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HCCJIe,n;OBaHlte rrpouecca BCKMrraHlI5IrreperpeTOrO

paCTBOpa 6pOMlICTOrO JIlITlI5I
KaHO. meXH. HayK r.B. KYPlfJIOB, B.B. MOCTHlJ,KlfH, C.H. nhDKOB

The process of boiling of superheated lithium bromide solution as a jet is
experimentally studied. On the basis of experimental data a criterion equation
for the calculation of the process of water evaporation from the jets of the
solution and the expression for the coefficient of evaporation are obtained.

BIDKHbIM HCTO"llillKOM3KOHOMIDITOruU1Ba}IBJU1eTC}IHCnOJIb-

30BaHHe HH3KonOTeHl.\HaJIbHbIX BTOpl{tlHbIX 3HepropecypCOB

(B3P): TenJIa OTXO;:VIll\11X,lJ,bIMOBbIXrrooB C TeMneparypoH

300 DC H MeHee; TenJIa OXllIDK,lJ.alOl.l\eHBO,lJ,bl;TenJIa, Tep}l-

eMoro nOBepXHOCT}lMH MeTaJIJIYPrl{tleCKI1X arperaTOB; Ten-

JIa BblTIDKHblX CHCTeMnpOMBe.HTHJllli:..UiHH T.,lJ,.

B ,[(OHeI.\KOM<pWHaJIe «BI-lliIlHtIepMeT3HeproOtIHCTKa»

6blJ1 propa60TaH HOBblH THn TenJIOYTHJIH3al.\HOHHOH yCTa-

HOBKH - TenJIOXOJIO,lJ,HJIbHbIHarperaT (TXA), B KOTOpOM

nOBblllleH TeMneparypHblH ypoBeHb OTBO,lJ,HMbIXTenJIOT

a6cop6I.\HH H KOH,lJ,eHCaI.\HH6JIaro,lJ,ap}l npHMeHeHHlO ,lJ,onOJI-

HHTeJIbHOHcryneHH a6cop61.\HH C ,lJ,aJIbHeHIllHM HCnOJIb30-

BaHHeM OTBO,lJ,HMOrOOT cepHHHblX MalllHH AEXM-2500 H

AEXM,[(-2500 TenJIa )J,J1}1l.\eJIeH OTOnJIeHH}I Ha 60JIee BbI-

COKOMTeMneparypHoM ypOBHe.

JTOT arperaT n03BOJIHeT CYl.l\eCTBeHHO nOBblCHTb HC-

nOJIb30BaHHe HH3KOnOTeHI.\HaJIbHbiX B3P, TaK KaK napaJI-

JIeJIbHO C npOH3BO,lJ,CTBOMXOJIO,lJ,aBblpa6aTbiBaeTC}I TenJIO

Ha 6roe omHpaeMoro OT OXllIDK,lJ.aeMbIX 06beKTOB, npH-

tIeM co 3HatIHTeJIbHbIM COKpal.l\eHHeM paCXO,lJ,aOXllIDK,lJ.a-

IOJl.I.eHBO,lJ,bI.

B TXA MO)f(eT HCnOJIb30BaTbC}I TenJIO OTXO,lJ,}II.l\HX,lJ,bl-

MOBblX rrooB C TeMneparypoH 250 DC H Bblilie.

PereHepal.\H}I neperpeToro a6cop6eHTa OCYl.l\eCTBJIHeTC}I

npH ero cryneHtIaTOM BCKHnaHHH C nepe,lJ,atIeH TenJIOTbl

KOH,lJ,eHCaI.\HHBbmapOB cryneHeH BCKHnaHIDI CJIa60My pa-

CTBOpy a6cop6eHTa, HanpaBJIHeMoMy Ha pereHepal.\HIO.

C03,lJ,aHHe TXA nOTpe60BaJIO propa60TKH MeTO,lJ,HKH

paCtIeTa annapaTOB.

,[(JIH paCtIeTa 60JIblIIHHCTBa annapaTOB 6blJ1H npHMeHe-

Hbl H3BeCTHble 3aBHCHMOCTH. O,lJ,HaKOnpH paCtIeTe MHO-

rocTyneHtIaTOrO pereHepaTopa paCTBopa no H3BeCTHOH

MeTO,lJ,HKe[ 1] nOJIytIaJIHCb annapaTbl 60JIblIIHX ra6apHToB

H, eCTeCTBeHHO, 60JIblllOH MeTaJIJIOeMKOCTH.

,[(JIH CHH)f(eHHH MeTaJIJIOeMKOCTH annapaToB H yJIytIllle-

HHH pro,lJ,eJIeHHH BO,lJ,HHOrOnapa l.\eJIeC006proHo pereHe-

pal.\HIO paCTBopa B cryneH}lX npOH3BO,lJ,HTbB CTpyHX.

ITp0l.\ecc BCKHnaHHH neperpeToro paCTBopa 6pOMHCTO-

1'0 JIHTHH B CTpyHX ,lJ,0HaCTOHl.l\erO BpeMeHH He 6blJI H3Y-

tIeH. ,[(JIHero HCCJIe,lJ,OBaHHH6bIJIa C03,lJ,aHa3KcnepHMeHTa-

JIbHa}l yCTaHoBKa, npHHI.\HnHaJIbHa}l cxeMa KOTOpOHnpe,lJ,-

CTaBJIeHa Ha pHc.l.

CxeMOH H3MepeHH}I npe,lJ,ycMaTPHBaJICH 3aMep TeMne-

parypbl, ,lJ,aBJIeHHH,paCXO,lJ,OB,KOHl.\eHTpal.\HH nOTOKOB,T. e.

Tex napaMeTpOB, KOTopble ,lJ,a)J,YTB03MO)f(HOCTb nOJIytIHTb

BeJIHqJfHbl, BXO,lJ,HI.l\HeB 0606l.l\aJOl.l\He <P0PMYJIbl: napaMeTp

HcnapeHH}I cr, HH,lJ,eKCHcnapeHIDI n, KpHTepHH Re, PI', Nu.
B COOTBeTCTBHHC TeopHeH npOTeKaHH}I ·np0l.\eCca H3

KpHTepHaJIbHOrO ypaBHeHIDI Nu = .f{Re,Pr) onpe,lJ,eJI}leTC}I

a - K03<P<PHI.\HeHTnpOnOpI.\HOHaJIbHOCTH, xapmcrepH3ylO-

I.l\HH nepe,lJ,aqy TenJIa OT)f(H,lJ,KOHK napOBOH <proe. B ,lJ,aJIb-

HeHllleM onpe,lJ,eJI}lIOTC}I napaMeTP HcnapeHHH cr, HH,lJ,eKC

HcnapeHIDI n H K03<p<pHI.\HeHTHcnapeHIDI K
H

•

,[(JI}I npOBepKH npHH}lTbIX 3aBHCHMOCTeH, MeTO,lJ,HKH06-

pa60TKH 3KcnepHMeHTaJIbHbIX ,lJ,aHHblX H npaBHJIbHOCTH

npHmToH cxeMbl H3MepeHHH nepBOHatIaJIbHO 6blJIH npoBe-

,lJ,eHblOnblTbl Ha BO,lJ,e.

ITepe,lJ,HcnblTaHIDIMH npOBO,lJ,HJIHCbTapHpoBKa HaCa,lJ,OK

H onpe,lJ,eJIeHHe K03<P<PHI.\HeHTOBpacxo,lJ,a f.l 3KcnepHMeH-

Puc. 1. flpUHIJ,UnuQJ/bHaR cxeMa 3KcnepUMeHmaJlbHOU
ycmaH08KU:

I - KQMepa 8CKunaHUR; 2 - Ha2pe8ameJlb;
J - KOHoeHcamop; 4 - 6aK; 5 - menJl006MeHHuK; 6 - Hacoc;

7 - 8aKyyM-Hacoc; 8 - MepHble COCYObl; 9 - om6opHuKU
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PUC. 2. 3a8ucuMocmb pacxoda xOflodHOZO pacm80pa LiBr om
6p npu dfluHe HacadKu I = 1,0 MM U dUaMempe confla

d= 1,5; 2; 2,4MM

TanbHbIX Y1.JaCTKOBH 3aBHCHMOCTH pacxo.n;a OT .n;HaMeT-

pa, .n;JIHHbI Haca.n;KH H CBOHCTB HCTeKalOIl.(HX XOJIO.n;HbIX

)f(H.n;KOCTeH(BO.n;bIH pacTBopa npH PaJJIH1.JHbIXero KOHueH-

TpaUilllX).

Ha pHC. 2 npHBe.n;eHa 3aBHCHMOCTb pacxo.n;a XOJIo.n;Horo

pacTBopa (t = 30 ...40 DC) OT nepena.n;a .n;aBJIeHHH npH HC-

TeLJeHHH 1.Jepe3 Haca.n;KH PaJJIH1.JHbIX.n;HaMeTPOB C OCT-

pOH KpOMKOH,nOCTpoeHHajJ no ypaBHeHHlO EepHYJIJIH

v = f.!f..J [2(P, - Po)/P], (1)

r.n;e v - pacxo.n; )f(H.n;KOCTH,M3/c;
f - nJIorua.n;b CeLJeHHjJHaca.n;KH, M2;

P, HPo - .n;aBJIeHHjJHa Bblxo.n;e H3 Haca.n;KH H B KaMepe

COOTBeTCTBeHHO, Da;

P - nJIOTHOCTb HCTeKalOruero nOTOKa, Kr/M3.

Ha pHC. 2 TaK)f(e HaHeceHbI OnbITHble TOLJKH.OrKJIOHe-

HHe OT paCLJeTHOH KpHBOH COCTaBHJIOHe 60JIee 6 %.
Ha pHC. 3 npHBe.n;eHa TaKajJ )f(e 3aBHCHMOCTb .n;JIjJpa3-

JIHLJHbIX.n;JIHHHaca.n;OK (d = 1,5 MM) (onbITHbIe TOLJKH) H

KpHBajJ no ypaBHeHHlO (1). KaK BH.n;HOH3 pHC. 3, .n;mIY3KO-

ro .n;HanaJOHa H3MeHeHHjJ JIHHeHHOro paJMepa (l = 1; 3;
8 MM) BJIHlIHHe ero Ha pacxo.n;Hble xapaKTepHCTHKH xo-
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PUC. J. 3a8ucuMocmb pacxoda xOflodHOZO pacm80pa LiBr om
!::..pnpu d = 1,5MM U I = 1;J; 8MM

JIo.n;Horo paCTBopa He 06HapY)f(HBaeTCjJ.

Pe3YJIbTaThI HCCJIe.n;OBaHHjJo606Il.(anHCb 3aBHCHMOCTblO,

peKOMeH.n;OBaHHoH OracaBapoH [2]:
vivo =j(l1t, lid), (2)

r.n;e v ° - TeOpeTH1.JeCKHH pacxo.n;, no.n;C1.JHTaHHbIHno <!>op-

MyJIe (1);
I1t - paJHOCTb TeMneparyp Ha BbIxo.n;e H3 conJIa H B

KaMepe BCKHnaHHjJ, DC.
B pe3YJIbTaTe o6pa6oTKH OnbITHbIX .n;aHHblx :na 3aBH-

CHMOCTb nOJIy1.JeHa B BH.n;e

vivo = 2,62 (l1d)°,1 I1t..(J,335. (3)

K03<!>qmUHeHT MHO)f(eCTBeHHOM KOppeJIjJUHH .n;JIjJ3TOM

<!>OpMyJIbIpaBeH 0,63.
Ha pHC. 4 npHBe.n;eHbI 3aBHCHMOCTH OTHOCHTeJIbHOrO

pacxo.n;a pacTBopa 6poMHcToro JIHTHjJ OT neperpeBa,

paCC1.JHTaHHbIe no (3) .n;JIjJPaJJIH'lHbIX JIHHeHHbIX paJMe-

pOB, H HaHeceHbI OnbITHbIe TO'lKH.

3aBHcHMoCTb (3) peKOMeH.n;yeTCjJ .n;JIjJ no.n;6opa yCT-

pOHCTB HCTe1.JeHHjJcryneHeM BCKHnaHillI pereHepaTopOB

6POMHCTO-JIHTHeBbIx arperaToB.

O.n;HOHH3 ueJIeM HCCJIe.n;oBaHHM6bIJIO onpe.n;eJIeHHe KpH-

TepHanbHoM 3aBHCHMOCTH BH.n;a

Nu = a Ren pm.
06pa6oTKa OnbITHbIX .n;aHHbIX BeJIaCb C ueJIblO onpe.n;e-

JIeHHjJ K03<!><!>HUHeHTaa.
YCTaHOBJIeHHe paBHoBecHoro COCTOjJHHjJB cTpye BCKH-

nalOrueH )f(H.n;KOCTHxapaKTepH3yeTcjJ TeM, LJTOK03<!><!>H-

UHeHT .n;OJIHpaBHoBecHjJ (3 = 1.

r.n;e T"TH,Ti - TeMneparypbI )f(H.n;KOCTH COOTBeTCTBeHHO

nepe.n; BXO.n;OMB KaMepy, HaCbIIl.(eHHlI npH .n;aBJIeHHH B

KaMepe H TeKyIl.(ajJ B TOLJKe 3aMepa.

B pa60Te [3] 6bIJIa nOJIyLJeHa 3aBHCHMOCTb

(3=1-e-cr, (5)
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PUC. 4. 3aeucuMocmb omHocumeAbH020 pacxooa pacmeopa
om nepe2peea npu Pa:JAU'tHbIXlid

rue
cr = !JL,

L - AJIHHa CTpyH, M.
B TO )I(e BpeMH

cr = U S/(wJc), (7)

r.ne S- nOBepXHOCTh HcnapeHHH, M2;
We - ceKyH.nHhIH pacxo.n lfepe3 CelfeHHe HaCa)l,KH, Kr/C;

C - TenJIOeMKOCTh )I(H.nKOCTH, ):()I(/(Kr·K).

Ih ypaBHeHHH (5) onpe.neJIHJIH napaMerp HcnapeHHH cr,
no.nClfHThIBaJIH nOBepXHOCTh HepacnaBIlleHCH CrpyH H no

ypaBHeHHIO (7) onpe.neAAJIH K03<p<PHUHeHTnponOpQHOHarIh-
HOCTHU.

B pe3YJIhTaTe HCCJIe.nOBaHHH nOJIylfeHo cJIe)l,YIO~ee
ypaBHeHHe )l,JIH paClfeTa npoQecca HcnapeHHH BO.nhI H3
HepacnaBwHxcH CTpyH Bo.nHoro paCTBopa 6poMHcToro
JIHTHH:

Nu = 3,41.10-10 Re2,6 PrO,7. (8)

K03<P<PHQHeHTMHO)l(eCTBeHHOH KOppeJIHQHH- 0,85.
):(nH CJIy4aH HcnapeHHH BO)l,hI C nOBepxHocTH pacnaB-

WHXCH CrpyH rpa<pHlfeCKaH 3aBHCHMOCTh Nu = .f{Re,Pr)
npHBe.neHa Ha pHC. 5.

):(nH onpe.neJIeHHH HH)l,eKCa HcnapeHIDI nOJIylfeHa <pop-

MyJIa
n = 5,04·\0-19 Po -0,49 MO,55i;-llcfJ,36, (9)

r.ne Po - .naBJIeHHe B KaMepe BCKHnaHHH, Kr/cM2;
111 - pa3HocTh TeMneparyp Ha Bxo.ne H B KaMepe, °c;
i; - KOHQeHTpaQHH paCTBopa, %;
d - .nHaMeTp Haca.nKH, M.

K03<P<PHQHeHTMHO)l(eCTBeHHOH KOppeJIHQHH- 0,90.

Ha pHc.6 npHBe.neHa 3aBHCHMOCTh HH.neKca HcnapeHHH
n =./{po, I1t) npH L = O,lM; d= 0,0015 M Hi; = 60 %, a Ha
pHC. 7 - 3aBHCHMOCTh n = .f{M,i;) npH Tex )I(e L H d H

Po = 1 Kr/cM2 H HaHeceHbI OnbITHble TOlfKH.
BmKHoH xapaKTepHcTHKOH npoQecca HBJIHeTC5IBeJIH4H-

Ha BhmapeHHoH H3 pacTBopa BO.nhI, KOTopaH onpe)l,eJIHeT-

CHK03<P<PHQHeHTOMHcnapeHHH

Puc. 6. 3aeucuMocmb uHoeKca ucnapeHUJ/ om pa3Hocmu
meMnepamyp Ha exooe U e KaMepe



Puc. 7. Fpa¢uK 3aeUCUMocmu n =j{""-t,~) npu i)aefleHuu e
KaMepe Po = I KZ!CM2

r)l,e D - KOJlH'IeCTBOHcnapHBlllei1cR BO)l,bI B cTpye, Kr/c;
S- nOBepxHocTb HcnapeHHR CTpyH, M2.

OnbITHble )l,aHHble 6bIJlH 06paQOTaHbI B BH)l,e 3aBHCH-

MOCTH

K
H
= j{l1p,t\).

B pe3YJlbTaTe nOJly'IeHa <pOpMyJla

K
H
=I,47·106f\-3,78l1p2,5, (11)

KOTopaR nOKa3aJIa CYlJJ,eCTBeHHYIO3aBHCHMOCTbK03<pqm-

QHeHTaOTnepena)l,a )l,aBJleHHRI1p H TeMneparypbI pacTBo-

pa Ha BXO)l,eB KaMepy fl'

Ha pHC. 8 npHBe)l,eHa 3aBHCHMOCTb K03<P<PHQHeHTaHC-

napeHHR K
H

OT TeMneparypbI paCTBOpa fl'
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PUC. 8. rpa¢uK 3aeUCUMocmu K03rjx/JUu,eHma ucnapeHUf/ Ku

om meMnepamypbl pacmeopa 'I i)flf/ pa3flUlfHblX ""-p

Spacn/s"epacn
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Puc. 9. Fpa¢UK 3aeUCUMocmu omHOUleHUf/ noeepXHocmeu
ucnapeHUf/ om meMnepamypbl pacmeopa npu pa3flulfHoU

i)fluHe cmpyu i)flf/ ""-p = const

bbIJlO onpe)l,eJleHO COOTHOllleHHe nJlOlJJ,a)l,eHnOBepXHOc-

TeH HcnapeHHR pacnaBllleHcR H HepacnaBllleHcR CTPyH, He-

06XO)l,HMOe npH pac'IeTax HcnapeHHR BO)l,bIH3 neperpeTO-

ro pacTBopa 6pOMHcToro JlHTHR B BH)l,e

SpacnISHepacn= j{l1p,tl,L).
ilocJle o6pa6oTKH onbITHbIX )l,aHHbIX nOJIY'IeHa cJle)l,y-

lOlJJ,aRaHaJIHTH'IeCKaR 3aBHCHMOCTb:

Spacn/SHepacn = 9,33.10-13 t15,2 L--D,95. (12)

3Ta <p0PMYJlanpoBepeHa B )l,Hana30He I1p = 0,5 ... 2 Kr/CM2

H d= 1,5 ... 2,5 MM.

Ha pHC. 9 npHBe)l,eHbI KpHBble 3THX 3aBHCHMOCTeH H

HaHeceHbI onbITHble TO'IKH. ,lVIR <pOpMyJlbI (12) K03<p<pH-

QHeHT MHO)KeCTBeHHoHKOppeJlRQHH paBeH 0,9 .
Bce nOJlyYeHHble 3aBHCHMOCTH HMelOT BblCOKHe K03<p-

<pHQHeHTbI KOppeJlRQHH, H n03TOMY MO)KHO C'IHTaTb, 'ITO

OHH npaBHJlbHO onHCbIBalOT npOQeCCbI H n03BOJlRIOT npo-

H3BO)l,HTb paC'IeTbI annapaTOB BCKHnaHHR neperpeToro

paCTBopa B CTpy5IX.
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