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uak 628.1 

 

nawilakebis formis gavlena hidravlikur sisxoze 

Camdinare wylebis meqanikuri gawmendis dros  

 

z. gviSiani, d. gurgeniZe, z. cinaZe, s. bukia  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia nawilakebis formis gavlena hidravlikur sisxoze Cam-

dinare wylebis meqanikuri gawmendis amocanebSi. kvlevis Sedegad 

miRebuli monacemebi warmodgenilia grafikuli da empiriuli da-

mokidebulebebis saxiT. dadginda, rom miRebuli empiriuli damo-

kidebulebis gamoyeneba sainJinro praqtikaSi SesaZlebelia. 

 

sakvanZo sityvebi: Camdinare wylebi; meqanikuri gawmenda; hidravlikuri sis-

xo; nawilakebis formis gavlena. 

 

 

1. Sesavali 

 

Camdinare wylebis meqanikuri gawmendis amocanebis gadaWrisas saniaRv-

re an gaerTianebuli wyalarinebis sistemebSi katastrofuli atmosferuli 

naleqebis dros didi mniSvneloba eniWeba zedapiruli wylebis myari fazis 

granulometriuli Sedgenilobisa da nawilakebis formis gaTvaliswinebas 

[1,3,4,6,10,19,20,21].  

 

2. ZiriTadi nawili 

 

nawilakebis wyalSi vardnisas, vardnis reJimis miuxedavad, hidravliku-

ri sisxos klasikur modelSi saWiroa nawilakis formis gaTvaliswineba. 

cnobilia avtorTa [7,8,11,12,13,14,16,17,18] naSromebi da praqtikaSi aprobirebu-
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li damokidebulebebi. magaliTisaTvis ganvixiloT a.b.veqsleris [6,12] damo-

kidebuleba: 
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hidravlikuri sisxos formula (1), laminaluri reJimis dros ( 1Re   da 

nawilakebis diametri d 0.05 mm-ze), stoqsis formulis saxes iRebs: 
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 (2) 

xolo turbulenturi reJimis dros ( 400Re   da nawilakebis diametri 

5.2d mm-ze)  

 w gd
.
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,  (3) 

sadac d  nawilakis diametria; g  - Tavisufali vardnis aCqareba; 2  _ nawi-

lakis simkvrive; 1  _ xsnaris simkvrive;   _ siblantis kinematikuri koefi-

cienti. 

nawilakis formis ߚ௪	koeficienti a.b. veqsleris (4) damokidebulebiT 

ganisazRvreba, romelic, Tavis mxriv, v.v. romanovskis [12,15] empiriul 

monacemebs eyrdnoba:  
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sadac  
ab

d 2

 , 

d  dayvanili diametria, a da b _ nawilakis udidesi kveTis sigrZe da 

sigane.  
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Catarebulma kvlevebma cxadyo, rom nawilakTa vardnis laminaruli re-

Jimis dros forma gavlenas ar axdens da βw=1, xolo turbulenturi reJi-

mis dros, rodesac Re≥400, (4) martivdeba: 

 75.04.2  w .  (5) 

r.s. retingerma SeimuSava hidravlikuri sisxos formula [11,15] turbu-

lenturi reJimis dros: 

  1 dKw p , (6) 

sadac ܭ௣ nawilakis formis koeficientia; ߜ _ nawilakis fardobiTi simkv-

rive. 

eqsperimentuli gziT r.s. retingerma gansazRvra nawilakis formis koe-

ficientis mniSvneloba: sferosebri nawilakebisaTvis _ 2.73, waxnagovani 

formisaTvis _ 2,97, firfitovani formisaTvis _ 1,97. 

m.a. velikanovma da a.p. zegJdam [4,5,6,15] sakuTar da sxva mecnierTa eqspe-

rimentul kvlevebze dayrdnobiT sferosebri nawilakebisaTvis miiRes empi-

riuli damokidebuleba:  
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sadac  
wr

Re 


. 

gamosaxuleba (7) martivi gardaqmnebis Semdeg stoqsis formulis saxes 

iRebs mcire zomis nawilakebisaTvis, xolo msxvili nawilakebis SemTxveva-

Si _ retingerisas. gasaTvaliswinebelia, rom d ekvivalenturi diametria. 

nawilakebis formis hidravlikur sisxoze gavlenis mizniT Catarda 

eqsperimentuli kvleva specialur mowyobilobaze, romlis moqmedebis prin-

cipi mdgomareobs gadamwodTa mier gagzavnil signalTa drois Sualedis 

fiqsirebaSi. signalebi warmoiqmneboda gadamwodebis gaswvriv magnituri 

mtveriT daniSnuli nawilakebis Cavlisas. gadamwodebs Soris manZili 500 mm-

ia. xelsawyos tarirebisas ganisazRvra cdomileba, romelmac . %015  Seadgi-

na. eqsperimenti Catarebul iqna sferosebri, mravalwaxnagovani da firfito-

vani formis nawilakebze, romelTa diametri 0.1 mm-dan 10 mm-mde icvleboda. 
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eqsperimentebis dros nawilakebi vardeboda wylis zedapiridan milis Rer-

Zis gaswvriv. Sedegebi warmodgenilia naxazze.  

monacemebis maTematikuri statistikis meTodebiT damuSavebis Semdeg 

miRebulia empiriuli damokidebulebebi: 

sferosebri formis nawilakebisaTvis:  

 96.10.1120  du ; (8) 

  

mravalwaxnagovani formis nawilakebisaTvis:   

 1,85- 105.7 0 du  ;  (9) 

  

firfitovani formis nawilakebisaTvis:  

 0,98 - 56 0 du  , (10) 

 

sadac 0u  nawilakebis hidravlikuri sisxoa, mm/wm; d _ nawilakebis diametri, mm. 
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(8), (9) da (10) gamosaxulebebisaTvis ganisazRvra saSualo kvadratuli 

gadaxra, romelmac Sesabamisad 995.02 R , 993.02 R  da 998.02 R  Seadgina. 

miRebuli mniSvnelobebi praqtikaSi gamoiyeneba. 

cdebis Sedegebis analizma gviCvena (naxazi), rom sferosebri da mraval-

waxnagovani formis nawilakebis hidravlikuri sisxos mniSvnelobebi gansx-

vavdeba, magram erTmaneTTan miaxloebulia. maTTvis aRiniSna nawilakTa 

vardnis sami reJimis arseboba - laminaruli, gardamavali da turbulenturi. 

rodesac firfitovani formis nawilakebis hidravlikuri sisxos Semcirebisa-

ken sagrZnobi gadaxra Cans, adgili aqvs vardnis laminarul da gardamaval 

reJimebs, rac ganpirobebulia firfitovani formis TaviseburebiT. kerZod, 

nawilakis wyalSi vardnisas udidesi wibo orientirebulia moZraobis mimar-

Tulebis perpendikularulad [9,17]. Sesabamisad, izrdeba wylisa da nawila-

kis Sexebis farTobi da winaRobis Zalis mniSvneloba. gamokvleuli firfi-

tovani formis nawilakebis diametrTa mTel diapazonSi vardnisas aRiniSna 

horizontalur sibrtyeSi marjvniv da marcxniv gadaadgileba, rasac piro-

biTad "friali" vuwodeT. es movlena vardnasac aferxebs.  

monacemTa damuSavebis Semdeg etapze miRebuli damokidebuleba (8), (9) 

da (10) empiriul formulebs aerTianebs: 

  f/]1,96- 112.04[0 du   (m/wm),  (15) 

sadac d nawilakis diametria mm; f  _ formis koeficienti, uganzomilebo 

sidide, misi mniSvnelobebia: sferosebri formisTvis - 1, mravalwaxnagovani 

formisTvis - 1.06, firfitovani formisTvis - 2; 65.2 g⁄sm3 _ nawilakTa 

simkvrive.  

miRebuli Sedegebis Sesamowmeblad ganvixiloT magaliTi. ganvsazRv-

roT horizontaluri qviSadamWeris sigrZe.  

mocemulia: Camdinare wylebis maqsimaluri da minimaluri xarjebi, 

Sesabamisad, ݍ௠௔௫=0.75m3⁄wm da ݍ௠௜௡ =	0.25m3⁄wm; wylis siRrme mimwodebel arxSi 

maqsimaluri xarjis dros _ h=0.9m; wylis nakadis siCqare maqsimaluri 

xarjis dros _ ௠ܸ௔௫=300mm⁄wm; dasaleqi nawilakebis diametri _ d=0.25 mm; 

wylis temperatura _ 20°C. 
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amoxsna. mocemuli diametris nawilakebisaTvis hidravlikuri sisxos 

mniSvneloba ganisazRvreba (15) damokidebulebiT. sferosebri nawilakebi-

saTvis _ ݑ଴=26,05 mm⁄wm, mravalwaxnagovanisaTvis _ ݑ଴=24,57 mm⁄wm,  firfi-
tovani formisaTvis _ ݑ଴=13,02 mm⁄wm.  

w nakadis siCqaris vertikaluri turbulenturi mdgeneli ganisazRvreba 

formuliT: ݓ = 0.05 ௠ܸ௔௫=0.05x300=15mm⁄wm (gaangariSeba grZeldeba cxrilSi). 

 

saangariSo 
formula 

nawilakebis forma

sferosebri  
d . 025  mm 

mravalwax-

nagovani 

d . 025  mm 

firfitovani 

 

d . 03 mm 

 

d . 045 mm 

 

d . 05 mm 

nawilakebis 

daleqvis siCqare 

(mm/wm):  ݑ = ටݑ଴ଶ −  ଶݓ

21.3 19.5 5.0 19.0 22.5 

qviSadamWeris 

sigrZe (m): ܮ = ௠ܸ௔௫ ∙ ℎ	ݑ 	 12.0 13.0 53.6 14.2 12.0 

   

cxrilidan Cans, rom sferosebri da mravalwaxnagovani nawilakebisT-

vis qviSadamWeris sigrZe L (m) erT diapazonSia.  

 im SemTxvevaSi, roca firfitovani formis nawilakebis ekvivalenturi 

diametri 0,25 mm-ia, misi hidravlikuri sisxo 13,02 mm/wm-ia, nawilakis daleq-

vis siCqaris formulaSi  

ݑ  = ඥݑ଴ଶ −  ଶ    (16)ݓ

fesvqveSa gamosaxuleba uaryofiT mniSvnelobas iRebs. es mianiSnebs, rom 

nawilaki mocemul pirobebSi ar daileqeba - darCeba Setivnarebuli. 

firfitovani formis nawilakebis ekvivalenturi diametris zrda iwvevs 

qviSadamWeris sigrZis Semcirebas. 0,25 mm sferosebri formis nawilakis 

diametris da 0,5 mm firfitovani formis nawilakis ekvivalenturi diamet-

ris dros qviSadamWeris sigrZe L (m) erTmaneTTan miaxloebulia.  
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3. daskvna 

 

Camdinare wylebis meqanikuri gawmendis safexurze nagebobaTa hidrav-

likuri gaangariSebisas nawilakebis ekvivalenturi diametriT operireba 

mizanSewonili ar aris.  

cxrilSi warmodgenili gaangariSeba cxadyofs, rom qviSadamWeris op-

timaluri zomebis dasadgenad aucilebelia nawilakebis formis gavlenis 

gaTvaliswineba hidravlikur sisxoze. 

Camdinare wylebis qviSadamWeris zomebis dazusteba wylis gawmendis 

efeqturobis amaRlebis saSualebas iZleva. 

Camdinare wylebis gawmendis pirvel safexurze miRebuli dadebiTi 

efeqti _ winaswar gansazRvruli diametris nawilakebis mocileba _ gaw-

mendis sruli ciklisa da misi ekonomikuri efeqturobis amaRlebas iwvevs.  
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