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energiis kargvis Sesaxeb sadawneo wyalsatarebSi 

g.gigiberia 

 

miRebulia  07.12.2015 
 
 
saerTaSoriso sainJinro praqtikaSi miRebuli saangariSo meTodikis Tanaxmad, 

wyalsatarebSi ganviTarebuli turbulenturi dinebis pirobebSi hidravlikuri energia 
mcirdeba diametris gazrdisas. 

aRniSnuli debulebis sawinaaRmdegod engurhesis saderivacio gvirabSi 2010...2013 ww. 
Sesrulebuli gamokvlevis Sedegad, irkveva, rom energiis (dawnevis) dakargvis realuri 
mniSvnelobebi diametris gazrdisas arsebiTad aRemateba oficialuri meTodikiT 
gansazRvruls. 

dadgenili Seusabamoba unda aixsnas rogorc TeoriaSi miRebul daSvebaTa 
araadekvaturobiT, aseve angariSSi Semavali eqsperimentuli koeficientis 
mniSvnelobaTa dadgenisas SezRuduli laboratoriuli saSualebebiT miRebuli 
monacemebis gamoyenebis Sedegad. 

aRniSnulTan dakavSirebiT, realuri kanonzomierebis dasadgenad aucilebel 
saWiroebad moiazreba gansaxilveli sakiTxis siRrmiseuli gamokvleva, rac naTels 
mofenda dinebis fizikur bunebas da mogvcemda sakiTxis realisturi safuZvliT 
gadawyvetis saSualebas. 

miznis misaRwevad mizanSewonilad gvesaxeba masStaburi gamokvlevis Catareba 
wyalsatarebis diametrebis farTo speqtrisaTvis, naturuli eqsperimentebis 
gamoyenebiT, Tanamedrove, maRali sizustis gamzomi aparaturis meSveobiT. 

amgvarad, realisturi bazis safuZvelze miRebuli Sedegebi saSualebas mogcems 
hidroenergetikuli mimarTulebis araerTi problemuri sakiTxis optimaluri aspeqtiT 
gasadawyvetad. 

 
sakvanZo sityvebi: hesis saderivacio gvirabi, wyalsatari, turbulenturi reJimi, 
filtracia, energiis kargva 

 

hidroeleqtrosadgurebis gegmarebisa da maTi eqspluataciis racionalurad 

marTvis erT-erT umniSvnelovanes sakiTxad gvevlineba energetikul wyal-

satarebSi energiis kargvis marTebuli gansazRvra. am parametris saangariSod 

miRebuli mniSvneloba gansakuTrebuli interesis Semcvelia hesebis gvirabebisa 

da milsadenebis gegmarebisaTvis da emsaxureba obieqtis optimaluri muSa 

reJimis SerCevas. 

siTxis nakadis ganviTarebuli turbulenturi dinebis pirobebSi sayovel-

Taod aRiarebuli saangariSo meTodika ganixilavs nakadis dinamikas, rodesac 

elementaruli nawilakebi pulsaciuri siCqareebiT iWrebian momijnave masebSi, 

riTac iwveven energiis kargvas maTi moZraobis raodenobis (impulsi) 

urTierTgacvlis Sedegad. brtyeli moZraobis farglebSi dinebis mimarTu-

lebaze x mxebi Zabvebi warmodgenilia pulsaciur siCqareTa namravliT. 
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l.prandtlis varaudiT, siCqareebis am mdgenelTa korelaciuri kavSiri 

axlosaa 1-Tan, anu dasaSvebia tolobis '
y

'
x vv   adekvaturoba. avtorma hidro-

meqanikis erTerTi fundamenturi damokidebulebis safuZvelze nawilakTa 

pulsaciuri siCqare daukavSira siCqareTa nakadis gradients normalze 
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l .                                    (2) 

proporciulobis koeficients l mieniWa termini "Serevis gzis sigrZe", 

romlis hidravlikuri Sinaarsi moiazreba rogorc sigrZis monakveTi, manZili, 

romelzec elementaruli masa mTlianad gascems Tavis moZraobis raodenobas 

vx. 

sabolood, mxebi ZabvebisaTvis miRebulia gamosaxuleba - prandtlis 

gantoleba 
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gantolebaSi Semaval empiriul koeficients prandtlma misca saxe: 

                                 yæl ,                                      (4) 

sadac y nakadis kedlidan daSorebaa, xolo æ - karmanis mudmiva, romlisTvisac 

(i.nikuraZis eqsperimentebis safuZvelze) dadgenil iqna æ=0,38...0,40 sadawneo, 

xolo æ=0,306 Ria nakadebisaTvis. am damokidebulebis dafuZnebiT avtorma 

CaTvala, rom siTxis masebis urTierTSereviT gamowveuli impulsi gadaad-

gilebis sigrZezea damokidebuli, rac wrfivi kavSiriT (4) iqna gamoxatuli. 

hidravlikur amocanaTa gadasawyvetad prandtlis gantolebis integrebasTan 

erTad, saWiro gaxda zogierTi Teoriuli mosazrebis gamoyeneba, romlebic 

eqsperimentuli monacemebiT iqna ganmtkicebuli. 

zemomoyvanil debulebebze dafuZnebuli, saerTaSoriso specialuri 

literaturiT aRiarebuli, maRalprofesiul doneze Sesrulebuli eqsperimen-

tebiT dadasturebuli saangariSo formula Tavdapirvelad i.nikuraZis mier iyo 

SemoTavazebuli: 

                         





0r
lg0.274,1

1
,                                  (5) 

sadac  hidravlikuri winaRobis koeficientia darsi-vaisbaxis mixedviT;  - 

wyalsataris absoluturi xorklianoba, xolo r0=d:2 wyalsataris radiusia. 

SemdegSi, am mimarTebiT Sesrulda eqsperimentul gamokvlevaTa didi raode-

noba, romelTa Sedegebis mixedviT SemoTavazebulia saTanado saangariSo 

gamosaxulebani. amgvarad, saerTaSoriso praqtikaSi wriuli kveTisa da cilind-
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ruli formis milebisaTvis. amasTanave, samSeneblo masaliT nageb wyal-

satarebisTvisac gaangariSebisaTvis rekomendebulia kolbruk-uaitis formula, 

misi universalobis pretenziiT: 

                       




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 Re

51,2

d7,3
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1
.                               (6) 

am formulaSi figurirebs reinoldsis ricxvi Re=vd:, sadac v nakadis 

saSualo siCqarea, xolo  - siTxis kinematikuri siblantis koeficienti. 

garda aRniSnulisa, samecniero da teqnikur literaturaSi gavrcelebulia 

rigi formulebisa da saangariSo meTodikebisa, romelTa ricxvs miekuTvneba 

frenkelis (7), altSulis (8), Seveliovis (9) formulebi: 
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3,0

d

021,0
                                      (9) 

da dargis aRiarebuli cnobarebiT mowodebuli gaangariSebebi. aRniSnuli 

saangariSo meTodologia udevs safuZvlad dRemde moqmed normatiul 

dokumentebs: ssrk-s periodis teqnikur pirobebs ТУ, saTanado miTiTebebs, 

rekomendebul cnobarebs. 

Sesabamisad, moqmed Tu gegmarebaSi myof hidroenergetikuli wyalsatarebis 

hidravlikur gaangariSebebSi gamoyenebulia zemomoyvanili midgomebi. 

amgvar, dawesebul gaangariSebaTa Sedegebi liTonis milebisa da hidroteqni-

kuri gvirabebisaTvis maTi diametrebis mixedviT ilustrirebulia cxrilSi. 

cxrilis me-2, me-3 da me-4 svetebSi monacemebi warmodgenilia xorklianobis 

ori absoluturi mniSvnelobisaTvis =0,2 da =1,0 mm. maTgan pirveli Seesaba-

meba mcire xorklianobis milebs, xolo meore (=1,0 mm) ki - gvirabebis 

uxarisxod Sesrulebul mokeTebebs an liTonis milebs maTi xangrZlivi 

eqspluataciis Sedegad. ramdenadac damokidebulia reinoldsis ricxvze Re, 

gaangariSebebi Sesrulebulia wylis fiqsirebuli siCqarisaTvis (2,00 m/wm) da 

kinetikuri siblantis koeficientisaTvis -0,0131 m2/wm, romelic Seesabameba 

wylis temperaturas t=10
0
C. 

cxrilis monacemebidan Cans, rom hidravlikuri winaRoba mcirdeba 

wyalsataris ganivi zomebis matebasTan dakavSirebiT. amavdroulad, xorklia-
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nobis absoluturi sididis  maRali mniSvnelobisaTvis winaRobis maCvenebeli 

izrdeba 50%-ze metad. 

cxrili 
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mostkovis cnobaris mixedviT 

liTonis 
milebi 

gvirabebi 
torkretirebuli 

mokeTebiT 

50 0,0280 
0,0490 

- 
- 

0,0270 
0,0380 

0,051 0,0368 - 

100 0,0250 
0,0300 

0,0234 
0,0379 

0,0227 
0,0359 

0,042 0,0305 - 

300 0,0180 
0,0260 

0,0178 
0,0270 

0,0173 
0,0244 

0,030 0,0210 - 

1000 0,0140 
0,0200 

0,0120 
0,0196 

0,0127 
0,0202 

0,017 0,0166 - 

3000 0,0105 
0,0155 

0,0111 
0,0153 

0,0097 
0,0137 

- 0,0128 0,0149 

5000 0,0102 
0,0133 

0,0101 
0,0137 

0,0085 
0,0012 

- 0,0119 0,0133 

9500 0,0085 
0,0120 

0,0096 
0,0109 

0,0073 
0,0108 

- - - 

 
 

 

naxazi. kolbruk-uaitis formulis grafikuli gamosaxuleba 
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aRniSnul garemoebaTa analizis Sedegad cxadad ikveTeba daskvna, rom 

wyalsataris ganivi zomebis gazrdiT ganpirobebuli fardobiTi xorklianobis 

Semcireba (wyalsataris Siga zedapiris xorklianobis praqtikulad ucvlelo-

basTan erTad) asustebs mxebi Zalebis SemakavSirebel gavlenas donebaze - 

mcirdeba hidravlikuri winaRobis gamomwvevi Zalebis moqmedeba. 

ganviTarebuli turbulenturobis pirobebisaTvis gamoyenebuli zemoaRwe-

rili aRiarebuli Teoriis mier zogierTi daSvebis koreqtulobasa da 

logikuri midgomis (Tundac meqanikis zogad kanonzomierebaTa safuZvelze) 

sawinaaRmdegod warmoiSva alternatiuli Sexeduleba gamowveuli im garemoe-

biT, rom wyalsataris ganivi zomebis matebasTan erTad, uciloblad matulobs 

siTxis masebis moZraobis Tavisuflebis xarisxi, izrdeba Serevis intensiurobis 

procesi, Zlierdeba siTxis masebs (nawilakebs) Soris moZraobis raodenobis 

gacvliT ganpirobebuli energiis xarjva, rac unda aisaxos winaRobis maCvene-

belTa gazrdaSi. zogadi TvalsazrisiT procesSi matulobs gravitaciuli 

Zalebis moqmedeba. 

sakiTxSi garkveuli sicxade Seitana 2010-2014 ww. engurhesze obieqtis 

energetikuli reJimebis dasadgenad Sesrulebulma gamokvlevebma [3,4,6]. 

bunebrivia, saWiro gaxda saderivacio gvirabSi hidravlikuri winaRobis 

gansazRvra, rac moiTxovs gvirabis sigrZeze dawnevis vardnisa da wylis 

xarjis saTanado sizustiT gazomvas. 

dawnevis vardna izomeboda gvirabis sawyis (wyalmimRebis kideSi) da bolo 

(gamaTanabrebel rezervuarSi) kveTebSi ganTavsebuli maRali sizustis TviT-

Camweri wnevis mzomebis Level Troll-500 meSveobiT.wylis xarjis gazomvis mizniT 

gamoyenebuli erTsxiviani ultrabgeriTi xarjmzomiT PT-878 (xelsawyoebi 

damzadebulia aSS-is cnobili firmis General Eelecrtic-is mier) saWiro sizustis 

miRweva aRmoCnda SeuZlebeli hesis sadawneo sistemis nagebobaTa konstruq-

ciuli Taviseburebebidan gamomdinare. 

aRniSnulTan dakavSirebiT wylis muSa xarjebis gansazRvrisaTvis 

gamoyenebul iqna gaangariSebebi hesis hidroagregatebis mier ganviTarebuli 

simZlavreebis mixedviT, romlis analituri gamosaxulebidan 

                                                     N=9,81QtHttg .                               (10) 

xarji gamoiTvleba formuliT 

                                                     Qt =N:9,81Httg,                                (11) 

sadac Qt turbinis muSa xarjia; Ht - dawneva turbinaze, t da g turbinisa da 

hidrogeneratoris margi qmedebis koeficientebia (mqk). 

formulaSi (11) Semaval wevrTa gazomvis sizuste araerTgvarovania. 
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hidroagregatis mier ganviTarebuli simZlavre miiReba manqanis eleqtruli 

parametrebidan, rac maRali sizustis Tanamedrove xelsawyoebiT izomeba. 

sakmarisi sizustiT dgindeba dawnevis Ht sidide - igi gamoiTvleba gamTanab-

rebel rezervuarisa da hesis qveda biefis doneTa sxvaobiT, romelsac akldeba 

dawnevis dakargva saturbino milsadenSi hesis Zalovani kvanZis farglebSi. es 

sidide gaangariSebiT miiReba, igi damokidebulia turbinebis muSa xarjze da 

absoluturi misi mniSvnelobis simciris gamo Ht-s gansazRvris sizusteze ar 

aisaxeba. hidrogeneratorebis mqk g mniSvneloba saqarxno garantiiTaa uzrun-

velyofili. rac Seexeba turbinis mqk-s t angariSebSi visargebleT 

damamzadebeli qarxnis mowodebuli monacemebiT, romelic, rogorc cnobilia, 

realuri testirebiT ar dgindeba. 

gvirabSi dawnevis dakargvis dadgenis sakiTxSi garda aRniSnuli uzus-

tobebisa, saWiro xdeba gaangariSebisaTvis zogierTi negatiuri garemoebiT 

gamowveuli faqtoris gaTvaliswineba, gaangariSebebis monawile komponentebis 

cdomilebaTa Sefaseba. aRniSnulTan dakavSirebiT mizanSewonilia energiis 

kargva gvirabSi hesis turbinebis mier moxmarebuli wylis xarjs davukavSiroT 

da gvirabidan filtraciis gavlena gamovricxoT. turbinebze stacionaruli 

reJimiT miwodebuli wylis xarji gvirabis sigrZeze klebiTi reJimiT 

mimdinareobs filtraciis intensivobis cvalebadobis Sedegad, dawnevis vardnac 

sigrZeze araTanabaria - mcirdeba dinebis gzaze. Sesabamisad, hidravlikuri 

winaRobis koeficientis mniSvnelobac mcirdeba (infiltraciis SemTxvevebi aq 

ar ganixileba). filtraciis xarjis cvlileba gvirabis sigrZeze gaTvalis-

winebulia wrfivi damokidebulebiT, romlis marTlzomiereba Sefasebulia 

obieqtis ZalebiT Sesrulebul reJimul dakvirvebaTa monacemebis analizis 

safuZvelze. 

gaangariSebebSi aRniSnulze aranakleb wonadi gadaxra realuri mdgoma-

reobidan ganpirobebulia turbinebis mqk-is saqarxno monacemebis gamoyenebis 

Sedegad. es gadaxra matulobs agregatis dabali simZlavreebiT muSaobisas. 

saWiro gaxda, agreTve, gaangariSebebSi koreqtivis Setana gamowveuli 

gvirabis trasaze ori (olorisa da eris wylis) gadasasvlelis 

konstruqciebTan dakavSirebiT. maTSi energiis kargva gaTvaliswinebul iqna 

gvirabis saTanado hidravlikur parametrebSi. 

aRniSnuli sakiTxebi detaluradaa ganxiluli publikaciebSi [4,5] da 

Sefasebulia SesaZlo cdomilebani gaangariSebis TiToeuli komponentisaTvis. 

cdomilebaTa jamis saSualo sidided miRebulia 6%. 
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zemoaRniSnul garemoebaTa fonze hidravlikuri winaRobis koeficientis 

mniSvneloba, cxadia, muSa reJimis mixedviT icvleba. Sedegad mizanSewonilad 

moiazreba saangariSo parametrebi dadgindes hesis saSualo reJimTan 

miaxloebuli pirobebisaTvis. aseTad miRebulia hesis simZlavre 600-700 mgvt 

farglebSi, wylis xarji 200-250 m3/wm diapazonSi, wyalsacavSi wylis doneze 

4905 m. 

dadgenili parametrebis mixedviT, Sesrulebuli gaangariSebebiT [4,5] 

dawnevis vardnis gamosaxulebisaTvis gvaqvs: 

                          23
w Q10261,0L t  .                                (12) 

SesaZlo cdomilebaTa da koreqtirebuli hidravlikuri parametrebis 

gaTvaliswinebiT koeficientis sidide (12)-Si Seadgens 0,245-s, xolo Sesabamisi 

hidravlikuri winaRobis koeficienti 0=0,0152. 

am koeficientis 0 Sedareba cxrilSi moyvanil sayovelTaod aRiarebuli 

midgomiT miRebul monacemebTan  engurhesis saderivacio gvirabisaTvis 

gvaZlevs: 

_ kolbruk-uaitis formulasTan 0:1=0,0152:(0,0085...0,0120)=1,77...1,41; 

_ altSulis formulasTan 0,01502:(0,0073...0,0108)=2,06...1,39; 

_ frenkelis formulasTan 0,01502:(0,0096...0,0123)=1,57...1,22. 

rogorc vxedavT, naturuli eqsperimentebisa da SemuSavebuli gaangariSebis 

safuZvelze miRebuli -s mniSvnelobebi sagrZnoblad gansxvavdeba am 

koeficientebis normatiuli sidideebisagan. hidravlikaSi gabatonebuli 

warmodgenis sapirispirod, didi diametris gvirabSi hidravlikuri winaRoba 

normalurs bevrad aRemateba. 

amgvarad, dadasturebulad unda CaiTvalos, rom hidravlikuri winaRoba 

wyalsatarebSi matulobs diametris (zogadad, ganivkveTis farTis) zrdasTan 

erTad. 

dawyebul normatiul maCvenebelTan warmoSobili es Seusabamoba unda 

aixsnas movlenis Teoriul safuZvlebSi gamoyenebul daSvebaTa marTebulobis 

ganxilviT. am mimarTebiT aradamajereblad moiazreba varaudi nakadSi wylis 

pulsaciur mdgenelTa urTierTgatolebisa ( '
xv  da '

yv ) da turbulenturi 

Serevis sigrZis l dakavSirebisa siTxis nawilakebis kedlidan daSorebisagan y 

wrfivi kanoniT (l=æy), romelSic karmanis mudmiva æ iTavsebs ra avtomaturad 
orive daSvebis Sedegebs, eqsperimentebis safuZvelze warmodge-nilia mudmiv 
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sidided (æ=0,38...0,40) yvela nebismieri SemTxvevisaTvis sadawneo moZraobis 

pirobebSi. 

amasTanave, sarwmunod ver CaiTvleba is garemoeba, rom procesis Teoriuli 

gamokvlevis mier moTxovnili eqsperimentuli sidideebi i.nikuraZis mier 

gansazRvrulia laboratoriul pirobebSi Sesrulebul eqsperimentuli gamo-

kvlevebiT, mcire diametris milebze, rodesac cdebis diapazoni imdenad viwroa, 

rom Sedegi  Tavsdeba eqsperimentis sizustis ganzomilebaSi da ver amyarebs 

movlenis kavSirs dinebis geometriul faqtorTan. 

wamoWrili sakiTxebis siRrmiseuli gamokvleva naTels mofenda 

hidravlikuri winaRobis fizikur bunebas, saSualebas mogvcemda Camoyali-

bebuliyo saTanado realisturi meTodika yvela Tanmxlebi pozitiviT hesebis 

gegmarebisa da optimaluri eqspluataciis mimarTebiT. am miznis misaRwevad 

warmatebul RonisZiebad warmogvidgeba naturuli eqsperimentebis farTo 

gamoyeneba Tanamedrove xelsawyoTmSeneblobis mier uaxloesi novaciebis bazaze 

Seqmnili maRali sizustis gamzomi aparaturis meSveobiT. maT Soris, qveynis 

energetikuli obieqtebisaTvis, pirvel rigSi, gansakuTrebulad maRalmoTxovnad 

xelsawyod maRali sizustis xarjmzomebi moiazreba. aRniSnuli RonisZiebis 

realizeba warmoSobs hidroenergetikuli xasiaTis mravalmxriv pozitivs. 
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