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fM,II;P0,ll;IIHaMMKa ra30)l(JI,II;KOCTHbIX rrOTOKOB

B KO)I(yXOTpy6HbIX CTpyMHO- MIDKeKI.J;MOHHbIX

arrrrapaTaX (KCIIA)
1. fM,UP0,1l;J1HaMMKa KCHA 6e3 peUMpKYJI5IUMOHHbIX <pa3

A.B. CHBEHKOB, T.H. JIEIiE,UEBA, A.r. HOBOCEJIOB
CaHKm-Ilemep6YP2cKuu2ocyoapcm6eHHblu yHu6epcumem

HU3KomeMnepamypHblx U nuw,e6bIX meXHOl/02UU

Sorption apparatuses for different food production processes use, for
example, an injection principle of formation of gas-liquid mixture, realized in
shell-and-tube jet-injection apparatuses (KSIA). The hydrodynamic
calculations of KSIA are presented, as a result of which the equation for the
determination of geometrical parameters of KSIA without recirculation of
phases, providing sustained and efficient operation, was derived.

COp6IJ,HOHHbIe npOIJ,eCCbIB .nBYX<Pll3HbIX(rll3 - )l(HJU(OCTb)

H TPex<pa3HbIx (ra3 - )l(H.nKOCTb - TBep.naH <pa3a) cpe.nax

HMelOT npaKTH'IeCKOe npHMeHeHHe BO MHorHX OTpaCJIHX

npOMbIllIJIeHHocTH. HanpHMep, B nHB06e3aJIKoroJIbHOH H BH-

Ho.neJIb'IeCKOH OTpaCJIHXnpOMbIllIJIeHHOCTH OT npOIJ,eCCOB

6pO)l(eHHH, caTypaIJ,HH, .necOp6IJ,HH H .ne30.nopaIJ,HH 3aBH-

CHT Ka'IeCTBO nHBa, ra3HpoBaHHbIx HanHTKoB, H3rOTOBJIeH-

HbIX Ha OCHOBe BO.nbI, <PPYKTOBbIXCOKOB,a TaK)I(e opraHO-

JIenTH'IeCKHe nOKa3aTeJIH llIaMnaHcKoro H .upyrHx llIHny-

'IHX aJIKOrOJIbHbIX HanHTKOB.

B .np0)l()I(eBOH npOMbIllIJIeHHOCTH a3p06HOe KYJIbTHBH-

pOBaHHe MHKpoopraHH3MOB (6HOCop6IJ,HOHHbIH npOIJ,ecc)

onpe.neJIHeT 06beM npOH3Bo.nCTBa Hero peHTa6eJIbHOCTb.

OrpOMHoe 3Ha'leHHe COp6IJ,HOHHbIe(xeMocop6IJ,HOHHbIe)

npOIJ,eCCbI HMeIOT B XHMH'IeCKOH, He<pTeXHMH'IeCKOH, XH-

MHKO-<papMaIJ,eBTH'IeCKOH OTpaCJIHX. Oc06aH POJIb OTBO-

.nHTCHnpHMeHeHHIO COp6IJ,HOHHbIX npOIJ,eCCOBB TeXHOJIO-

rHHX a3p06HOH O'lHCTKH CTO'IHbIX BO.n.

~JIH COp6IJ,HOHHbIX npOIJ,eCCOBB npOMbIllIJIeHHOCTH pa3-

pa60TaHO 60JIbllIOe 'IHCJIO annapaTOB pa3JIH'IHbIX KOHCT-

PYKIJ,HH:[1 - 5], Ka)l(.nbIH: H3 KOTOpbIX HMeeT onpe.neJIeH-

HbIe npeHMymecTBa H He.nOCTaTKH. BbI60p OnTHMaJIbHOH:

KOHCTpyKIJ,HHCOp6IJ,HOHHOroannapaTa onpe.neJIHeTCH CBOH:-

CTBaMHnpo.nyKTa H 3KOHOMJ111eCKOH:3<p<peKTHBHOCTbIOnpo-

Be.neHHH npoIJ,ecca B .naHHOH:KOHCTpyKIJ,HH annapaTa.

B HaCTOHlIJ,ee BpeMH .nJIH o6pa30BaHHH ra30)l(H.nKOCT-

HOH:CMeCH HcnoJlb3yeTcR cnoco6HoCTb cBo6o.nHOH: CTpyH

)l(H.nKOCTHYBJleKaTb (HH)I(eKTHpOBaTb) oKpy)l(aIOII.l,HH ee ra3

B pa60'IHH: o6beM )l(H.nKOCTH [5]. B 3TOM cJly'Iae CTpyH

BbInOJlHReT POJlb cpa3Y Tpex yCTpOH:CTB, KOTopbIe B 60Jlb-

~

---~- T --s.-=- ~.:~-- --::!-~ -:--=----:
8~

PUC.1. BapuaHmbl op2aHU3a/{uu nomOK06 rjJa3 6 KCI1A:
r- 2a3; )f( - :JfCUOKOCmb;

1 - KaMepa 1; 2 - KaMepa 2; 3 - OCH06Hoeconl/o;
4 - OOnOI/HUmel/bHOeCOMO; 5 - onycKHafi mpy6a;

6 - nOOoeMHafi mpy6a; 7 - CI/U6Hafi mpy6a;
8 - nepel/U6Hafi KaMepa; 9 - CI/U6HOUnampy60K



IllI1HCTBe KOHCTpyKUI1H COp6UI10HHblX annapaTOB BblnOJI-

HRIOTCRpa3,D,eJIbHO:HarHeTaTeJIR ra3a, ,D,I1CnepraTOpa 11Me-

IllaJIKI1. 3TOT npl1HUl1n 06pa30BaHI1R ra30)f(I1,D,KOCTHOHCMe-

CI1 B pa60qeM 06'beMe annapaTa C ycnexoM 6bIJI peaJIl130-

BaH B KOHCTpyKUI1RX KO)f(yXOTpy6Horo CTPYHHO-I1H)f(eKUI1-

OHHOrO annapaTa (KCl1A), npe,D,CTaBJIeHHOrO Ha Pl1c. 1.
B ,D,aHHOHpa60Te Mbl paccMoTpHM rl1,D,p0,D,I1HaMI1KYB

KCIIA 6e3 peUl1pKyJIRU1111 epa3, T.e. pa60ry annapaTa B

npOTOqHOM pe)f(I1Me (Pl1c. 1,a). B 3TOM cJIyqae nocTyna-

IOllll1e B onycKHyIO Tpy6y 5 ra3 11)f(11,D,KOCTbC COOTBeT-

CTBYIOllll1MI1 MaCCOBblMI1 paCXO,D,aMI1Gr H Go npoxoMT

nO,ll.'beMHyIO 6 11CJII1BHYIO7 Tpy6bl 11onpe,ll.eJIRIOT np0l13-

BO,ll.I1TeJIbHOCTbKCIIA no ra30BoH H )f(H,D,KOCTHOHepa3aM

Ha BXO,D,eI1X B annapaT. Ecnl1 ra3 He paCTBopReTCR B )f(11,ll.-

KOCTH, TO 6y,ll.eT Ha6JIIO,ll.aTbCRpaBeHCTBO 06'beMHblX pac-

XO,ll.OBepa3 Ha BXO,ll.eB annapaT 11BblXO,D,e113Hero npl1 CTa-

UI10HapHbIX pe)f(I1MaX ero pa60Tbl, T.e. B JII060M CeqeHl111

Tpy6 6y,D,eT C06JIIO,ll.aTbCRYCJIOBl1e

Qr + Qo = QCM = const,

r,ll.e Qr H Qo - 06'beMHbIe paCXO,ll.bl ra3a H )f(11,ll.KOCTI1.

Oc06eHHOCTb rl1,ll.p0,ll.I1HaMHqeCKHX paCqeTOB KCIIA
3aKJIlOQaeTCRB TOM, qTO npH ,ll.BH)f(eHHH r(30)f(!1.D.KOCTHOH

CMeCH OT BXO,ll.aee B onycKHyIO Tpy6y Qepe3 nO,ll.'beMHYIO

11K BblXO,ll.y 113CJII1BHOHHa6JIIO,ll.aeTCHnOCne,ll.OBaTenbHblH

nepeXO,ll. HanopHoro ,ll.BIDKeHJij! (B OnyCKHOH Tpy6e) K 6e3-

HanopHoMy (B KaMepe 2) 11BHOBb K HanopHoMy (B CJII1B-

HOH TPy6e). DOJIee Toro, B BepxHeH KaMepe 2 npOI1CXO,ll.I1T

qaCTHtlHaR cenapaUI1R ra30BoH epa3bI 113ra30)f(H,ll.KOCTHO-

ro nOTOKa H HaKOnJIeHl1e ee B BepXHeH qaCTI1 KaMepbl, qTO

npI1BO,ll.HT K nOBblIlleHI1IO B HeH ,ll.aBJIeHI1Rra3a P2, KOTO-

poe, B CBOIOOqepe,ll.b, onpe,ll.eJIReT cHny HanopHoro nOTO-

Ka B CJII1BHOHTpy6e 11ypoBeHb 3anOnHeHJij! r(30)f(!1.D.KOCT-

HOH CMeCbIO KaMepbl 2 .
.upyroH rl1,D,p0,ll.I1HaMl1qeCKOHOC06eHHOCTbIO KCIIA RB-

JIReTCRBXO,D,CB060,ll.HOHCTpyl1 )f(11,ll.KOCTI1B onycKHyIO TPy-

6y (Pl1c. 2,a), cYllleCTBeHHO OTJIl1qaIOllll1HCR OTBXO,ll.a)f(H,ll.-

Puc. 2. YC/loeuJ/ exooa ,JlCUOKOCmu e eepmUKa/lbHYIO mpy6y:
a - HanopHoe OeUJlCeHUe, c030aeaeMoe ceo6ooHoU cmpyeu;

6 - HanopHoe OeU:JICeHUe U3 pe3epeyapa

KOCTI1npl1 HanopHOM ,ll.BI1)f(eHI1I1,paCCMaTpl1BaeMOM B KJIaC-

CHqeCKOH rH,D,paBJII1Ke(Pl1c. 2,6) 0,ll.Hoepa3HbIx nOTOKOB.

B HailleM CJIyqae npl1 BXO,D,eCB060,ll.HOH CTpyl1 B ra30-

)f(11,ll.KOCTHYIOCMeCb,3anOJIHjjIOlllYIO onycKHYIO Tpy6y, JIHllIb

qaCTb nOnepeqHoro CeqeHI1R nOH Tpy6bI HaXO,D,I1TCRno,D,

,ll.eHCTBl1eM ,ll.aBJIeHI1RCTpyl1, a qaCTb - I1CnbITbIBaeT B03-

,D,eHCTBl1era30BoH epa3bI, HaXO,D,RllleHCRB KaMepe 1, T.e. B

CeqeHI1I1, cOOTBeTcTBYIOllleM TOqKe BXO,D,aCTpyH B )f(H,D,-

KOCTb, Ha6JIIO,ll.aeTCRcYlllecTBeHHblH rpa,ll.l1eHT e,D,I1HI1QHbIX

,ll.aBJIeHI1H.

IIB TOM, 11B ,ll.pyroM CJIyQae BeJII1QI1Ha rH,ll.paBJIHQeCKO-

ro COnpOTI1BJIeHI1RB onycKHoH TPy6e (HI1)f(e BepXHero cpe-

3a) 6y,D,eTB onpe,ll.eJIeHHOH Mepe BJIHRTb Ha ypoBeHb CBO-

60,ll.HoH nOBepxHOCTH )f(H,ll.KOCTHB KaMepe 1. OQeBI1,ll.HO,

qTO QeM 60JIbllIe 3TO conpOTHBJIeHHe, TeM Bblille ypoBeHb

)f(11,ll.KOCTHHa,ll. BepXHI1M cpe30M onycKHoH Tpy6bI.

B cJIyQae cTpyHHoro BBO,ll.a)l(H,ll.KOCTHB onycKHyIO TPy-

6y 3TOT epaKT CTaHOBI1TCR3HaQI1MblM, TaK KaK OT ypOBHH

3anOJIHeHI1R BepxHeH KaMepbI 1 3aBI1CI1T ,ll.nl1Ha CB060,ll.-

HOH CTpyl1, I1H)f(eKTl1pYIOllleH OKPY)f(aIOlllHH ee ra3, 11npl1

,D,OCTH)f(eHHI1ypoBHeM )l(H,ll.KOCTI1cpe3a conna (MHHa cTPYI1

Lo = 0) yHOC raJa npeKpaTHTcH, qTO npHBe,ll.eT K HapYllIe-

HHlO pa60TbI arrrrapaTa.

B 3TOH CBH3H H B03HHKaeT He06xo,ll.HMOCTb pa3pa60TKH

MeTO,ll.I1KHrH,ll.p0,ll.HHaMHQeCKHX paCqeTOB KCIIA 6e3 pe-

UllpKyJIHUHH epa3C rrOCne,ll.y\ollleH 3KcnepHMeHTaJIbHOH ee

rrpoBepKoH. C 3TOH uenbIO paccMoTpHM Cne,ll.y\olllYIO pac-

qeTHyIO cxeMY, npe,ll.CTaBJIeHHyIO Ha pHC. 3.
IlycTb ,ll.HaMeTpbI H BbICOTbl Bcex Tpy6 6y,ll.YT O,ll.HHaKO-

BblMH H COOTBeTCTBeHHOpaBHbl dTP H HTP'
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Puc. 3. CxeMa KCHA c nepezopooKOU e eepxHeu Kalwepe
(annapam npomoliHozo muna)



BOCnOJIb3yeMcH MeTO,lJ,HKOH,KOTOpaH 6bIJIa npHMeHeHa

B pa60Te [4] ,lJ,JIHaHaJIH3a pacnpe,lJ,eJIeHHH ,lJ,aBJIeHHH B

,lJ,ByXTpy6HOM ra3JIH<pTHOM peaKTope.

,lJ,aBJIeHHe B TOqKe A no,lJ, onycKHoH Tpy60H 6y,lJ,eT

2
IJ. PlKVOPA = PI + PeMgHeM.1I- PII +-2-' (1)

r,lJ,ePI - ,lJ,aBJIemle ra30BOH <pa3bI B BepxHeH KaMepe 1,
na;
PeM- nJIOTHOCTb ra30:lKH,lJ,KOCTHOHCMeCH B onycKHoH

Tpy6e, Kr/M3;

g - yCKopeHHe cB060,lJ,HOrO na,lJ,eHHH, M/c2;

HeM.H- BbICOTa cToJI6a CMeCH B onycKHoH Tpy6e, M;

I:1PH - nOTepH ,lJ,aBJIeHHHB onycKHoH Tpy6e, ITa;

PlK- nJIOTHOCTb :lKH,lJ,KOCTHOHCTpyH, Kr/M3;

Vo - HaqaJIbHaH CKOpOCTb CTPYll :lKH,lJ,KOCTH,wc.

,lJ,aBJIeHHe B TOqKe B Ha BXO,lJ,era30:lKH,lJ,KOCTHOHCMeCH

B nO,lJ,beMHyIO Tpy6y .

PB = P2 + PeM.8 g HeM.8 - I:1PB' (2)
r,lJ,eI:1PB - nOTepH ,lJ,aBJIeHHHB nO,lJ,beMHOH Tpy6e, ITa;

P2 - ,lJ,aBJIeHHera30BOH <pa3bI B BepxHeH KaMepe 2, ITa;

HeM.8 - BbICOTa cToJI6a CMeCH Ha,lJ,TO~OH B, M;

PeM.B- nJIOTHOCTb B TOqKe B.
Y qHTbIBaH, qTO ,lJ,aBJIeHHeP A 6Y,lJ,eT60JIbille ,lJ,aBJIeHHH

2

P Ha BeJIHqHHY IJ.p = ~ PeM WeM , MO:lKHO3anHCaTb
B AD AD 2

PA - I:1PAD = PD' (3)
r,lJ,eWeM - npHBe,lJ,eHHaH CKOpOCTb ra30:lKH,lJ,KOCTHOHCMe-

CH, M/c; WeM= (Qo + Qr)/S-rp,

r,lJ,eS-rp- IlJIOIIIa,lJ,b Tpy6bI, M2;

~AB - K03<P<PHJU1eHTMeCTHbIX ConpOTHBJIemrn rrpH ne-

peXO,lJ,era30:lKH,lJ,KOCTHOro nOTOKa OT TOqKH A K TOq-

Ke B.
npHHHMaH BO BHHMaHHe, qTO

PeM= Pr <Pr+ PlK (1 - <Pr)' (4)
r,lJ,e Pr - nJIOTHOCTb ra3a;

<Pr- ,lJ,OJIHra3a B CMeCH,

H yqHTbIBaH, qTO PlK » Pp MO:lKHO3anHcaTb

PeM= PlK (1 - <Pr), (5)
H TOr,lJ,aypaBHeHHe (1) npHMeT CJIe,lJ,YIOIIIHHBH,lJ,:

2
Po Vo ) IJ.PA =PI+-2-+P",gHeM.II(1-qJr - PII' (6)

BTopoe CJIaraeMOe B npaBOH qaCTH ypaBHeHHH (6) eCTb

KHHeTHqeCKaH 3HeprHH CTpyH, KOTopaH npH BXO,lJ,eCTpyH B

onycKHyIO Tpy6y qaCTHqHO nepeXO,lJ,HTB nOTeHIIHaJIbHYIO

3HeprHIO ,lJ,aBJIeHHH,KOTOpaH paCXO,lJ,yeTcHHa nOBbIllleHHe

ypOBHH :lKH,lJ,KOCTHB onycKHoH Tpy6e H Ha npeO,lJ,OJIeHHeHH-

:lKeJIe:lKamHX rH,lJ,paBJIHqeCKHX conpOTHBJIeHHH:. ITapaMeTp

Po - nJIOTHOCTb ra30:lKH,lJ,KOCTHOH:CTPYH, KOTOpyIO MO:lKHO

npe,lJ,CTaBHTbno aHaJIOrHH C ypaBHeHHHMH (4) H (5) KaK

Po = PlK (1 - ~r)' (7)
r,lJ,e ~r - paCXO,lJ,HOera30CO,lJ,ep:lKaHHe, ~r = Qr I(Qr + Qo)'

C yqeTOM ypaBHeHwI (7) 3aBHCHMOCTb (6) MO:lKeT 6bITb

npe,lJ,CTaBJIeHa B BH,lJ,e

2

PA = PI + P;Vo
(l-~r)+PlKgHeMII(1-<Pr)-IJ.PII' (8)

ITo aHaJIOrHH ypaBHeHHe (2) npe06pa3yeTcH K cJIe,lJ,YIO-

IIIeMy BH,lJ,Y:

PB = pz + PlK g HeM.B (1 - <Pr.B)- I:1PB' (9)
r,lJ,e <Pr.B- ,lJ,OJIHra3a B CMeCH B nO,lJ,beMHOH Tpy6e.

IToTepH ,lJ,aBJIeHHHB onycKHoH Tpy6e (HHCXO,lJ,H:IIIHHno-

TOK) H B nO,lJ,beMHOH(BOCXOMIIIHH nOToK) 3anHilleM B CJIe-

,lJ,YIOIIIeM BH,lJ,e:

I:1PH = I:1PM.H + I:1PM.H
H

I:1PB = I:1PM.B + I:1PM.B'
r,lJ,eI:1PM.H H I:1PM.B - nOTepH ,lJ,aBJIeHHH,CBH:3aHHbIe C npe-

O,lJ,OJIeHHeMrH.D.paBJIHqeCKHX CorrpOTIIB~eHHH no ,lJ,JIH-

He B OrryCKHOH H nO,lJ,beMHOHTpy6ax COOTBeTCTBeHHO;

I:1pM.HH I:1pM.B- nOTepH ,lJ,aBJIeHHH,CBH:3aHHbIe C npe-

O,lJ,OJIeHHeMMeCTHbIX m.n.paBJIlflIeCKHX CorrpOTIIBJIeHHH

B onycKHoH H nO,lJ,beMHOHTpy6ax COOTBeTCTBeHHO.

IToTepH no ,lJ,mme paCCqHTbIBaIOTCH: comaCHO pa60Te

[4] no ypaBHeHHHM (10) H (11):

An - A HeM.H PlKW~.H

~ MH - H dTfJ 2(1- qJr )1,75

H P 2
An A TfJ lKWlK.B (11)
~MB = H d 2(1- qJ )1,75

TfJ LB

BXOMIIIHe B ypaBHeHHH (10) H (11) K03<p<PHIIHeHTbI Tpe-

HHH no ,lJ,JIHHeI
H

H IB onpe,lJ,eJIHIOTCH:no 06IIIenpHHHTbIM

ypaBHeHHHM KJIaCClflIeCKOH rH.D.paBJIHKHB 3aBHCHMOCTH OT

pe)l(HMa ,lJ,BH:lKeHHHH lllepOXOBaTocTH CTeHOK Tpy60npo-

BO,lJ,a.B qaCTHOCTH, B pa60Te [4] peKOMeH,lJ,yeTcH ypaB-

HeHHe, npHHHToe ,lJ,JIHrH,lJ,paBJIHqeCKH ma,lJ,KHX Tpy6,

A = 0,316IReo,z5, (12)

r,lJ,eRe - KpHTepHH PeHHOJIb,lJ,Ca,

Re = wlKd-rp/vlK;

VlK - KHHeTHqeCKaH BH3KOCTb :lKH,lJ,KOCTH.

bOJIee CJIO:lKHYIO 3a,lJ,aqy npe,lJ,CTaBJIHeT c060H: OIIeHKa

MeCTHbIX conpOTHBJIeHHH npH ,lJ,BH:lKeHHH,lJ,BYX<Pa3HbIXno-

TOKOB B BepTHKaJIbHbIX Tpy6ax.

IToTepH nOTeHIIHaJIbHOH 3HeprHH Ha npeO,lJ,OJIeHHHMec-

THbIX conpOTHBJIeHHH B onycKHoH Tpy6e I:1PMH 6y,lJ,yT on-

pe,lJ,eJIHTbCHTOJIbKO MeCTHbIM conpOTHBJIeHHeM Ha pac-

IllHpeHHe CB060,lJ,HOHrH,lJ,paBJIHqeCKOH CTpyH CeqeHHeM Se

,lJ,0 :lKHBOrO CeqeHHH rH,lJ,paBJIHqeCKOrO nOTOKa, pa3Mep

KOTOpOro onpe,lJ,eJIeH nJIOIIIa,lJ,blO nOnepeqHOrO CeqeHHH

Tpy6bI STP'



OQeHKa napaMeTpa !i.PM.H npe,D;CTaBJUleT C060M CJIO)f(-

Hyro TeOpeTHqecKylO H 3KCnepHMeHTaJIbHyro 3a,D;aqy H

51BJI5IeTC5Inpe,D;MeTOM 6y,D;ymHx HCCJIe,D;OBaHHH.Ha ,D;aH-

HOM 3Tane MbI BbIHY)f(,D;eHbI OrpaHHqHTbC5I KOHCTaTaQHeM

HaJIH"IH5I 3TOrO 51BJIeHH5IB onycKHoM TPy6e H BBeCTH ero B

KOHeqHOe paCqeTHOe ypaBHeHHe.

DOTepH Ha npeO,D;OJIeHHe MeCTHbIX conpOTHBJIeHHM B

nO,D;'beMHOMTpy6e 6y,D;YTonpe,D;eJIHTbC5IMeCTHbIM conpo-

THBJIeHHeM Ha BbIXO,D;eraJO)f(H,D;KOCTHOro nOTOKa H3 Hee

[4], T.e.

P w2

/).p - /).p - ,l: '" "'.B (14)
M.B - BblX - ':>BbIX 2(1- )2

({Jr.B

DOTepH ,D;aBJIeHH5I!i.p AB 6y,D;YT onpe,D;eJIHTbC5I BeJIHqH-

HOM MeCTHbIX conpOTHBJIeHHM npH BbIXO,D;era30)f(H,D;KOCT-

Horo nOTOKa H3 onycKHoM Tpy6bI B HH)f(HlOlO KaMepy, no-

BopOTe ra30)f(H,D;KOCTHOro nOTOKa iIa 1800 H BXO,D;eero B

nO,D;'beMHylO Tpy6y H3 HH)f(HeM KaMepbI, T.e.

!i.PAB = !i.PBbIX + !i.p I800 + !i.PBX . (1S)

OQeHKa Ka)f(,D;OrOCOnpOTHBJIeHH5I, BXO.D;5lmerO B ypaB-

HeHHe (15), OT,D;eJIbHOHe npe,D;CTaBJIHeTC5IB03MO)f(HOM, no-

3TOMy QeJIeC006pa3HO onpe,D;eJI5ITb 3HaqeHHe !i.p AB 3KC-

nepHMeHTaJIbHO M5I Ka)f(,D;OMOT,D;eJIbHOB351TOMKOHCTpyK-

QHH KCl1A no ypaBHeHHlO

2
A -,l: p", W",.B (16)
uPAB - ':>AB 2(1- )2 '

({Jr.AB

r,D;e SAB - K03<P<PHQHeHTMeCTHoro conpOTHBJIeHH5I npH

nepeXO,D;era30)f(H,D;KOCTHOronOTOKa H3 onycKHoM TPy-

6bI B nO,D;'beMHylO; <P r.AB - Cpe,D;Hee 06'beMHOe ra3O-

CO,D;ep)f(aHHe,

<P r.AB = (<p r + <P rB) /2.
C yqeToM npHBe,D;eHHblx BbIllie ypaBHeHHM 3aBHCHMOCTb

(3) MO)f(HO npe,D;CTaBHTb B cJIe,D;yromeM BH,D;e:

2 H
P +P",vO(I_B )+P gH (l-ffl)-"A.-lliJ!.X

1 2 r)l{ eM." 't'r II d
TJl

2 2 H
X_P_",_W_",._"_ ~ _P_", W_._", __ - P2 + "A. _c_,,_B X

2(1- cpJ.75 AB (1- CPrAB)2 • dTJl

2 2

X P",W",.B +l' P",W",.B + H (1- )
2(1- )1.75 'o ••••x 2(1- )2 p",g CM.B CPr.B·

CPI·.B CPr..

B ypaBHeHHH (19) Bblpa)f(eHHe B KBa,D;paTHbIX CK06-

Kax npe,D;CTaBJI5IeT C060M K03<p<PHQHeHT conpOTHBJIeHH5I

ceTH Ss, COCT05lmeM H3 onycKHoM H nO,D;'beMHOM Tpy6,

KOTOpbIM MO)f(eT 6bITb onpe,D;eJIeH 3KcnepHMeHTaJIbHO,

eCJIH H3BeCTHbI Bce napaMeTpbI JIeBOM qaCTH 3Toro

ypaBHeHH5I.

Tor,D;a OKOHqaTeJIbHO HMeeM

P v2

(PI - P2) + ; 0 (1- f3J+ p",gHCM.H (1- ({Jr ) -

2

-p",gHCM.B (1- ({Jr.B) = SSP",;", .
DOJIyqeHHOe ypaBHeHHe n03BOJI5IeT BbIllOJIHHTb rH,D;pO-

,D;HHaMHqeCKHe H KOHCTPYKQHOHHble paCqeTbI KCI1A 6e3

peQHpKyJI5IQHH <pa3 H, B qaCTHOCTH, Onpe,D;eJI5ITbTpe6ye-

MylO BbICOry Tpy6 KCI1A, KOTOpa5106eCneqHBaeT yCTOM-

qHBylO H 3<p<peKTHBHylO ero pa60ry B 3a,D;aHHOMpe)f(HMe.

B03MO)f(HO H pellIeHHe 06paTHOM 3a,D;aqH. DPH H3BeCTHbIX

3HaqeHH5IX HCM B Tpy6ax nOHBJI5IeTC5IB03MO)f(HOCTb OQeH-

KH rMpaBJIH"IeCKHX conpOTHBJIeHHi1:QRPKYJIHQHOHHOroKOH-

Typa, qTO KpaMHe He06xo,D;HMO ,D;JI5ICOCTaBJIeHH5IMeTO,D;H-

KH paCqeTa KCHA C peQHpKyJI5IQHeM <pa3 B Tpy6ax (CM.

pHC. 1,2,3).
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