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HCCJIe,IJ;OBaHMe rrpou;ecca BCKlIrraHM5I rreperpeTOM

BO,IJ;hIB TerrJIOXOJIO,IJ;MJIhHOMarperaTe
KaHa. meXH. HayK f.B. KYPHJIOB, B.B. MOCTHll,KHM, C.H. nhDKOB

BH lfJIlf'lepMem3HepeOO'lUCmKG

A new type of a heat utilizing installation - a thermo-refrigerating unit - is
considered, with the increased level of the removed heat of absorption and
condensation and further use of these heats for heating on a higher
temperature level.

.[VI~60JIee my6oKoro HCnOJIh30BaHHJIHH3KOnOTeHIlHaJIh-

HhIX BTOPHqHhIX :mepropeCypCOB (B3P) B ):(OHel.lKOM qm-

JIHaJIe BHI1nI14epMeT:meprOOqHCTKa 6hIJI pa3pa60TaH

HOBhIH THn TenJIOYTHJIH3allHOHHOH yCTaHoBKH - TenJIOXO-

JIO,lJ.HJIhHhIHarperaT (TXA), B KOTOpOM nOBhIllIeH TeMne-

parypHhIH ypoBeHh OTBO,lJ.HMOHTenJIOThI a6cop611HH H KOH-

,lJ.eHCaIlHH(6JIaro,lJ.apJl npHMeHeHHIO ,lJ.OnOJIHHTeJIhHOHCTy-

neHH a6cop6l1HH) C,lJ.aJIhHeHUIHMHCnOJIh30BaHHeM ee ,lJ.JI~

OTOnJIeHHJI Ha 60JIee BhICOKOM ypOBHe. napaJIJIeJIhHO C

npOH3BO,lJ.CTBOMXOJIO,lJ.aBhlpa6aThIBaeTCJI ,lJ.OnOJIHHTeJIh-

Hoe TenJIO Ha 6a3e TenJIa, oT6HpaeMoro OT OXJIa)l(,lJ.aeMhIX

06'heKTOB, co 3Ha'fHTeJIhHhIM COKpall..leHHeM paCXO,lJ.aOX-

JIa)l(,lJ.alOlI..leHBO,lJ.hI.

):(JIJI paC'feTa annapaTOB TXA Ha 3KcnepHMeHTaJIhHOH

yCTaHoBKe 6WJIH npOBe,lJ.eHW HCCJIe,lJ.OBaHHJInp0l.leCca

BCKHnaHH~ neperpeTOro paCTBopa 6pOMHCToro JIHTHJI B

CTPYJlX.npHHIlHnHaJIhHaJI cxeMa yCTaHoBKH npe,lJ.CTaBJIeHa

Ha pHc.l.

Puc. I. flpuH/.(unuaAbHaJi cxeMa 3KcnepUMeHmaAbHOU
ycmaHo8Ku:

1 - KaMepa 8cKUnaHUJl; 2 - Haepe8ameAb;
3 - KOHaeHcamop; 4 - 6aK; 5 - menAoo6MeHHuK; 6 - Hacoc;

7 - 8aKyyM-Hacoc; 8 - MepHble cocyab/; 9 - om6opHuKU

nepe,lJ. HCCJIe,lJ.OBaHHeMupollecca HCKHUaHH}I pacTHopa

6hIJIH npOBe,lJ.eHhIaHaJIOrH'fHhle HCCJIe,lJ.OBaH~neperpeToH

BO,lJ.hIC OTHOCHTeJIhHO HeBhlCOKHM neperpeBoM, KOTophle

H caMH no ce6e npe,lJ.CTaBJIJlIOTHHTepec H3-3a OTCYTCTBHJI

Ha,lJ.e)l(HhIX MeTO,lJ.HKpaC'feTa HcnapHTeJIeH ,lJ.JIJI,lJ.aHHhIX

pe)l(HMoB.

B 3THX HCCJIe,lJ.OBaHHJlX npe,lJ.ycMaTpHBaJICJI 3aMep

Tex napaMeTpoB (TeMnepaTyphI, ,lJ.aBJIeHHH, paCXO,lJ.OB

nOToKoB), KOTophle ,lJ.a,lJ.yTB03MO)l(HOCTh nOJIy'fHTh Be-

JIHqHHhI, BXO,lJ.JlIlIHe B 060611Ia101lIHe qlOpMyJIhI: napa-

MeTp HcnapeHHH cr; HH,lJ.eKCHcnapeHHJI n; KpHTepHH Re,

Pr, Nu.
B COOTBeTCTBHHCTeopHeH npoTeKaH~ npouecca H3 KpH-

TepHaJIhHOrO ypaBHeHH~ Nu = .f{Re,Pr) onpe,lJ.eJIJlIOTa -
K03<P<PHl.lHeHTnponopUHOHaJIhHOCTH, xapaKTepH3YlOlI..lHH

nepe,lJ.aqy TenJIa OT )l(H,lJ.KOHK napoBOH <pa3e. B ,lJ.aJIhHeH-

rneM onpe,lJ.eJIJlIOT napaMeTp HcnapeHH~ cr, HH,lJ.eKCHcna-

peHHJI n H K03<P<PHUHeHTHcnapeHHJlKw
ITepe,lJ.HCnhITaHHHMH npOBO,lJ.HJlli TapHpoBKY HaCa,lJ.OKH

onpe,lJ.eJIeHHeK03<l><pH.lJ,J1eHTapacxo,lJ.afJ Ha 3KCnepHMeHTaJIh-

HOM yqacTKe, a TaK)l(e 3aBHCHMOCTH pacxo,lJ.a V (M3/C) OT

,lJ.HaMeTpa, ,lJ.JIHHhIHaCa,lJ.KH,napaMeTpoB H CBOHCTBHCTe-

KalOlI..leH BO,lJ.hIno <popMyJIe .6epHyJIJIH

V = fJf..J2(P1 - po) /p, (1)
r,lJ.efJ - K03<p<pHUHeHT pacxo,lJ.a;

f - nJIOll..la,lJ.hCeqeHH~ HaCa,lJ.KH,M2;

PI H Po - ,lJ.aBJIeHHJIHa BhIXO,lJ.eH3 HaCa,lJ.KHH B KaMe-

pe, na;
p - nJIOTHOCTh HCTeKalOlI..lerO nOToKa, Kr/M3.

I1cCJIe,lJ.OBaHHHno HCTeqeHHIO BO,lJ.hIH3 HaCa,lJ.OKnpoBo-

,lJ.HJIHC ueJIhlO BhIJlBJIeHH~ npHMeHHMocTH H3BeCTHhlX 3a-

BHcHMocTeH ,lJ.JIJIonpe,lJ.eJIeHHJI paCXO,lJ.OB.

3KcnepHMeHTaJIhHhle ,lJ.aHHhle nOKa3hIBaIOT, qTO npH

nOBhIllIeHHH nepena,lJ.a ,lJ.aBJIeHHH!1p pacxo,lJ. neperpeTOH

BO,lJ.hICHH)I(aeTCH no cpaBHeHHIO C paCXO,lJ.OMXOJIO,lJ.HOH

BO,lJ.hI.3TO 06'h~CH~eTcJI YMeHhllIeHHeM nJIOTHOCTH no-

TOKa npH BCKHnaHHH, onpe,lJ.eJIeHHe KOTOpOH 3aTpy,lJ.HH-

TeJIhHO.
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PUC. 2. 3a6ucUMocmb pacxoaa 60abl om nepenaaa aa6AeHUJI
npu UCmel(eHuu'l(epe3 HacaaKy de = 1,5MM (lid = 2):
1- 3KcnepUMeHmGAbHaR KpU6aR aAR XOAOaHOU 60abl;

II - 3KcnepUMeHmaAbHaR KpU6aR aAR nepe2pemou 60abl;
III - paCl(emHaR KpU6aR aAR XOAOaHOU 60abl;
IV - paCl(emHaR KpU6aR aAR nepe2pemou 60abl

)J,JUIpaCqeTa paCXOJJ;OBneperpeTOH BOJJ;bInpH HCTeqe-

HHH qepe3 HacaJJ;Ky peKOMeHJJ;yeTcR <popMyJIa

Vr.8 = c·VX•8 I-lf..J2(P1 - PO) Ip, (2)

rJJ;ec - K03<P<PHQHeHTC)!(aTHR CTpyH 3a CqeT qaCTHqHOrO

BCKHnaHHR )!(HJJ;KOCTH;

V - pacxoJJ; XOJIOJJ;HOHBOJJ;bI,nOJJ;CqHTaHHbIHno (1).X.D

Ha pHC. 2 npHBeJJ;eHbI 3aBHCHMOCTH pacxoJJ;a XOJIOJJ;HOH

H neperpeToH BOJJ;WnpH HCTeqeHHH qepe3 HacaJJ;Ky C

lid = 2. OTKJIOHeHHe 3KcnepHMeHTaJIbHbIX KpHBbIX OT Te-

OpeTHqeCKHX He3HaqHTeJIbHO (JJ;O5 %).
ObIJIH npoBeJJ;eHbI HCCJIeJJ;OBaHHR no H3yqeHHlO

npoQecca BCKHnaHHR neperpeToH BOJJ;bIB CTpyRX, ero

MexaHH3Ma H 3aKoHoMepHocTeH, a TaK)!(e onpeJJ;eJIeHbI

OnTHMaJIbHWe pa3Mepw paCnWJIHTeJIeH neperpeToH

BOJJ;bI.

AHaJIHTHqeCKH onpeJJ;eJIHTb K03<p<pHQHeHTTenJIOnepeJJ;a-

qH B 3TOM cJIyqae, KaK H 06ll.(ylO nOBepxHocTb HcnapeHHR,

TpyJJ;HO.

PaBHoBecHoe COCTORHHeB cTpye BCKHnalOll.(eH )!(HJJ;KO-

CTH xapaKTepH3yeTcR K03<p<pHQHeHTOMJJ;OJIHpaBHoBecHR

~ = l.

~ = (T, - T;) I (T, - TH) , (3)

rJJ;eT" TH, Ti - TeMneparypbI )!(HJJ;KOCTHnepeJJ; BXOJJ;OMB

KaMepy, HaCbIll.(eHHR npH JJ;aBJIeHHHB KaMepe H.TeKyll.(aR B

TOqKe 3aMepa COOTBeTCTBeHHO.

OITbITHble JJ;aHHble,nOJIyqeHHbIe Ha 3KcnepHMeHTaJIbHOH

yCTaHoBKe, ITpOBepRJIH ITO 3aBHCHMOCTH, nOJIyqeHHOH B

pa60Te *:
~ = 1 -e-cr, (4)
rJJ;e

(J = n L, (5)

L - MHHa CTpyH, M.

B TO )!(e BpeMR

(J = a S/(We c) , (6)

rJJ;eS- nOBepXHOCTb HcnapeHHR, M2;

We - CeKYHJJ;HbIHpacxoJJ; qepe3 CeqeHHe HaCaJJ;KH,Kr/c;
C - TenJIOeMKOCTb )!(HJJ;KOCTH,)J,)!(/(Kr·K).

)J,JIRnOTOKa B BHJJ;eMeTaCTa6HJIbHOH CTpyH K03<p<pHQH-

eHT nponopQHOHaJIbHOCTH a JJ;JIHHepacnaBllIeHcH CTpyH

onpeJJ;eJIReTCHH3 ypaBHeHHH

Nu = 0,023 Reo,8 Pr°,4, (7)

KOTopoe 6bIJIO npOBepeHO B JJ;aHHOHpa60Te no OnbITHbIM

JJ;aHHbIM,JJ;JIRqero cpaBHHBaJIHCb a, BbIqHCJIeHHble no <pop-

MYJIaM (6) H (7). IlpH 'onpeJJ;eJIeHHHnOBepXHoCTH HcnapeHHH

JJ;JIR<pOPMYJIbI(6) npHHRJIH, '1m JJ;HaMeTpCTpyH paBeH BHyT-

peHHeMY JJ;HaMeTpyHacaJJ;KHde' KpHTepHH HycCeJIbTa, PeH-

HOJIbJJ;caH IlpaHJJ;TJIH BblqHCJIHJIH no <popMyJIaM:

Nu = ad/A; Re = ve d!v H Pr = V c pi A,
rJJ;ede - JJ;HaMeTp HacaJJ;KH, M;

A - K03<P<PHQHeHTTenJIOnpOBOJJ;HOCTH,)J,)I( I(M'C ·K);

Ve - CKOpOCTb HCTeqeHHH CTpyH, M/c;

V - KHHeMaTHqeCKaR BH3KOCTb, M2/c;
C - TenJIOeMKOCTb, )J,)I(/(Kr·K);

p - nJIOTHOCTb, Kr/M3.

Pa3JIHqHe 3HaqeHHH a, nOJIyqeHHbIX no <popMyJIaM (6) H

(7), He npeBbIllIaJIO 15 %, qTO rOBopHT 0 xopOllieM npeJJ;-

CTaBJIeHHH npoQecca HcnapeHHH HepacnaBllIeHcH CTpyH

<pOpMyJIOH(7).
I1cCJIeJJ;OBaHHH, npoBeJJ;eHHble Ha 3KcnepHMeHTaJIbHOH

yCTaHoBKe, n03BOJIHJIH nOJIyqHTb OnbITHble 3HaqeHHH ~ no

JJ;JIHHeCTpyH, BbIHBHTb 3aKOH H3MeHeHHH K03<p<pHQHeHTa

HcnapeHHH KH H HHJJ;eKca HcnapeHIDI n B 3aBHCHMOCTH OT

H3MeHeHIDI HaqaJIbHOrO neperpeBa BOJJ;bIT1 H JJ;aBJIeHHHB

KaMepe Po.
)J,JIHHcnapeHHH C nOBepxHocTH pacnaBllIeHcH cTpyH OIT-

peJJ;eJIHJIH3HaqeHHe ~ no <popMyJIe (3), 3aTeM (J H n.
I13 <pOpMyJIbI (6) nOJIyqaJIH 3HaqeHHe npOH3BeJJ;eHHHas,

H3 KOToporo HaXOJJ;HJIHnOBepxHocTb HcnapeHHH S, npHH5IB

JJ;JIHBcex onbITOB a paBHbIM ero 3HaqeHHlO npH HcnapeHHH

C nOBepxHocTH HepacnaBllIeHcH CTpyH. S - BeJIHqHHa

yCJIOBHaR, HOTaK KaK OHa B351TaH3 JJ;OCTOBepHOHBeJIHqHHbI

a S, TO MO)!(eT CJIY)!(HTb MepOH npOTeKaHH5I npoQecca.

* Porteous SA, Munca.Her RA Model for equilibration rates in flashing
Flow through open channels, nozzles and short tubes II Brit. Chelll. En8.
1971, vol. 16, Ng 1.
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Puc. 3. 3a6ucuMocmb UHaeKca ucnapeHUfi n om
meMnepamypbl nepei!pe6a npu Po = const

Puc. 4. 3a6ucuMocmb UHaeKca ucnapeHufi n om
meMnepamypbl nepei!pe6a npu L = const

l'h-I,ll;eKC I1cnapeHluI nO,ll;C'-IHThIBaJII1no <popMyne

n = ULi In[(TI - T)/(T1 - T
H

)],

Puc. 5. 3a6ucUMocmb Ko3¢(jJu/{ueHma ucnapeHUfi Ku om
meMnepamypbl nepei!pe6a npu pa3AUltHbIX aa6AeHUJIX6

KaMepe

Puc. 6. 3a6UCUMocmb omHoweHUfi n06epxHocmeu ucnapeHUfi
S IS om meMnepamypbl nepei!pe6a npu pa3AUltHbIX

p _w
aa6AeHUJIX6 KaMepe

r,ll;e L;, T; - paCCTOHHHe OT Cpe3a HaCa,ll;KI1 L\O TO'-lKI13aMe-

pa B cTpye H TeMnepaTypa B :nOH )I(e TO'-lKe.



B pe3YJIbTaTe 06pa60TKH OnbITHbIX JJ;aHHbIXJJ;JI5Inpo-

IJ,eCCaHCnapeHH5I BOJJ;bIH3 paCnaBIIIHXC5I CTpyH neperpe-

TOH BOJJ;bInOJIyqeHa epOpMyJIa JJ;JI5IonpeJJ;eJIeHH5IHHJJ;eKCa

HcnapeHlUl:

me Po - JJ;aBJIeHHeB KaMepe, Kr/CM2;

T; - TeMnepaTypa neperpeBa, dc.
K03epepHIJ,HeHTMHO)l(eCTBeHHOH KOppeJI5IIJ,HHJJ;JI5I3TOH

epOPMYJIbIpaBeH 0,987.
3HaqeHHe HHJJ;eKcaHCnapeHH5I3aBHCHTOTMHHbI CTPyHL.
Ha pHc.3 npHBeJJ;eHa 3aBHCHMOCTb HHJJ;eKcaHcnapeHH5I

n = .f(T,L) npH Po = const, a Ha pHC. 4 n = .f(T,po) npH

L = const [annpoKcHMHpylOmHe KpHBble no epopMyJIe (8) H

onbITHble TOqKH JJ;JI5ITex )l(e yCJIOBHH].

,n:JI5IK03epepHIJ,HeHTaHcnapeHH.5I K
H

nOJIyqeHa CJIeJJ;ylO-

ma5I epopMyJIa: .

K
H
= 5044 Po0,79 Ti-

2,6 (9)

CK03epepHIJ,HeHTOMMHO)l(eCTBeHHOHKoppemrn;HH 0,92.
Ha pHc.5 npHBeAeHbI KpHBble, nocTPoeHHble no epOPMY-

JIe (9), H HaHeceHbI onbITHble TOqKH.

B CB5I3HC TeM qTO npH paCqeTaX He06xoAHMO 3HaHHe

BeJIHqHHbI nOBepxHocTH HcnapeHH5I CTpyH, 6bIJIa npoBe-

AeHa o6pa60TKa onbITHbIX AaHHbIX C IJ,eJIblO nOJIyqeHH5I

3aBHCHMOCTH nOBepxHocTH HcnapeHH5I CTpyH OT TeMne-

paTypbI neperpeBa H AaBJIeHH5I B KaMepe. TIOJIyqeHa CJIe-

AYlOII..I,a5I3aBHCHMOCTb:

SJSM = 16,65·1O--{j T/,41 PO-O,64 (10)

CK03epepHI..I,HeHTOMMHO)l(eCTBeHHOH KOppeJI5IIJ,HH0,9.

3Aecb Sp - nOBepXHOCTb HcnapeHH5I pacnaBllIeHC5I CTPyH;

SM- nOBepXHoCTb HCnapeHH5IMeTaCTa6HJIbHOHCTPYH.

3Ta 3aBHCHMOCTb AeHCTBHTeJIbHa AJI5I CJIyqa5I HCTeqe-

HH5I neperpeToH BOAbI H3 HacaAOK AHaMeTpoM 1,5 MM.

B03MO)l(HOCTb npHMeHeHH5I epOPMYJIbIAJI5I66JIbllIHX JJ;Ha-

MeTPOB Tpe6yeT 3KcnepHMeHTaJIbHOH npOBepKH.

Ha pHc.6 npHBeAeHa 3aBHCHMOCTb S/SM = f (T;, Po) no

epopMyJIe (l0) C HaHeceHHbIMH OnbITHbIMH TOqKaMH.

Bce nOJIyqeHHbIe 3aBHCHMOCTH HMelOT BbICOKHe K03ep-

epHIJ,HeHTbIKOppeJI5IIJ,HH,H n03TOMY MO)l(HO CqHTaTb, qTO

Bce paCqeTbI, npOBeAeHHble C npHMeHeHHeM BbIIllenpHBe-

AeHHbIX epOPMYJI,npaBHJIbHO onHCbIBalOT npOIJ,eCCbIH no-

3BOJI5IlOT npOH3BOAHTb paCqeTbI annapaTOB BCKHnaHH5I

neperpeTOH BOJJ;bIB CTpy5IX.


