siTbosa da

masagadacemis procesebs Soris analogiis safuZvelze.

masacvla myar da moZrav Txevad fazebs Soris (adsorbcia, Sroba,

eqstraqcia myari masalebidan) Sedgeba ori procesisagan – ganawilebuli

nivTierebis gadanacvleba myari sxeulis forebSi fazaTa gamyof zedapirisken

(an piriqiT) Sinagani masagacemis anu masagamtarobis Sedegad  da igive

nivTierebis gadatana siTxeSi gare masagacemis Sedegad. nivTierebis gadatana

myari masalis fenaSi warmoadgens daumyarebel process. masagamtarobis

procesi aRiwereba  fikis pirveli kanonis (4.1.1) analogiuri gantolebiT,

masagamtarobis koeficienti DM warmoadgens Sinagani difuziis koeficients.
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masagamtarobis diferencialuri gantoleba ki msgavsia fikis meore kanonis

(4.1.5).  myari da Txevadi fazebis sazRvarze gadatanis pirobebs aRwers

msgavsebis difuziuri kriteriumi bio:

Bi’ = βl/DM (4.1.16)

procesis daumyarebeli xasiaTTan dakavSirebiT procesis analizisaTvis

didi mniSvneloba eniWeba furies difuziur kriteriums Fo’. myar fazaSi

difuziis procesebi da myar sxeulebSi temperaturis cvlileba aRiwerebian

identuri saangariSo formulebiT da grafikebiT.

masagadacemis ZiriTadi gantoleba gansazRvravs fazidan fazaSi gamyofi

zedapiris gavliT drois erTeulSi gadatanili nivTierebis masas:

M = KyF(y-y*) = KxF(x*-x) (4.1.17)

procesis mamoZravebeli Zala gamosaxulia samuSao da wonasworul

koncentraciaTa sxvaobiT, masagadacemis koeficientebi Kx, Ky gamoisaxeba

fazebis koncentraciebis mixedviT, xolo maTi ganzomileba analogiuria

masagacemis koeficientebisa (4.1.8).

fazebis koncentraciebi icvlebian maTi moZraobisas gamyofi zedapiris

gaswvriv, Sesabamisad masagadacemis ZiriTad gantolebaSi Caismeba saSualo

mamoZravebeli Zalebi ∆y, ∆x.
masagadacemis koeficientebi gamoisaxebian fazuri winaaRmdegobebis

aditiurobis gantolebiT masagacemis koeficientebiT:

1/Ky =1/βy + m/βx (4.1.18)

1/Kx =1/βx + 1/mβy (4.1.19)

mravali tipis masacvlis aparatSi masagacemis da masagadacemis

koeficientebs miakuTvneben ara fazaTa kontaqtis zedapirs F, aramed aparatis
muSa moculobas V fazaTa kontaqtis xvedriTi zedapiris a gaTvaliswinebiT:

F = aV (4.1.20)

sidideebs βV=aβ, KV=aK Sesabamisad uwodeben masagacemisa da masagadacemis

moculobiT koeficientebs.

masagadacemis procesis mamoZravebeli Zalis gansazRvrisaTvis

ganvixiloT masagadacema winaRdeniTi sveturi aparatis elementarul farTze:

 dM = G dy=Ky(y-y*)dF (4.1.21)

cvladebis gancalebisa da integrirebis Semdeg miviRebT:

yk∫y0 dy/(y-y*) = (Ky/G)F (4.1.22)

materialuri balansidan M = G(y0-yK), Sesabamisad:
yk∫y0 dy/(y-y*) = (KyF/M)(y0-yK) (4.1.23)

masagadacemis ZiriTad gantolebasTan SedarebiT vRebulobT:

∆y = (y0-yK )/ yk∫y0 dy/(y-y*) (4.1.24)

kerZo SemTxvevaSi, rodesac wonasworobis mrudi wrfivia, (4.4)

gaTvaliswinebiT saSualo mamoZravebeli Zala ganisazRvreba Tbocvlis

analogiuri formuliT:

∆y = (∆ymax-∆ymin)/ ln(∆ymax/∆ymin) (4.1.25)

gamosaxulebebs:

yk∫y0 dy/(y-y*) = (y0-yK)/ ∆y = KyF/G = noy (4.1.26)

x0∫xk dx/(x*-x) = (xk-x0)/ ∆x = KxF/L = nox (4.1.27)

ewodebaT gadatanis erTeulTa ricxvi. gadatanis erTeuli axasiaTebs

aparatis ubans, romlisTvisac erT-erTi fazis koncentraciis cvlileba

tolia saSualo mamoZravebeli Zalisa am ubanze. gadatanis erTeulTa saerTo

ricxvi SeiZleba gamoisaxos calkeul fazebSi gadatanis erTeulTa ricxvebis

saSualebiT:
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yk∫y0 dy/(y-y’) =  βyF/G = ny (4.1.28)

x0∫xk dx/(x’-x) = βxF/L = nx (4.1.29)

1/noy = 1/ny + mG/(nxL) (4.1.30)

L/mG ewodeba masagadacemis procesis faqtori (mag. absorbciuli an

eqstraqciuli faqtori).

gadatanis erTeulTa ricxvi SeiZleba gaangariSebuli iqnas grafikuli

integrirebis meTodiT wonasworobis mrudis gaTvaliswinebiT.

sidides h0y = H/noy = HG/(KyF) (4.1.31)

ewodeba gadatanis erTeulis simaRle anu g.e.s. rusulad ВЕП.
fazidan fazaSi gadasuli masis fardobas maqsimalurad SesaZlo

masasTan ewodeba amowvlilvis an gamdidrebis koeficienti.

ϕ = (y0-yK)/(y0-yK*) (4.1.32)

4.2. masacvlis aparatebis ZiriTadi zomebis gansazRvra.

masacvlis aparatebis teqnologiuri gaangariSebisas unda ganisazRvros

maTi ZiriTadi zomebi – diametri gansazRvravs aparatis mwarmoeblobas, muSa

simaRle (sigrZe) asaxavs procesis intensivobas.

aparatis diametri ganisazRvreba xarjis gantolebis Tanaxmad:

D = √(4Q/πw0) (4.2.1)

uwyveti fazis fiqtiuri siCqaris w0 SerCevisas saWiroa gaTvaliswinebuli

iqnas rigi faqtorebi: masagadacemis koeficientisa da zogjer kontaqtis

farTis zrda siCqaresTan erTad, aseve hidravlikuri winaaRmdegobis zrda.

SerCeuli unda iqnas teqniko-ekonomiurad optimaluri siCqare. Cveulebriv

siCqaris SezRudvas ganapirobebs aparatis daxrCobis reJimi an Sxefwataceba

da igi miiReba zRvruli siCqaris 80-90%.

aparatis simaRlis gansazRvisas mxedvelobaSi miiReba, fazaTa kontaqti

aparatSi uwyvetia Tu safexurovani.

fazebis uwyveti kontaqtis dros aparatis simaRle SeiZleba

ganisazRvros masagadacemis gantolebis safuZvelze (xSirad masagadacemis

moculobiTi koeficientis gamoyenebiT):

M = Ky⋅a⋅V⋅∆y = Kyv⋅V⋅∆y=Kx⋅a⋅V⋅∆x = Kxv⋅V⋅∆x (4.2.1)

aparatis muSa moculobaa V=SH , Sesbamisad:

H = M/(Ky⋅a⋅S⋅∆y) = M/(Kx⋅a⋅S⋅∆x) (4.2.2)

aparatis simaRle ganisazRvreba agreTve gadatanis erTeulTa ricxvisa

da gadatanis erTeulis simaRlis mixedviT:

H = hoy⋅noy = hox⋅nox (4.2.3)

safexurebiani sakontaqto aparatebis, kerZod TefSebiani svetebis

simaRle zogjer agreTve ganisazRvreba masagadacemis moculobiTi

koeficientis mixedviT, magram xSirad moZravi qafis moculobis gansazRvris

siZnelis gamo masagadacemis koeficients miakuTvneben TefSis muSa farTis

erTeuls:

M = Kys⋅ST⋅∆y = Kyv⋅V⋅∆y= Ky⋅FT⋅∆y = Kxs⋅ST⋅∆x =  ... (4.2.4)

TefSebis ricxvis mixedviT aparatis simaRlis gansazRvrisas TefSebis

ricxvi rig SemTxvevaSi SeiZleba ganisazRvros analizuri meTodiT,

ZiriTadad ki teqnikuri angariSebisaTvis mimarTaven grafikul meTodebs.

gavrcelebuli meTodebi emyarebian koncentraciis cvlilebis Teoriuli

safexuris anu Teoriuli TefSis cnebas. aseTi TefSi Seesabameba aparatis

hipoTetur ubans siTxis sruli SereviT, xolo gamomavali fazaTa

koncentraciebi miCneulia wonasworulad. realurad n-uri safexurisaTvis

safexuris efeqturoba gamoisaxeba:

Ep = (yp-yp+1)/(yp-yp*) (4.2.5)
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koncentraciis cvlilebis Teoriuli safexurebi

aigebian samuSao xazsa da wonasworul mrudebs Soris.

Teoriuli safexurebidan realurze gadasvlisaTvis

gamoiyeneba aparatis (TefSis) margi qmedebis

koeficienti:

n = nT/η (4.2.6)

η iTvaliswinebs masacvlis realur kinetikas TefSebze,

romlebzec arasdros ar miiRweva wonasworoba. misi

mniSvneloba ganisazRvreba eqsperimentalurad da

icvleba zRvrebSi 0.3-0.8.

Teoriuli TefSebis meTodi zogjer gamoiyeneba uwyvetkontaqtiani

masacvlis aparatebis (mag. wyoburiani svetebis) simaRlis gansazRvrisaTvisac.

am dros wyoburis muSa simaRle ganisazRvreba erTi Teoriuli safexuris an

Teoriuli TefSis eqvivalenturi simaRlis (T.s.e.s. an T.T.e.s., rusulad ВЭТС
an ВЭТТ) he-s mixedviT, romelsac gansazRvraven eqsperimentalurad.

H = nT⋅he (4.2.7)

 Teoriuli safexuris eqvivalenturi simaRle unda ganvasxvavoT

gadatanis erTeulis simaRlisgan. isini tolia samuSao xazisa da

wonasworuli xazis toli daxrilobisas. zogadad he damokidebulia

wonasworobis xazis daxris kuTxeze da mrudis SemTxvevaSi sxvadasxva

safexurisaTvis sxvadasxva sididea. am nakls moklebulia gaangariSebis

meTodi gadatanis erTeulis simaRlis gamoyenebiT.

4.3. absorbcia.

absorbciuli procesebi farTod arian gavrcelebuli qimiur

teqnologiaSi da warmoadgenen mravali warmoebis ZiriTad teqnologiur

stadias.

wonasworobis  pirobebSi mudmiv temperaturaze da saerTo wnevaze airis

parcialur wnevasa da Txevadi fazis Semadgenlobas Soris calsaxa

damokidebuleba gamoisaxeba henris kanoniT:

PA* = E⋅xA (4.3.1)

henris koeficientis E temperaturuli damokidebulebas aqvs saxe:

ln(E) = -q/RT+C (4.3.2)

q - gaxsnis diferencialuri siTboa.

Tu gaviTvaliswinebT damokidebulebas molur koncentracias,

parcialur da saerTo P wnevebs Soris:
yA* = (E/P)⋅xA = mxA (4.3.3)

 absorbciis materialuri balansi gamoisaxeba:

G(y0-yK) = L(xK-x0) (4.3.4)

absorbciis procesis samuSao xazi warmoadgens wrfes,

romlis daxris kuTxis tangensi tolia absorbentis

xvedriTi xarjis l=L/G (Sd. 4.8). Teoriuli minimaluri

xarji ganisazRvreba samuSao xaziT, romelic exeba

wonasworobis mruds (Sexebis wertilSi mamoZravebeli

Zala nuls utoldeba).

absorbentis xvedriTi xarjis zrda amcirebs

aparatis saWiro simaRles da moiTxovs diametris zrdas. absorbentis

optimaluri xvedriTi xarji dgindeba teqniko-ekonomikuri gaangariSebebis

Sedegad.

absorbciis siCqare xasiaTdeba gantolebebiT (4.1.17), (4.1.18), (4.1.19). kargad

xsnadi airebisaTvis 1/βy>>m/βx da masagadacemis siCqare ganisazRvreba airadi
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fazis difuziuri winaaRmdegobiT (Ky≈ βy), xolo cudad xsnadi airebisTvis

1/βx>>1/mβy da procesis siCqare limitirebulia Txevadi fazis difuziuri

winaaRmdegobiT (Kx≈ βx). procesis mamoZravebeli Zala SeiZleba gamosaxuli

iqnas parcialuri wnevebiTac.

qimiuri reaqciis TanxlebiT mimdinare masacvlis procesis siCqare

iangariSeba masacvlis daCqarebis faqtoris Φ gaTvaliswinebiT:

βx’ = Φ βx (4.3.5)

am dros procesis calkeuli stadiebis siCqareebis mixedviT miiCneven, rom igi

mimdinareobs difuziur, kinetikur an Sereul areebSi.

4.3.1. absorbciuli aparatebis konstruqciebi.

zedapiruli absorberebi gamoiyenebian kargad xsnadi airebis

STanTqmisaTvis. maTSi airi moZraobs praqtikulad uZravi siTxis zedapiris

zeviT. xSirad aparatebs aerTeben mimdevrobiT. gamoyofili siTbos asarTmevad

aparatebSi ayeneben klaknilebs an maT aTavseben gamdinare wylian WurWlebSi.

ufro srulyofili aparatebi Sedgebian horizontaluri milebis rigebisgan,

romlebic garedan wyliT irwyvebian. firfitovani absorberi Sedgeba arxebis

ori sistemisagan: didi kveTis arxebSi winaRi deniT moZraoben airi da

absorbenti, mcire kveTis arxebSi ki gamaciebeli agenti (wyali). zedapiruli

absorberebi xasiaTdebian naklebi efeqturobiT da didi zomebiT.

afskuri absorberebi ufro kompaqturebia. kontaqtis zedapirebs

warmoqmnian siTxis afskebi. mag. milovani absorberi konstruqciulad

warmoadgens garsacmmilovan Tbomcvlels, romlis milebSi Sida kedlebze

airis Semxvedrad Camoedineba siTxis afski, milTaSoris sivrceSi ki moZraobs

gamaciebeli agenti. brtyel-paralelur

wyoburian absorberSi siTxis afski Camoedineba

myari masalis firfitebze an daWimul qsovilze.

wyoburiani absorberebi farTod arian

gavrcelebuli warmoebaSi. isini warmoadgenen

sxvadasxva formis myari sxeulebiT (wyoburiT)

Sevsebul svetebs. wyoburi dayrili an

dalagebulia sayrden gisosze. kontaqtis

ZiriTad farTobs warmoqmnis wyoburis sveli

zedapiri. wyoburis umniSvnelovanesi

maxasiaTeblebia xvedriTi zedapiri a [m2/m3] da

Tavisufali moculoba vTav [m3/m3] (ix. agreTve

2.3.15.).

wyoburiani absorberebi SeiZleba

muSaobdnen sxvadasxva reJimebSi: afskuri reJimi

SeiniSneba morwyvis mcire simkvrivisaTvis. am

dros Sekavebuli siTxis raodenoba TiTqmis ar

aris damokidebuli airis nakadze. airis siCqaris
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zrdasTan erTad xaxunis Sedegad izrdeba Sekavebuli siTxis raodenoba da

iwyeba dakidebis reJimi. izrdeba sveli zedapiric da masacvlis intensivobac.

emulgirebis reJimi iwyeba wyoburis Tavisufal moculobaSi siTxis

dagrovebis Sedegad. Camodenil siTxesa da aRmaval airs Soris xaxunis Zala

awonasworebs siTxis wonas da xdeba fazaTa inversia (siTxe xdeba uwyveti

faza, xolo airi dispersuli). air-siTxis dispersuli sistema emsgavseba qafs

an emulsias. am dros xdeba svetis hidravlikuri winaRobis mkveTri zrda.

emulgirebis reJimi Seesabameba masacvlis svetebis maqsimalur efeqturobas.

Cveulebriv wyoburian svetebSi emulgirebis reJimi aramdgradia da gadadis

daxrCobis reJimSi. watacebis reJimi, rodesac siTxe waritaceba gamavali

airiT, praqtikaSi ar gmoiyeneba. airis zRvruli siCqare, romelic Seesabameba

datvirTvis (daxrCobis) zRvars, ganisazRvreba gantolebiT:

lg[(w2a/gvT3)(ρy/ρx)µx
0.16] =0,079 – 1.75(L/G)0.25(ρy/ρx)0.125      

(4.3.1.1)

masagacemis koeficientebis gamosaTvlelad wyoburian absorberebSi

afskuri reJimisaTvis SeiZleba Semdegi kriterialuri formulebis gamoyeneba:

airadi fazisaTvis:

Nu’ = 0.407 Re0.655 Pr0.33
(4.3.1.2)

Txevadi fazisaTvis:

Nu’ = 0.0021 Re0.75 Pr0.5
(4.3.1.3)

naxatze gamosaxulia

wyoburis sxvadasxva tipebi,

xolo cxrilSi moyvanilia

zogierTi tipis wyoburis

maxasiaTeblebi.

wyoburi zomebi, mm a, m2/m3 vT, m3/m3 xv.wona

kg/m3

raSigis rgolebi (yrili,ker) 15X15X2 330 0.7 690

raSigis rgolebi (yrili,ker) 25X25X3 200 0.74 530

raSigis rgolebi (yrili,ker) 50X50X5 90 0.785 530

raSigis rgolebi (dawy) 50X50X5 110 0.735 650

raSigis rgolebi (dawy) 80X80X8 80 0.72 670

raSigis rgolebi (dawy) 100X100X10 60 0.72 670

raSigis rgolebi (yr. fol) 15X15X0.5 350 0.92 660

raSigis rgolebi (yr. fol) 25X25X0.8 220 0.92 430

raSigis rgolebi (yr. fol) 50X50X1 110 0.95 430

palis rgolebi, keramik. 25X25X3 220 0.74 610

palis rgolebi, foladis 25X25X0.6 170 0.9 455

berlis unagirebi, keram. 20 310 0.69 800

berlis unagirebi, keram. 25 250 0.7 720

qorduli, xis, bijiT 10 mm. 100X100 100 0.55 210

wyoburiani svetebis mTavari Rirsebebia mowyobilobis simartive da

mcire hidravlikuri winaRoba. uaryofiTi mxareebia: Zneldeba siTbos arTmeva,
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wyoburis cudi dasveleba morwyvis mcire simkvrivisas. wyoburiani svetebi

gamousadegaria gawuWyianebul airebTan muSaobisas. am mizniT SesaZlebelia

e.w. “mcuravi” wyoburis gamoyeneba, romlis msubuqi elementebi airis maRal

siCqarisas gadadian Sewonil mdgomareobaSi.

barbotaJuli (TefSebiani) absorberebi warmoadgenen

vertikalur svetebs, romlebSic erTmaneTisgan garkveul

manZilze ganlagebulia horizontaluri tixrebi – TefSebi.

barbotaJul TefSebze airebis mcire siCqarisas adgili aqvs

buStukovan hidrodinamikur reJims, fazaTa kontaqtis

zedapiri maqsimaluria qafiani reJimis dros, xolo Wavluri

(inJeqciuri) reJimisas airis Wavlebi gamodian barbotaJuli

fenidan da warmoqmnian Sxefebs, am dros mkveTrad mcirdeba

fazaTa kontaqtis zedapiri.

gavrcelebulia svetebi cxriluri TefSebiT da

xufebiani TefSebiT. cxriluri TefSebis nakls warmoadgens

siTxis sruli Camocla airis nakadis sagrZnobi

Semcirebisas.

cxriluri TefSebisaTvis airis minimaluri siCqare, rodesac muSaobs

yvela naxvreti, iangariSeba formuliT:

w = 0.667vT √(2gρxh0/ςρy) (4.3.1.4)

h0 -siTxis fenis simaRlea, ς - mSrali TefSis hidravlikuri winaaRmdegobis

koeficienti.

xufebiani TefSebisaTvis airis siCqare

xufebis h simaRlis WrilebSi, romlis drosac

xufebi mTlianad ixsnebian, iangariSeba:

w = 0.6 √(2gρxh/ρy) (4.3.1.5)

TefSebs Soris manZili saorientaciod

SeiZleba SerCeuli iqnas standartuli

mniSvnelobebidan 200, 250, 300, 350, 400, 450, 500, 550,

600, 700 mm aparatis diametris mixedviT hT ≈
0.33D.

TefSebze mniSvnelovan funqcias asruleben

TefSidan TefSze Casadeni mowyobilobebi (milebi

an tixrebi). arseboben agreTve TefSebi Casadeni mowyobilobebis gareSe

(vardniliani TefSebi), romlebzec siTxe vardeba imave WrilebSi,

romlebidanac amodis airi.

gamfrqvev absorberebSi xdeba siTxis gafrqveva zeda nawilSi. wveTebis

koalescenciis gamo fazaTa kontaqtis zedapiri TandaTan mcirdeba. aseTi

aparateba xasiaTdebian mcire hidravlikuri winaaRmdegobiT da iZleva WuWyian

mtvrian airebTan muSaobis SesaZleblobas, Tumca gafrqveuli siTxis

sisufTave aucilebeli pirobaa. uaryofiTi mxareebia dabali efeqturoba da

siTxis didi xarjis aucilebloba. gacilebiT efeqturia venturis pirdapiri

dinebis absorberi, romelSic siTxe waritaceba da gaifrqveva didi siCqaris

airis nakadiT, romelsac scildeba separaciul kameraSi.

aborbciuli danadgarebi SeiZleba moewyon winaRi an pirdapiri denebis

principiT, ramdenime korpusiani sxvadasxva sqemebiT, SeiZleba gamoyenebuli

iqnas nakadebis recirkulacia da recirkulacia-desorbcia.

desorbciis procesi SeiZleba ganxorcieldes gamoqrolviT inertuli

airis an orTqlis nakadSi, absorbentis gacxelebiT an wnevis SemcirebiT.
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4.4. siTxeebis gamoxda.

siTxeebis gamoxda zogadad warmoadgens gasayofi narevis nawilobrivi

aorTqleba-kondensaciis process, romlis Sedegadac icvleba siTxis

Semadgenloba. orTqlSi gadadis SedarebiT meti advilaqroladi komponenti

(duRilis naklebi temperaturiT), darCenili siTxe ki mdidrdeba

Zneladaqroladi komponentiT (duRilis maRali temperaturiT). am siTxes

ewodeba narCeni, xolo orTqlis kondensats – distilati an reqtifikati.

martivi gamoxdis dros xdeba Txevadi narevis erTjeradi nawilobrivi

aorTqleba-kondensacia. reqtifikacia ki aqroladi siTxeebis narevebis

gayofis procesia arawonasworul Txevad da orTqlis fazebs Soris ormxrivi

masa- da Tbocvlis gziT. igi Cveulebriv xorcieldeba svetur aparatebSi

fazaTa kontaqtis gziT. svetis zeda nawilidan gamomavali orTqlis

kondensati iyofa produqtad (distilatad) da flegmad, romelic brundeba

svetis mosarwyavad. svetis Ziridan Camonadeni siTxis nawili orTqldeba

orTqlis aRmavali nakadis misaRebad.

fazaTa wesis Tanaxmad orkomponentiani sistemis Tavisuflebis xarisxia

2, e.i. 3 damoukidebeli cvladidan: t, p da erT-erTi fazis koncentracia,

SeiZleba SevarCioT nebismieri ori, am dros mesame parametri ganisazRvreba

calsaxad. aseT damokidebulebas gamosaxaven fazuri diagramebiT.

erTmaneTSi SeuzRudavad xsnadi siTxeebis idealuri

xsnarebi emorCilebian raulis kanons – TviToeuli

komponentis parcialuri wneva proporciulia siTxeSi am

komponentis moluri wilis, amasTan proporciulobis

koeficienti tolia am komponentis najeri orTqlis

wnevisa mocemul temperaturaze.

pA = PAxA (4.4.1)

pB = PB (1-xA) (4.4.2)

pA + pB = P (4.4.3)

pA = PyA (4.4.4)

yA* = (PA/P)yA (4.4.5)

naxazze gamosaxulia t-x-y diagrama. idealuri xsnarebisTvis:

yA* = αxA/[1+(α-1)xA] (4.4.6)

α = PA/PB narevis komponentebis fardobiTi aqroladobaa.

realuri xsnarebi ar emorCilebian raulis kanons.

gadaxra SeiZleba iyos dadebiTic da uaryofiTic. zogi

narevisTvis gamovlindeba Tvisobrivad axali movlenac,

mag. narevis zogierT Semadgenlobas Seesabameba imave

Semadgenlobis orTqli. aseT narevebs ewodebaT

azeotropuli (mag. eTilis spirti – wyali).

erTmaneTSi uxsnad siTxeebs gaaCniaT Tavisuflebis

erTi xarisxi. e.i. TviToeuli komponenetis parcialuri

wneva ar aris damokidebuli mis Semcvelobaze narevSi da

tolia misi najeri orTqlis wnevisa mocemul

temperaturaze. narevis duRilis mudmivi temperatura yovelTvis naklebia

sufTa komponentebis duRilis temperaturebze. es efeqti gamoiyeneba wyalSi

uxsnadi nivTierebebis gamoxdisas wylis orTqliT.

yA = PA/P;  yB = PB/P (4.4.7)

erTmaneTSi nawilobriv xsnadi siTxeebis narevebSi koncentraciebis

garkveul zRvrebSi isini warmoqmnian erTmaneTSi uxsnadi siTxeebis or fenas

da iqcevian rogorc erTmaneTSi uxsnadi siTxeebi.

martivi gamoxdis gantolebas aqvs saxe:
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ln(F/W) = xw∫xfdx/(y*-x) (4.4.8)

F sawyisi narevis, xolo W – kuburi narCenis raodenobebia, xW, xF
advilaqroladi komponentis koncentraciebia.

distilatis saSualo Semadgenloba tolia:

xD = (F⋅xF-W⋅xW)/(F-W) (4.4.9)

uwyveti qmedebis sareqtifikacio svetis

materialuri balansi Caiwereba:

GF = GD + GW (4.4.10)

GF⋅xF = GD⋅xD + GW ⋅xW (4.4.11)

indeqsebiT F, D, W aRniSnaven Sesabamisad kvebis,

distilatis da kuburi narCenis nakadebs. Tu gamovsaxavT

fardobiT xarjebs distilatis mimarT:

F = GF/GD (4.4.11)

W = GW/GD (4.4.12)

R = GR/GD (e.w. flegmis ricxvi) (4.4.13)

Sesabamisad materialuri balansi SeiZleba Caiweros:

F = 1 + W (4.4.14)

F⋅xF = xD + W⋅xW (4.4.15)

samuSao xazis gantoleba svetis zeda

(gamamagrebeli) nawilisaTvis:

y = x⋅R/(R+1) + xD/(R+1) (4.4.16)

svetis qveda (amomwuravi) nawilisaTvis:

y = x⋅(R+F)/(R+1) + xW(F-1)/(R+1) (4.4.17)

flegmis minimaluri ricxvi Rmin ganisazRvreba samuSao xaziT, romelic

Seexeba wonasworobis mruds. flegmis muSa ricxvs gansazRvraven flegmis

siWarbis koeficientis ϕ mixedviT:

R = ϕ⋅Rmin (4.4.18)

xSirad iyeneben saorientacio formulas:

R = 1.3⋅Rmin+0.3 (4.4.19)

ekonomikurad optimaluri flegmis ricxvis dasadgenad

iTvaliswineben Sesabamisi aparatebis zomebs, energiisa

da saeqspluatacio xarjebs.

perioduli reqtifikaciis dros xdeba sawyisi narevis

CatvirTva kubSi da misi gamoxda. Tu procesi tardeba

flegmis mudmivi ricxvisas, distilatis koncentracia

TandaTan mcirdeba (samuSao xazi paralelurad

gadainacvlebs qveviT). produqtis mudmivi Semadgenlobis

SesanarCuneblad TandaTanobiT zrdian flegmis ricxvs

(amcireben produqtis arTmevas). diagramaze samuSao xazi

mobrundeba xD,yD wertilis garSemo.

Tburi balansis safuZvelze iangariSebian deflegmatorSi arTmeuli siTbos

raodenoba QD da kub-amaorTqlebelSi miwodebuli siTbos xarji QK:

QD = GD (1+R)rD (4.4.20)

QK = QD + GDcDtD + GWcWtW – GFcFtF + Qdan (4.4.21)

svetis diametri iangariSeba orTqlis fiqtiuri siCqaris mixedviT (4.2.1),

(4.3.1.1). TefSebiani svetebisTvis orTqlis siCqaris gaangariSeba SeiZleba

formuliT:

w = C √[(ρL-ρG)/ρG] (4.4.22)

koeficienti C ganisazRvreba specialuri diagramidan TefSebs Soris

manZilis h mixedviT.
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TefSebiani svetis simaRlis gansazRvra xdeba TefSebis ricxvis

mixedviT, risTvisac grafikuli meTodiT unda ganisazRvros Teoriuli

TefSebis ricxvi nT svetis orive nawilisaTvis cal-calke:

H = h(n-1) = h(nT/η -1) (4.4.23)

wyoburian svetSi wyoburis fenis simaRle afskuri reJimisasTvis

ganisazRvreba svetis orive nawilisaTvis cal-calke masagadacemis

koeficientis Ky an gadatanis erTeulTa noy ricxvisa da gadatanis erTeulis

eqvivalenturi simaRlis hoy mixedviT (4.1.26), (4.2.2), (4.2.3):

 H = (G/KySaψ)⋅y1∫ y2 dy/(y*-y) = hoy⋅noy (4.4.24)

ψ wyoburis dasvelebis xarisxia.

SedarebiT martivad SeiZleba wyoburis fenebis simaRleebis gansazRvra

Teoriuli TefSis eqvivalenturi simaRlis he da grafikuli meTodiT

gansazRvruli Teoriuli TefSebis ricxvebis mixedviT svetis calkeuli

nawilebisaTvis:

H = he⋅nT (4.4.25)

wyoburis eqvivalenturi simaRle emulgirebis reJimSi SeiZleba gamoiTvalos

formuliT:

he/dэ = 5.2⋅ReG
0.2⋅(G/L)0.35⋅(ρL/ρG)0.2⋅lg(L/mG)/(1-mG/L) (4.4.26)

gamoxdis specialuri xerxebi gamoirCevian rig specifikiT:

azeotropuli reqtifikaciis dros gasayof narevs emateba damatebiTi

komponenti (gamyofi agenti), romelic sawyisi narevis erT an ramdenime

komponentTan qmnis azeotropul narevs, romelic svetidan gamoixdeba. mag.

narevs eTilis spirti-wyali umateben benzols, azeotropuli narevis

gamoxdis Semdeg kubSi rCeba sufTa eTilis spirti.

eqstraqciuli reqtifikaciisas gamyofi agenti unda iyos sawyisi narevis

komponentebze ufro Zneladaqroladi da ar unda warmoqmnides maTTan

azeotropebs. gamyofi agenti svetidan gaiyvaneba kubur narCenTan erTad. mag.

benzolisa da cikloheqsanis narevis gasayofad mas emateba fenoli.

molekuluri distilacia xorcieldeba vakuumis qveS, amasTan

aorTqlebisa da kondensaciis zedapirebs Soris manZili unda iyos

molekulaTa saSualo ganarbenis rigis. gayofis efeqti ganpirobebulia ara

fardobiTi aqroladobiT α (4.4.6) wonasworobis pirobebSi, aramed narevis

komponentebis aorTqlebis siCqareTa fardobiT, romelic √(M2/M1) –jer metia.

es xerxi gamoiyeneba zogierTi Zvirfasi produqtebis (ZiriTadad bioqimiuri)

gamosayofad, romlebic duRilis dros SeiZleba daiSalon.

dabaltemperaturuli reqtifikacia xorcieldeba gaTxevadebuli airebis

(mag. haeris) gasayofad dabali temperaturisa da maRali wnevis pirobebSi.

procesis ZiriTadi kanonzomierebani msgavsia zogadad reqtifikaciisa. gayofa

xorcieldeba an erTsvetian, an orsvetian aparatebSi, romlebSic erTi sveti

muSaobs ufro maRali wnevis pirobebSi.

magaliTi. gamovTvaloT eTilis spirtis sareqtifikacio wyoburiani svetis

ZiriTadi zomebi. sveti gankuTvnilia 500 dl/dR 92%(won) produqtis misaRebad

35%(won) xsnaridan. spirtis Semcveloba kubur narCenSi ar unda aRematebodes

0.2%(won). wyoburad gamoyenebuli unda iyos keramikuli raSigis rgolebi

zomebiT 15X15X2 mm.

saangariSod viyenebT specialur kompiuterul programas, romelic

sawyisi monacemebis Seyvanis Semdeg dialogur reJimSi atarebs saWiro

gaangariSebebs, maT Soris gamoiTvlis spirtis wyalxsnarebis fizikur

Tvisebebs da wonasworobis mruds. koncentraciis cvlilebis safexurebis

ricxvi iangariSeba analizurad da sailustraciod aigeba Sesabamisi grafiki.
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programa svetis ZiriTadi zomebis garda angariSobs energiisa da

gamacivebeli wylis xarjebs, agreTve deflegmatorisa da amaorTqleblis

Tbocvlis farTobebs da svetis hidravlikur winaaRmdegobas. zemoT

moyvanilia Sesabamisi gamoTvlebis kompiuteruli amonabeWdi.

4.5. eqstraqcia.

eqstraqcia ewodeba erTi an ramdenime komponentis gamowvlilvas

Txevadi an myari narevebidan calkeuli komponentebis mimarT seleqtiuri

gamxsneliT-eqstragentiT damuSavebis gziT. pirveladi gamxsnelis narCens
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eqstragirebadi komponentebis gamowvlilvis Semdeg uwodebeben rafinats,

xolo komponentebis miRebul xsnars meorad gamxsnelSi (eqstragentSi)

ewodeba eqstraqti. rafinati da eqstraqti warmoqmnian gancalkevebul fazebs.

eqstraqciis statikis amocanebi upiratesad ixsneba grafikuli gziT –

samkuTxa an marTkuTxa diagramebis daxmarebiT.

a samkuTxedis wveroebi Seesabameba sufTa komponentebs (A – pirvelad

gamxsnels, B – eqstragirebad komponents, C – eqstragents), gverdebi –

orkomponentian narevebs. wveroebze gamavali sxivebi Seesabameba ori sxva

komponentis mudmivi Tanafardobis narevebs, gverdebis paraleluri xazebi ki

mopirdapire wveros Sesabamisi komponentis mudmiv Semcvelobas. berketis

wesis Tanaxmad ori xsnaris Serevisas, romelTa Semadgenlobebi gamoisaxeba

raime wertilebiT a,b, narevis Semadgenloba xasiaTdeba c wertiliT, romelic

ab monakveTs yofs xsnarebis raodenobaTa ukuproporciul nawilebad.

naxazebze gamosaxulia tipobrivi sammagi sistemebi. b gamosaxavs

sistemas erTi, xolo c - ori erTmaneTSi nawilobriv xsnadi komponentebis

wyvilebiT. mrudi abcda’b’c’d’ sasazRvro (binodaluri) mrudia. mis SigniT

narevi Srevdeba or fazad, xolo gareT homogenuri xsnarebia. K kritikuli

wertilis marcxniv rafinatebis totia, xolo marjvniv – eqstraqtebis.

monakveTebi aa’, bb’, ... wonasworobis qordebia (konodebi). d naxazze

sistemisaTvis myari sxeuli-siTxe abcde sasazRvro mrudi axasiaTebs qveda

nakads (myari uxsnadi nivTierebis, eqstragirebadi komponentis da myari

nivTierebis forebSi darCenili gamxsnelis heterogenul narevs), mis marcxniv

gvaqvs samkomponentiani   heterogenuli narevebis are, marjvniv – ganSrevebis

are. zeda nakadis (eqstraqtis) sazRvaria BC.
 komponentis ganawilebis koeficients gamosaxaven woniTi procentebis

saSualebiT:

k = yB/xB ; k≠1 (4.5.1)

Tu SeiZleba pirveladi da meoredi gamxsnelebis urTierTxsnadobis

ugulvebelyofa, iyeneben marTkuTxa diagramebs fardobiTi masuri

koncentraciebis X,Y koordinatebSi.
jvaredin denSi eqstraqciisas  n-uri safexuris zogadi materialuri

balansi gamoisaxeba:

GR,n-1 + GS,n = GR,n + GE,n (4.5.2)

komponentis mimarT:

GR,n-1⋅xn-1 + GS,n⋅yS= GR,n⋅xn+ GE,n⋅yn (4.5.3)

indeqsi E- Seesabameba eqstraqts, S - eqstragents,
R – rafinats, F – sawyis narevs.
erTmaneTSi uxsnadi gamxsnelebisaTvis viyenebT

marTkuTxa diagramas.

pirveladi gamxsnelis raodenoba sawyis narevSi:

GA = GF(100 - xF)100 (4.5.4)

eqstragentis raodenoba eqstraqtSi:

GC,n = GS(100 - yS)100 (4.5.5)

n-uri safexuris samuSao xazis gantoleba Caiwereba:
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Yn = -(GA/GC,n)(Xn – Xn-1) + YS (4.5.6)

daxris kuTxe α ganisazRvreba:
tg α = GA/GC,n (4.5.7)

eqstraqciis safexurebis raodenoba ganisazRvreba samuSao xazebis ricxviT.

winaRdeniTi Txevadfazuri eqstraqciisas n-
safexuriani danadgaris zogadi materialuri

balansi Caiwereba:

GF + GS = GR + GE (4.5.8)

komponentis mimarT:

GF⋅xF  + GS⋅yS  = GR⋅xR + GE⋅yE (4.5.9)

erTmaneTSi uxsnadi sufTa gamxsnelebis raodenobebi GA,
GC yvela safexurze mudmivebia:

GA(XF – XR) = GC(YE – YS) (4.5.10)

samuSao xazis gantoleba Caiwereba:

Yn+1 = -(GA/GC)(Xn – XF) + YC (4.5.11)

tg α = GA/GC = (YF-YS)/(XF-XR) (4.5.12)

eqstraqciis Teoriul safexurebis ricxvi ganisazRvreba grafikulad,

absorbciisa da reqtifikaciis msgavsad.

saeqstraqcio aparatebi (eqstraqtorebi) sxva masacvlis aparatebis msgavsad,

fazaTa Soris kontaqtis mixedviT SeiZleba iyvnen safexurovani an

diferencialur-kontaqturi (fazaTa Semadgenlobis praqtikulad uwyveti

cvlilebiT). procesis organizaciis principis mixedviT eqstraqtorebi

SeiZleba iyvnen perioduli an uwyveti qmedebis.

Semrev-damleqavi eqstraqtorebi Sedgebian Semrevisa da damwdomisgan,

romelSic eqstraqti iyofa rafinatisgan.

gamfrqvev svetebSi erT-erTi gafrqveuli faza meoreSi moZraobs

wveTebis saxiT.

Taroebian-svetur eqstraqtorebSi horizontaluri TefSebi-tixrebi

warmoadgenen rgolebisa da diskebis monacvleobas an wanacvlebul Taroebs.

koalescenciis Sedegad wveTebi tixrebze miedinebian afskis saxiT, romelsac

Camorecxavs uwyveti faza.

wyoburian da cxrilur eqstraqtorebSi dispersuli faza ganicdis

mravaljerad koalescencia-dispergirebas.

rotorul-diskur eqstraqtorebSi uZrav rgolur tixrebs Soris

brunaven vertikalur RerZze dasmuli diskebi an rotorebi. aseTi

seqcionireba xels uSlis aparatis gaswvriv Serevas.

pulsaciur eqstraqtorebSi siTxeebis pulsaciuri moZraobisaTvis

gamoiyeneba an svetSi moTavsebuli rxevadi TefSi an hidravlikurad

SeerTebuli gare mowyobiloba (dguSi).

myari fazidan eqstraqciisaTvis SeiZleba gamoyenebuli iqnen aparatebi

myari nivTierebis uZravi feniT, romelSic ifiltreba eqstragenti, an

aparatebi meqanikuri SereviT: sarevelebiani, Snekuri, doluri, mduRare fenis.

myari fazidan eqstraqciis procesSi mniSvnelovan rols asrulebs myari da

Txevadi fazebis gancalkeveba saleqarebis, filtrebis, wnexebis an

centrifugebis gamoyenebiT. nebismier SemTxvevaSi myari fazidan siTxis sruli

mocileba ver xerxdeba, rac auaresebs eqstraqciis efeqturobas.

saeqstraqcio aparatebi SeiZleba gaerTianebuli iyvnen paraleluri,

jvaredini, winaRi denebis sqemebiT.
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4.6. adsorbcia.

adsorbcia warmoadgens airidan an xsnaridan erTi an ramdenime

komponentis-adsorbtivis STanTqmas myari nivTierebiT-adsorbentiT. es

procesi farTod gamoiyeneba mrewvelobaSi, ZiriTadad airebisa da siTxeebis

mcire raodenobis minarevebisagan praqtikulad sruli gawmendisTvis.

fizikuri adsorbcia ganpirobebulia adsorbtivis da adsorbentis

molekulaTa urTierTmizidulobiT van-der-vaalsis Zalebis gavleniT, qimiuri

adsorbciis (qemosorbciiis) dros molekulebs Soris warmoiqmneba qimiuri

bmebi.

mrewvelobaSi STamnTqmelebad ZiriTadad gamoiyenebian aqtivirebuli

naxSirebi da mineraluri sorbentebi (silikagelebi, ceolitebi da sxva).

adsorbciuli procesebis klasSi Seiswavlebian agreTve iongacvliTi

procesebi ionitebze.

adsorbciis procesSi zRvrul mdgomareobas warmoadgens wonasworoba

adsorbentSi adsorbtivis Semcvelobasa (e.w. statikur aqtivoba a0*, kg/kg, kg/m
3

da a.S.) da narevSi parcialur wnevas (an koncentracias) Soris. wonasworobis

mruds mudmiv temperaturisas ewodeba adsorbciis izoTerma. narevebSi

SedarebiT maRali Semcvelobisas adsorbtivis Semcveloba adsorbentSi

uaxlovdeba mudmiv sidides a∞ (maqsimaluri gajereba mocemul

temperaturaze). adsorbciis izoTermebis gamoTvla garkveuli miaxloebiT

SeiZleba rigi Teoriuli da empiriuli formulebis gamoyenebiT. eiken-

polianis Teoriis mixedviT standartuli nivTierebis (ZiriTadad benzolis)

orTqlis adsorbciis izoTermis mixedviT T1 temperaturaze SeiZleba sxva

orTqlis adsorbciis gamoTvla T2 temperaturaze:

a2* = a1* V1/V2 (4.6.1)

V1, V2 -standartuli da Sesaswavli nivTierebebis moluri moculobebia Txevad

mdgomareobaSi, [m3/kmol].

praqtikaSi adsorbcia mimdinareobs dinamiur pirobebSi – matareblis

nakadidan. adsorbentis fenaSi adsorbciis frontis formirebis periodis

damTavrebis Semdeg iwyeba adsorbciis stacionaruli frontis paraleluri

gadatana. fenidan SesamCnevi koncentraciis gamoCeniT mTavrdeba fenis

damcveli moqmedeba. sorbentis fena xasiaTdeba dinamiuri adsorbciuli

tevadobiT aD, sorbtivis gasxltomis gamoCenis momentamde:

aD = C0⋅w⋅τ/H (4.6.2)

C0 -sorbtivis sawyisi koncentraciaa (kg/m3), w - nakadis fiqtiuri siCqare (m/wm),
τ - damcveli moqmedebis dro (wm). wonasworuli adsorbciuli tevadobis

gamoyenebis xarisxi η=aD/a0* Cveulebriv Seadgens 0,8-0,9.

adsorbentis fenis ubans, romelzec xdeba adsorbtivis koncentraciis

dacema sawyisi mniSvnelobidan nulamde (minimalur SesamCnev koncentraciamde)

ewodeba muSa fena, an masagadacemis zona. adsorbciis procesi dinamiur

pirobebSi SeiZleba aRvweroT kinetikuri gantolebiT:

da/dτ = βy(C- C*) (4.6.3)

C-nivTierebis koncentraciaa airSi, C* - adsorbentis moculobis erTeulSi

STanTqmuli nivTierebis raodenobis wonasworuli koncentraciaa.

masagadacemis koeficienti βy aqtivirebul naxSirze adsorbciisas SeiZleba

viangariSoT saorientacio formuliT:

Nu’ = 1,6 Re0.54
(4.6.4)

uwyveti adsorbciuli procesebi xorcieldebian aparatebSi

STamnTqmelis moZravi feniT, xolo nakadi moZraobs sawinaaRmdego

mimarTulebiT. sorbentis minimaluri siCqare, romlisTvisac wonasworuli

adsorbciuli tevadobis xarisxi Seadgens 0.95-0.98 iangariSeba:
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u = 1/K = (C0-Cp)w/a0* (4.6.5)

K - fenis damcveli moqmedebis koeficientia, Cp - mudmivi SesamCnevi

(gasxltomis) koncentraciaa fenis gamosasvlelze.

fenis muSa simaRle iangariSeba:

H = γ h0 (4.6.6)

γ ≈1,4 axasiaTebs vibraciulad gamkvrivebuli yrili fenis simkvrivis fardobas

gaumkvrivebeli fenis yril simkvrivesTan, h0 - uZravi fenis masagadacemis

zonis simaRlea.

preparatuli qromatografia, rogorc nivTierebaTa efeqturi dayofis

meTodi, dafuZnebulia narevis porciis adsorbciul svetSi gadaadgilebis

procesSi sxvadasxva nivTierebebis fenebad dayofaze, romlebic

Tanmimdevrulad gamoirecxebian svetidan da grovdebian calkeuli fraqciebis

saxiT.

desorbciis ganxorcieleba sawarmoo pirobebSi adsorbciis Semdeg

aucilebeblia, raTa regenerirebuli sorbenti xelaxla iqnas gamoyenebuli.

desorbcias axorcieleben sxvadasxva xerxebiT an maTi kombinaciebiT.

aseTebia:  sxva agentiT gamodevna (xSirad orTqlis gamoyenebiT), adsorbtivis

aorTqleba svetis gaxurebiT. zogierTi nivTierebis (mag. fisebis)

mosaSoreblad, mimarTaven adsorbentis gamowvas (JangviTi regeneracia).

ceolitebis regeneracias xSirad axorcieleben mSrali cxeli airebiT

(haeriT) ganbervis gziT.

4.7. Sroba

qimiur warmoebebSi rogorc wesi, gamoiyeneba xelovnuri Sroba

specialur aparatebSi, vinaidan bunebrivi Sroba xangrZlivi procesia. Srobis

procesi warmoadgens urTierTdakavSirebul siTbo- da masacvlis procesebis

erTobliobas. siTbos miyvanis gzebis mixedviT ansxvaveben Srobis Semdeg

saxeebs:

1) konveqciuri Sroba gasaSrobi masalisa da mSrobi agentis (cxeli haeri,

Rumelis airi) uSualo SexebiT.

2) kontaqturi Sroba siTbos gadacemiT gamyofi kedlis gavliT.

3) radiaciuli Sroba siTbos gadacemiT infrawiTeli sxivebiT.

4) dieleqtrikuli Sroba masalebis maRali sixSiris eleqtromagnituri

velebiT gacxelebis gziT.

5) sublimaciuri Sroba - winaswar gayinuli masalis vakuumSi Sroba.

gasaSrobi masalis tenianoba gamoisaxeba procentebSi an teniani

masalis mTeli masidan (u), an mSrali nivTierebis masidan (u’), amasTan:

u’ = 100u/(100-u); u = 100u’/(100+u’) (4.7.1)

masalidan Srobis procesSi aorTqlebuli tenis raodenoba tolia:

W=G0(u0-uK)/(100-uK)=GK(u0-uK)/(100-u0)=GmSr(u0’-uK’)/100 (4.7.2)

orTqlis Seculoba airSi (kg orTqli/kg mSral airSi):

x = (MS/MG)pS/(P-pS) (4.7.3)

MS, MG - orTqlisa da airis moluri masebia, pS - orTqlis parcialuri wnevaa.

orTql-haeris narevisaTvis: x = 0.622ϕpnaj/(P-ϕpnaj) (4.7.4)

ϕ = pS/pnaj orTqlis fardobiTi tenianobaa, pnaj – najeri orTqlis wnevaa

mocemul temperaturaze.

teniani haeris enTalpia (kj/kg mSr. haerze) gamoisaxeba:

I = (cw+cSx)t+r0x=(1.01+1.97x)t+2493x (4.7.5)

teniani haeris parametrebs Soris kavSiri 745 mm.vwy.sv. wnevaze gamosaxulia

ramzinis I-x diagramaze, romelsac iyeneben Srobis statikis amocanebis

amosaxsnelad.
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teniani haeris simkvrive ganisazRvreba:

 ρ = (P-0.378ϕpnaj)/287T (4.7.6)

teniani haeri mSralze ufro msubuqia, rac aadvilebs mis konveqciur

mocilebas saSrobi masalis zedapiridan.

mSrali haeris xarji (kg/wm) saSrobSi iangariSeba:

L = W/(xK-x0) (4.7.7)

siTbos xarji kaloriferSi Srobis procesSi:

Q = L(I1-I0) (4.7.8)

I1, I0 - haeris enTalpiebia kaloriferis Sesasvlel-gamosasvlelze (j/kg mSr.

haerze). Tburi balansidan:

Q = L(IK-I0) + ΣQ (4.7.9)

ΣQ - siTbos danaxarjebia masalis, satransporto mowyobilobis gasaTbobad,

agreTve danakargebi garemoze. Srobis realuri da Teoriuli xvedriTi

siTbos danaxarjebis sxvaobaa:

∆ = q -qT = (I1-IK)/(xK-x0) = ΣQ/W (4.7.10)

saSrobis Tburi m.q.k. tolia:

η = r/q (4.7.11)

r -wylis aorTqlebia kuTri siTboa Srobis procesis (sveli Termometris)

temperaturaze.
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moZrav haerSi (w>0.5 m/wm) orTqlis parcialuri wneva SeiZleba

gamoiTvalos fsiqrometruli formuliT:

pS = P’naj – A(t-tsv)P = P’naj – 0.00001(65+6.75/w)(t-tsv)P (4.7.12)

dinamiuri wonasworoba Srobis procesSi myardeba Srobis (desorbciis)

da danestianebis (sorbciis) procesebs Soris. tenis masalasTan kavSiris

formebia: qimiuri (aseTi bmuli teni Srobis saSualebiT ar Sordeba), fiziko-

qimiuri (adsorbciuli da osmosuri anu gajirjvebis), fiziko meqanikuri

(makrokapilaruli da mikrokapilaruli-romelic masalaSi grovdeba

garemodan STanTqmis gziTac da meqanikuri gzebiT ar cildeba).

Srobis siCqare damokidebulia tenis masalasTan kavSiris formaze da

tenis gadatanis meqanizmze.

masalis Srobis kinetikuri mrudi zogad SemTxvevaSi Sedgeba ramdenime

ubnisagan: masalis gaTbobis periodisgan, mudmivi

siCqaris periodisgan (zedapiruli tenis aorTqleba),

xolo pirveli kritikuli tenianobis miRwevis Semdeg

iwyeba Srobis klebadi siCqaris periodi (bmuli tenis

mocileba), romelSic SeimCneva meore kritikuli

tenianobis wertili (zedapiruli wonasworobis

damyareba) simrudis cvlilebiT (Sinagani difuzia da aorTqlebis zedapiris

Semcireba). meore periodSi tenianoba asimptoturad uaxlovdeba wonasworuls.

teniani zedapiridan wylis aorTqlebis siCqare [kg/m2sT] Srobis I periodSi

SeiZleba gamoiTvalos empiriuli formuliT:

G = 0.04075 w0.8∆p (4.7.13)

∆p najeri orTqlis parcialur wnevaTa sxvaobaa sasazRvro fenaSi teniani

masalis zedapirTan da gamaval haerSi.

Srobis saerTo xangrZlivoba SeiZleba ganisazRvros miaxloebiTi

formulebiT orive periodisaTvis:

τ =τ1+τ2 = {(u0’-ukr’) + (ukr’-u*)⋅ln[(ukr’-u*)/(uK-u*)]}/N (4.7.14)

sadac N [kg teni/kg mSr mas⋅wm] Srobis siCqarea I periodSi. Teoriul

formulebSi SehyavT Sesworebis koeficienti 1.5-2.

Srobis procesis mamoZravebeli Zala SeiZleba gamovsaxoT haerisa da

sveli zedapiris (sveli Termometris) temperaturaTa sxvaobiT (e.w. Srobis

potencialiT):

κ = t - tsv (4.7.15)

aseve haeris tenSeculobis gadaxriT najerobis mdgomareobidan:

∆x = xnaj – x (4.7.16)

saSualo mamoZravebeli Zala iangariSeba, rogorc saSualo logariTmuli

sidide:

∆x = (∆x1 - ∆x2)/ln(∆x1/∆x2) (4.7.17)

Srobis siCqare I periodSi ganisazRvreba eqsperimentalurad an

masagacemis koeficientis gamoTvliT:

N = W/GmS = βF∆x/GmS (4.7.18)

Nu’ = βl/D = A Ren (Pr’)0.33 Gu0.135
(4.7.19)

Gu = (TmS - Tsv)/Tsv guxmanis parametruli kriteriumia.

A, n damokidebulia Re-ze:

Re A N
1-200 0.9 0.5
200-6000 0.87 0.54
6000-70000 0.347 0.65
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saSrobebis mowyobilobebi mravalferovania da gansxvavdebian rigi

niSnebiT: siTbos gadacemis xerxebiT (konveqciuri, kontaqturi), gamoyenebuli

TbomatareblebiT (haeri, airebi, orTqli), wnevis sididiT (atmosferuli,

vakuumi), procesis organizaciiT (perioduli, uwyveti), nakadebis

urTierTmimarTulebiT (paraleluri, winaRi, jvaredini).

kameruli saSrobebi warmoadgenen atmosferul wnevaze momuSave

perioduli moqmedebis aparatebs. masala Sreba saSrobi kameris SigniT

moTavsebul stelaJebze an vagonetebze dawyobil langrebze. gare

kaloriferiT gamTbari haeri ventilatoriT Seiwoveba kameraSi da moZraobs

masalis Tavze, amasTan igi orjer icvlis mimarTulebas da Tbeba Sualedur

kaloriferebSi. namuSevari haeri nawilobriv ereva axals.

gvirabul saSrobebSi erTmaneTTan

SeerTebuli vagonetebi nela

gadaadgildebian hermetul karebebian

Zalian grZeli derefnis gaswvriv.

 lentur saSrobebSi masalebi

uwyvetad Srebian atmosferul wnevaze.

teniani masala miewodeba lentis erT

bolos, xolo gamSrali gaiyvaneba meore

bolodan.

doluri saSrobebi farTod

gamoiyenebian natexi, marcvlovani an

fxvieri masalebis atmosferul wnevaze

saSrobad masalis fenebis SereviT. dolSi

sigrZeze ganlagebulia wyoburi, romelic

Tanabrad anawilebs da urevs masalas.

gamfrqvev saSrobebSi miiRweva tenis

aorTqlebis maRali intensivoba da miiReba

maRalxarisxiani fxvnili.

vakuum-saSrobi karada warmoadgens

umartives perioduli moqmedebis

kontaqtur saSrobs.

saSrobebi mduRare feniT erT-erTi

progresuli tipis aparatebia. naxazze

gamosaxulia orkameriani saSrobi mduRare

feniT.

valcebiani saSrobebi gamoiyenebian

Txevadi da denadi pastismagvari masalebis uwyveti SrobisaTvis atmosferul

an dabal wnevebze. masalis Sroba xdeba intensiurad erTi brunis

ganmavlobaSi da gamSrali masalis fena iWreba danebiT.
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sublimaciur saSrobebSi masalebi Srebian gayinul mdgomareobaSi Rrma

vakuumSi (10-100 pa narCen wnevis pirobebSi) da dabal temperaturaze. am dros

yinuli orTqldeba Txevad fazaSi gadasvlis gareSe (sublimacia).

4.8. kristalizacia.

qimiur teqnologiaSi kristalizaciis procesebi farTod gamoiyeneba

sxvadasxva nivTierebebis misaRebad sufTa saxiT. sawarmoo masStabiT didi

raodenobiT kristalebis miRebas ewodeba masuri kristalizacia. sawarmoo

pirobebSi kristalizacias Tan axlavs kristalebis gancalkeveba deda

xsnaridan, garecxva da Sroba.

xsnarebidan kristalizaciis procesi xorcieldeba xsnaris gadajerebis

gziT, rodesac xsnadobaze meti nivTierebis Semcvelobisas igi gamoileqeba

myari saxiT. rig SemTxvevaSi gaxsnili nivTierebis koncentracia SeiZleba

iyos xsnadobaze meti. aseTi gadajerebuli xsnarebi SeiZleba imyofebodnen

SedarebiT mdgrad metastabilur mdgomareobaSi. aramdgrad, e.w. labilur

aridan ki myari faza TiTqmis meyvseulad gamoiyofa.

kristalizaciis ganxorcieleba SeiZleba Semdegi xerxebiT:

gamxsnelis nawilis moSorebiT (aorTqlebis an gamoyinvis gziT),

rogorc wesi, izoTermul pirobebSi. damaxasiaTebeli uaryofiTi mxarea

kristalebis inkrustacia Tbocvlis zedapirebze.

kristalizacia xsnaris temperaturis cvlilebiT (izohidrulad).

Cveulebriv, marilebi xasiaTdebian dadebiTi xsnadobiT da gadajereba

miiRweva xsnarebis gaciebiT.

kristalizacia gamomleqi agentebis damatebiT, romlebic amcireben

miznobrivi komponentis xsnadobas mocemul gamxsnelSi. mag. spirtSi xsnadi

sxvadasxva organuli nivTierebebis gamokristaleba wylis damatebiT, an

marilebis saSualebiT wyalxsnarebidan sxvadasxva nivTierebebis gamodevna

(gamomarileba).

kristalizacia qimiur an masacvlis procesebTan erTad, rodesac

nivTiereba warmoiqmneba qimiuri reaqciis procesSi an xdeba xsnaris gajereba

sxva aridan gadmotanili nivTierebis xarjze. mag. amoniumis sulfatis

kristalizacia gogirdmaJavas Semcveli xsnaris gajerebiT amiakis Semcveli

airis (mag. koqsis airebis) barbotaJiT reaqtorSi.

kombinirebul meTodebis magaliTebia: a) vakuum-kristalizacia, rodesac

dabali wnevis pirobebSi siTxis adiabaturi duRilis Sedegad xsnaris

gadajereba ZiriTadad miiRweva gadaciebis xarjze; b) gamxsnelis nawilis

aorTqleba matareblis (haeris) nakadSi; g) fraqciuli kristalizacia –

sxvadasxva komponentebis Tanmimdevruli kristalizacia saTanado pirobebis

SeqmniT.

kristalizaciis materialuri balansis gantoleba Caiwereba:

Gxsn = Gkr + Gd.xsn + W (4.8.1)

Gxsn bxsn = Gkr a + Gd.xsn bd.xsn (4.8.2)

a – absoluturad mSrali nivTierebisa da kristalsolvatis molur masaTa

fardobaa. Tu nivTiereba ar warmoqmnis kristalhidrats, a=1. Tu gamxsnels ar

aorTqleben, W=0.
kristalizaciis procesis Tburi balansis Sedgenisas gaTvaliswinebuli

unda iqnas yvela Tanmdevi procesi: gaTboba, gacieba, aorTqleba-kondensacia,

qimiuri reaqciebisa da kristalizaciis Tburi efeqtebi.

kristalizacia warmoadgens rTul process, romlis msvlelobac

damokidebulia mraval faqtorze: hidrodinamikur, Tbur da masacvlis

reJimebze, procesis organizaciaze da sxva. TviT masuri kristalizaciis

procesi moicavs kristalizaciis centrebis (Canasaxebis) warmoqmnas da
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kristalebis zrdas. kristalizaciis centrebis warmoqmnis kinetika

damokidebulia sistemis fiziko-qimiur mdgomareobaze, maT Soris

hidrodinamikur reJimze, aparaturis masalaze da zedapiris mdgomareobaze,

minarevebis arsebobaze da sxva. kristalebi izrdebian kritikul sidides

miRweul centrebze. kristalebis waxnagebis xazovani zrdis siCqare SeiZleba

limitirebuli iyos nivTierebis difuziiT waxnagis zedapirTan an TviT

kristaluri struqturis agebis siCqariT (erT-erTi Teoria dafuZnebulia

waxnagis fenovani zrdis meqanizmze). kristalizaciis siCqaris mamoZravebel

Zalad miCneulia gadaxra wonasworobis mdgomareobidan, romelic SeiZleba

gamoisaxos koncentraciebis, temperaturebis, qimiuri potencialebis sxvaobiT.

kristaluri produqtis erT-erT umniSvnelovanes maxasiaTebels

warmoadgens misi granulometriuli Semadgenloba, romelic gamoisaxeba

kristalebis ricxvis zomebis mixedviT ganawilebis simkvrivis funqciiT n(r)
(mrudiT an histogramiT). kristaluri masis  zogierTi integraluri

maxasiaTebeli SeiZleba gamoisaxos ganawilebis funqciis sawyisi momentebis

Mi saSualebiT:

N = M0 =0∫∞ n(r) ⋅dr  kristalebis ricxvi (4.8.3

r = M1/N =0∫∞ n(r)⋅r⋅dr /N kristalis saSualo zoma (4.8.4)

F = kFM2 = kF 0∫∞ n(r)⋅r2⋅dr  kristalebis jamuri zedapiri (4.8.5)

m = ρkvM3 = ρkv 0∫∞ n(r)⋅r3⋅dr  kristalebis jamuri masa (4.8.6)

kristalebis granulometruli Semadgenloba ganpirobebulia mravali

faqtoriT: kristalebis Canasaxwarmoqmnisa da zrdis kinetikuri

kanonzomierebebiT, meorad CanasaxwarmoqmniT, kristalebis msxvrevis, cveTisa

da agregaciis efeqtebiT. uwyveti kristalizaciis procesebisaTvis udidesi

mniSvneloba eniWeba myari fazis aparatSi dayovnebis drois ganawilebas.

xSirad mimarTaven kristalebis klasificirebis (daxarisxebis) xerxebs,

rodesac produqtis saxiT gaiyvaneba msxvili fraqcia. wvrili kristalebis

warmoqmnis Sesamcireblad zogjer xsnars winaswar umateben kristalizaciis

centrebs an kristalebis suspenzias, rac gamoricxavs xsnaris gadasvlas

labilur areSi.

sawarmoo pirobebSi kristaluri produqtis

granulometrul Semadgenlobas xSirad

gamosaxaven sacruli analizis mrudiT, romelic

axasiaTebs sacris r zomis nasvretebSi gasul

kristalebis masur wils:

W(r) = 100⋅0∫r n(r)⋅r3⋅dr /0∫∞ n(r)⋅r3⋅dr (4.8.7)

kristaluri produqtis saSualo masur zomas

axasiaTebs r50% sidide, xolo kristalebis zomebis

araTanabrobas gamosaxaven variaciis

koeficientiT:

C.V. = 100(r84%-r16%)/2r50% (4.8.8)

kristalizatorebis konstruqciebi mravalgvaria: isini SeiZleba

warmoadgendnen amaorTqlebel, Tbomcvlel, masacvlis, reaqciul, mduRare

fenis aparatebs kristalizaciuri procesebis specifikis gaTvaliswinebiT.

uwyveti qmedebis kristalizatoris magaliTs warmoadgens doluri mbrunavi

kristalizatori haeriT gaciebiT. kristalizatorebis gavrcelebuli tipebs

warmoadgenen Sereuli suspenziis aparatebi Sereuli produqtis gamoyvaniT

(MSMPR) da Sereuli suspenziis aparatebi klasificirebuli produqtis

gamoyvaniT (MSCPR).
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V. samacivro procesebi

5. xelovnuri gaciveba.

pirobiTad ansxvaveben zomier (-100
oC-mde) da Rrma gacivebas (-100

oC
qveviT). xelovnuri gaciveba yovelTvis dakavSirebulia siTbos gadatanasTan

ufro civi aridan ufro Tbilisken, rac Termodinamikis II kanonis Tanaxmad

moiTxovs energiis daxarjvas. samacivro danadgarebSi siTbos gadatana

xorcieldeba macivar-agentis saSualebiT. sicivis miReba xdeba cikluri

procesiT, romlis drosac siTbos arTmevas Tan axlavs energiis gadacema (mag.

macivar-agentis SekumSva kompresorSi). samacivro ciklebis Termodinamikuri

efeqturoba gamoisaxeba samacivro koeficientiT ε, romelic warmoadgens

sicivis mwarmoeblobis fardobas daxarjul muSaobasTan.

ε = Q0/L = Q0/(Q-Q0) (5.1)

Q - garemosTvis gadacemuli siTboa.

nebismieri realuri ciklis Termodinamikuri m.q.k. iangariSeba karnos

Sebrunebuli ciklis (romelic Sedgeba ori izoTermuli da ori adiabaturi

procesisagan) samacivro koeficientTan SedarebiT:

η = ε/εK (5.2)

xelovnuri gacivebis procesSi macivar-agentis temperaturis Semcireba

SesaZlebelia Semdegi gzebiT: a) advilaqroladi siTxeebis aorTqlebiT. am

dros enTalpiis Semcirebis xarjze siTxeebi civdebian duRilis

temperaturamde. mag. Txevadi amiakis aorTqlebisas 1 atm. wnevaze misi

temperatura civdeba –34
oC-mde. b) winaswar SekumSuli airebis gafarToebiT –

droselirebiT (izoenTalpiurad) an detanderSi gareSe muSaobis SesrulebiT

(adiabaturad).

airebis droselirebisas (viwro naxvretSi gatarebisas) realuri airis

temperaturis cvlileba gamoixateba joul-tomsonis efeqtiT (dadebiTi

efeqti gacivebis SemTxvevaSi da piriqiT).

J = (∂T/∂p) i=const (5.3)

J droselirebis diferencialuri efeqtia. integraluri efeqti gamosaxavs

temperaturis srul cvlilebas sawyisi wnevidan saboloomde cvlilebisas.

izoTermul droselur efeqts uwodeben siTbos raodenobas, romelic unda

miewodos gafarToebul airs sawyis temperaturamde misaRwevad.

airebis gafarToebisas detanderSi – airis ZravaSi erTdroulad sruldeba

muSaoba garemosTan Tbocvlis gareSe (adiabaturad), sagrZnoblad meti

gacivebis efeqtis miRweviT, vidre droselirebisas.

konkretuli airebis T - S - i - p nomogramebis daxmarebiT SesaZlebelia

gacivebis efeqtebis gansazRvra orive saxis – izoenTalpiuri da adiabaturi

(izoentropuli) gafarToebis procesebisaTvis.

dabali temperaturis miRebis sxva meTodebidan aRsaniSnavia fazuri

gardaqmnis procesebis gamoyeneba, maT Soris yinulisa da marilebis

gamacivebeli narevebisa (mag. kalciumis qloridisa da yinulis nareviT

SesaZlebelia gaciveba –55
oC-mde).

Termoeleqtruli efeqtis safuZvelze, rodesac denis gavla TermowyvilSi

iwvevs erT-erTi darCiluli bolos gaTbobas, xolo meoris gacivebas

(pelties efeqti) mzaddeba kompaqturi naxevargamtaruli samacivro

mowyobilobebi.

5.1. zomieri gaciveba.

kompresiuli orTqlis samacivro manqanebi farTod gamoiyeneba

warmoebaSi da yofacxovrebaSi. macivar-agentebad gamoiyenebian
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advilaqroladi siTxeebi, romlebic orTqldebian nulze dabal

temperaturebze, xolo SekumSvisa da garemos temperaturamde (an wyliT)

gacivebis Semdeg kvlav Txevaddebian. gavrcelebul macivar-agentebs

warmoadgenen amiaki, naxSirorJangi, freonebi –FnaxSirwyalbadebis ftor-

qlorwarmoebulebi. freonebis aRniSvnis pirveli cifri miuTiTebs

naxSirbadis atomebis ricxvs erTis gamoklebiT (meTanisaTvis ar uCveneben),

Semdegi ricxvi wyalbadis atomebis ricxvze erTiT metia, Semdegi ricxvi ki

ftoris atomebis ricxvia. anu CCl2F2-s ewodeba freon-12, CHClF2-s freon-22,

xolo C2Cl3F3-s freon-113.

sqemaze gamosaxulia kompresiuli samacivro manqanis sqema da muSaobis T-S
diagrama. diagramaze marTkuTxedi 1-2-3’-4 gamosaxavs idealur (karnos)

samacivro cikls. realur samacivro manqanebSi gamoiyeneba droseluri

maregulirebeli sarqveli, Sesabamisad airis Seqcevadi adiabaturi

gafarToebis 3’-4 nacvlad xdeba Txevadi macivar agentis Seuqcevadi

izoenTalpiuri droselireba 3’-4’ , rac amcirebs sicivis mwarmoeblobas.

realur manqanebSi xdeba macivar-agentis ara najeri, aramed gadaxurebuli

orTqlis SekumSva (1-2’), xolo macivar-agentis gadaciveba xdeba kondensaciis

temperaturaze ufro dabal temperaturamde (2’-2-3’-3). Sesabamisad,

droselirebas Seesabameba wiri 3-4, xolo izoTermul aorTqlebas - (4-1’).

realuri procesis samacivro koeficienti tolia:

ε = (i1’ – i4)/( i2’ – i1’) (5.1.1)

zogierTi teqnologiuri procesisaTvis aucilebeli ufro dabali

temperaturis misaRwevad iyeneben or- an samsafexurian manqanebs, an kaskadur

ciklebs (sxvadasxva macivar-agentebis Tanmimdevrul gamoyenebiT).

absorbciul samacivro manqanebSi sicivis miReba xdeba dabalpotencialuri

siTbos xarjze. maTi moqmedeba emyareba macivar-agentis orTqlis absorbcias

aorTqlebis wnevaze da kompresorSi SekumSvis nacvlad mis Semdgom

gamoyofas gaxurebiT kondensaciis (gazrdil) wnevaze. garemos temperaturamde

an wyliT gacivebis Semdeg macivar-agenti Txevaddeba. absorbciul ciklebSi

Cveulebriv gamoiyeneba sistema amiaki-wyali-wyalbadi (saerTo wnevis

Sesaqmnelad).

sayofacxovrebo macivrebis sayinule kameris karebze gamosaxuli

varskvlavebis (fifqebis) raodenoba aRniSnavs minimalur temperaturas.

TiToeuli varskvlavi Seesabameba –6
oC-s, anu *** aRniSnavs -18

 oC-s.

5.2. Rrma gaciveba.

rigi Txevadi airebis (mag. Txevadi haeris, azotis da sxva) misaRebad saWiro

Zlier dabali temperaturebis miRweva zemoTaRwerili meTodebiT

praqtikulad SeuZlebelia. am mizniT mimarTaven airebis droselirebis an

detanderSi gafarToebis gzebs.

e.w. lindes regeneraciul ciklebSi airis gaTxevadebis temperaturamde

gasaciveblad airi damatebiT civdeba droselirebis Sedegad gacivebuli

airebis uku nakadiT. Semdgomi droselireba iwvevs airis Semdgom gacivebas,

gaSvebis periodSi xdeba uku airebis sicivis akumulireba gaTxevadebis

temperaturis miRwevamde. airis kompresorSi SekumSvas p1-dan p2-mde da wylis
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macivarSi gacivebas gamosaxavs

izoTerma 1-2, airis izobarul

gacivebas uku nakadis macivarSi

Seesabameba mrudi 2-3,

izoenTalpiuri droselireba sawyis

p1 wnevamde  xdeba 3-4 mrudis

Sesabamisad. wonasworobis mrudis

miRwevis Semdeg xdeba airis

nawilobrivi gaTxevadeba. siTxe-

airis Tanafardobas gamosaxaven

monakveTebi n da n-1. airadi civi

uku nakadi acivebs pirdapir nakads

da TviTon Tbeba izobaris 5-1 Sesabamisad sawyis mdgomareobamde.

lindes ciklebis gaumjobesebisaTvis gamoiyeneba Semdegi xerxebi: airis

winaswari gaciveba amiakis samacivro manqaniT, maRali wnevis airis

recirkulacia ormagi droselirebis gamoyenebiT.

airebis gaTxevadebis energetikulad momgebian ciklebSi erTdroulad

xorcieldeba airebis droselireba da detanderSi gafarToeba.

VI. meqanikuri procesebi

6.1. myari masalebis daqucmaceba.

myari fazis monawileobiT mimdinare qimiuri da difuziuri procesebis

siCqareebi izrdebian zedapiris zrdiT, Sesabamisad natexebis zomis

SemcirebiT, anu daqucmacebiT. pirobiTad daqucmacebis (dawvrilmanebis)

procesebi iyofian: damsxvreva (msxvili, saSualo da wvrili) da

dawvrilmaneba (wminda da zewminda). masalebis daqucmaceba xorcieldeba

gasresis, gapobis, gaxexvis da dartymis xerxebiT. damaqucmacebeli manqanebi

pirobiTad iyofian samsxvrevelebad da wisqvilebad.

daqucmacebis xarisxi warmoadgens sawyisi da saboloo saSualo

maxasiaTebeli zomebis fardobas:

i = D/d (6.1.1)

umsxvilesi nawilakebis zomebis mixedviT ansxvaveben daqucmacebis

saxeebs:

daqucmacebis saxe sawyisi,m

m

saboloo,

mm

i

uxeSi damsxvreva 1500-300 300-100 2-6

saSualo damsxvreva 300-100 50-10 5-10

wvrilad damsxvreva 50-10 10-2 10-50

wminda dawvrilmaneba 10-2 2-0.075 ∼100
zewminda

dawvrilmaneba

10-0.075 0.075-0.0001 -

daqucmaceba energotevadi operaciaa, amitom iyeneben wess: ar

daqucmacdes araferi zedmeti! xSirad daqucmacebis win da mis procesSi

mimarTaven wvrili fraqciis gamoyofas. gaxsnil ciklSi daqucmacebisas

masala manqanaSi erTxel gadis, Sekrul ciklSi ki ramdenjerme,

klasifikatorSi dayofis Semdeg.

damsxvrevis sasargeblo muSaoba ixarjeba natexebis moculobiT

deformaciaze da axali zedapiris warmoqmnaze:

A = Ad + Af = K⋅∆V +δ⋅∆F ≈ K1D3 + δ1⋅D2
(6.1.2)

uxeSi damsxvrevis dros meti mniSvneloba aqvs pirvel mdgenels, xolo wminda

dafqvis dros meores.
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uxeSi damsxvrevisaTvis gamoiyeneba ybebiani da konusuri samsxvrevelebi.

konusur samsxvrevelebSi natexebi imsxvrevian eqscentrulad moZrav mbrunav

Sida konusisa da uZravi gare konusis zedapirebs Soris gasresis Sedegad.

saSualo da wvrilad damsxvrevisaTvis

gamoiyeneba dolebiani da dartymiT-centridanuli,

agreTve damreci konusuri (b-tipis) konusuri

samsxvrevelebi. dartymiT-centridanul

mowyobilobebs miekuTvnebian CaquCebiani

samsxvrevelebi, dezintegratorebi da

dismembratorebi. dezintegratori Sedgeba

urTierTsawinaaRmdegod mbrunavi ori rotorisgan

(TiTebiT an danebiT SeerTebuli diskebisa da rgoluri diskebisgan).

dismembrators aqvs erTi rotori, korpusis Siga kedeli asrulebs meore

diskis (statoris) funqcias.

wminda dafqvas xSirad axorcieleben wisqvilebSi, romlebSic

erTdroulad moqmedeben gamsresi, dartymiTi da mxexi Zalebi.

dolur wisqvilebSi dagoraven burTulebi an Reroebi. zogjer xdeba

masalis TviTdawvrilmaneba. burTulebian wisqvilebSi 25-150 mm diametris

foladis burTulebiT an qvebiT (imisda mixedviT am elementebis cveTis

romeli produqtebia masalis gaWuWyianebisaTvis ufro arasasurveli).

dawvrilmaneba xdeba elementebis dartymisa da urTierTxaxunis Sedegad.

dolis brunvis mcire siCqarisas burTulebi gorvis Sedegad muSaoben

mxolod xaxuniT, gazrdili siCqareeebisas warmoiqmnebian CanCqerebi, xolo

Zlier maRal siCqarisas burTulebi centridanuli Zalis gavleniT uZravad

miekvrian dolis kedels da dawvrilmaneba ar xdeba.



74

rgolur wisqvilebSi muSa organoebs warmoadgenen gorgolaWebi an

burTulebi, romlebic masalas fqvaven uZravi an mbrunavi rgolis zedapirze

gasresiT da xaxuniT.

zewminda dafqvisaTvis gamoiyeneba vibraciuli, Wavluri (romlebSic

dafqvis energia miewodeba airis didi siCqaris nakadis gavliT) da

koloiduri (didi siCqariT mbrunav diskur rotorsa da uZrav stators Soris

nawilakebis centridanuli Zalis gavleniT gaxleCis Sedegad sveli

dafqvisaTvis) wisqvilebi.

6.2. masalebis klasifikacia (daxarisxeba).

myari marcvlovani masalebis natexebis an marcvlebis

zomebis mixedviT dayofas ewodeba klasifikacia. misi ori

ZiriTadi xerxia: 1)cxriluri 2)hidravlikuri. klasifikacias

garkveuli xarisxis mza produqtis mosamzadeblad uwodeben

daxarisxebas.

sacrebi mzaddebian mavTulis badisgan, cxrilebi –

daxvretili furclebisgan, gisosebi – Reroebisgan.

marcvlebis klasebi aRiniSneba sacrebis naxvretebis zomebis

mixedviT. mag. Tu marcvlebi miRebulia N2 da N3 sacrebze

TanmimdevrobiT gacriT, maT klass aRniSnaven: -2 +1 mm.

marcvlovani masalis granulometriuli Semadgenlobis

gamosaxvas SevexeT agreTve 4.8. TavSi. or klasze meti

marcvlebis gamosacalkeveblad gamoiyeneba mravaljeradi

gacra Semdegi xerxebiT: a) wvrilidan msxvilisken, b)

msxvilidan wvrilisken, g) kombinirebuli.

sacrebi (cxrilebi) SeiZleba iyvnen moZravi an uZravi. konstruqciulad

mzaddebian doluri sacrebi, moqanave sacrebi, giraciuli (naxevrad

vibraciuli), vibraciuli (inerciuli an eleqtromagnituri) sacrebi.

hidravlikur klasifikatorebSi xdeba pulpis dayofa nawilakebis

sxvadasxva zomebis Semcvel fraqciebad siTxeSi daleqvis siCqareebis

mixedviT. maRali mwarmoeblobiT da efeqturobiT xasiaTdebian centridanuli

klasifikatorebi (hidrociklonebi da damleqavi centrifugebi).

haeris separatorebSi, romlebic muSaoben Sekrul an gaxsnil ciklebSi

mSrali dafqvis wisqvilebTan erTad, masalebis klasifikacia xdeba sxvadasxva

zomis nawilakebis haerSi daleqvis siCqareTa gansxvavebis Sedegad simZimisa

da centridanuli Zalebis velebSi. isini SeiZleba iyvnen haer-gamavali an

haer-cirkulaciuri (romlebSic haeri cirkulirebs aparatSi da gareT ar

gamodis).

6.3. myari masalebis Sereva.

fxvieri myari masalebis Semrevi aparatebis konstruqciebi

damokidebulia Serevis meTodebze (gadayra, gadaniCbva, fsevdogaTxevadeba da

sxva).

mbrunav niCbebiani Semrevebi gamoiyeneba ara marto mSrali fxvieri

masalebis Sesarevad, aramed blanti fafismagvari da comismagvari masebisa da

pastebis mosamzadeblad. naxazze naCvenebi Semrevis korpusi 1 Sedgeba ori

naxevarcilindrisagan, romlebSic Semxvedrad brunaven frTebiani lilvebi 2.
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Semrev dolebSi mbrunavi cilindruli

doli 1 aRWurvilia spiraluri neknebiT 3 da

TaroebiT 4. isini warmoadgenen perioduli

moqmedebis aparatebs da moiTxoven muSaobis

xangrZliv dros.

Snekur frTebian SemrevebSi muSa

organoebs warmoadgenen lilv-Snekebi T-s
magvari an sxva formis spiraluri frTebiT.

Semrevebi masalis fsevdogaTxevadebiT

swrafad mbrunavi rotoris saSualebiT

warmoadgenen maRalefeqtur aparatebs.

centridanul SemrevebSi mbrunavi konusiT miiRweva fxvieri masalis

intensiuri cirkulacia. masalis nawilakebi centridanuli Zalis gavleniT

miuyvebian gadmobrunebuli wakveTili konusis Sida zedapirs, gaityorcnebian

konussa da korpuss Soris sivrceSi da qveda gverdiTi fanjrebiT kvlav

brundebian konusSi.

pnevmoSemrevebSi Sereva xorcieldeba airiT fsevdogaTxevadebuli

marcvlovani masalis fenaSi.

vibroSemrevebSi fxvieri masalis cirkulacia iqmneba maRali sixSiris

vibraciiT.
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