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AHarrM3 Termoo6MeHa cKpe6I(OBhIX OXJIa,IJ;MTeJIen

,IJ;JIJIIIMm;eBhIX IIpOM3BO,IJ;CTB
,a-p meXH. HaYK, npo¢. fi.A.POrOB

CaHKm-llemep6YPi!CKUU i!OcyaapcmBeHHblu yHuBepcumem HU3KOmeMnepamypHbix U nuw,eBbIX meXHOAOi!UU

Analysis of the exchangeprocess for scraped-surface coolers is described.
A methodological approach to the solution of engineering problems on the
determination of heat transfer coefficients for cooling of the fat-containing
emulsions in scraped surface coolers is given.

Bo MHorHX OTpaCJISIXnH~eBoH npOMhIllIJleHHOCTH llIH-

pOKoe pacnpocTpaHeHHe nOJIyqHJlH UHJlHHJJ:pmeCKHecKpe6-

KOBhle TenJloo6MeHHHKH HenpephIBHoro ,D.eHCTBHH.OHH

HCnOJlb3YlOTCH,D.JlHnepepa60TKH H npOH3BO,D.CTBaTaKHX

npo,D.yKTOB,KaK MaCJlO CJlHBO'-IHOeH KYJlHHapHOe, )f<l1phI

)f(HBOTHOroH paCTHTeJlhHoro npOHCXO)f(,LleHHHH HX cMecH,

KOHueHTpaThI CJlHBOK,MHCHble COKH H COYChI, CMeCH MO-

pO)f(eHOrO, MaprapHHhI H ,D.pyrHe BH,D.hInH~eBhlx npO,D.yK-

TOB. 3TH BH,D.hIo6opy,D.OBaHIDI ycnelliHo npHMeHHIOTCH B

npoQeccax repMoo6pa6oTKH npH npOH3BO,D.CTBepy6JleHOH

rOBJlJl:HHhIH CBHHHHhI, KypHHoro H nTH'-IherO MHca, a TaK-

)f(e TOMaTHOHnaCTbI, 1lI0KOJla,D.a,<papMaQeBTH'-IeCKHX Kpe-

MOB, BOCKaH np.

BapHaHTbI npHMeHeHHH Tennoo6MeHHHKOB CO'lH~aeMOH

nOBepXHOCThlO CBH3aHhI, KaK npaBHJlO, C COBMe~eHHeM

. npOQeCCOBHHTeHCHBHoro HarpeBa HJlH OXJla)f(,LleHHH(ne-

peOXJla)f(,LleHHH),nepeMelllHBaHHH, rOMoreHH3aUHH, KpHC-

TaJIJlH3aUHH nepepa6aTbiBaeMoro ChlpbH.

B nHIueBbIX TeXHOJlOrHHX HCnOJlh3yeTcH cKpe6KOBoe

o6opy,D.OBaHHeUHJlHH,D.pH'-IeCKoro,nJlaCTHH4aToro H llIHe-

KOBOroTHna. HaH60Jlee llIHpOKO npHMeHHIOTCH UHJlHH,D.pH-

'IeCKHe TenJIoo6MeHHHKH. OHH npe,D.CTaBJlHIOTC060H yCT-

pOHCTBaTHna «Tpy6a B Tpy6e» CO cKpe6KOBOH (HO)f(eBOH)

MelllaJIKOH H pa3JlH'IaIOTCH no KOHCTpyKTHBHhIM napaMeT-

paM UHJlHHJJ:POB(MHHa H ,D.HaMeTp), KOJlH'IeCTBY UHJlHH,D.-

pOB, MelllaJIOK H cKpe6KOB y MelllaJIOK.

YCTaHaBJlHBalOT TenJIoo6MeHHHKH npeHMy~ecTBeHHO

C ropH30HTaJIhHhIM pacnOJlO)f(eHHeM UIDIHH,D.pOBB ropH-

30HTaJIhHOHHJlH BepTHKaJIhHOHnJIOCKOCTHX.

B npOMhIllIJIeHHhIX THnax OTe'leCTBeHHbIX TeXHOJlOrH-

'IecKHX JlHHHH npH nepepa60TKe BhICOKO)f(HPHhIXCJlHBOKB

CJlHBO'IHOeMaCJlOHCnOJlb3YIOTCH,KaK npaBHJlO, MacJloo6-

pa30BaTeJlH UIDIHH,D.pH4ecKoro H nJlaCTHH'IaTOrO BH,D.aCO

cKpe6KOBhIMH MelllaJIKaMH. 3To UHJlHH,D.pH'IeCKHHMaCJlO-

06pa30BaTeJlb MapKH TOM Hero MO,D.H<pHKaUHH(TOM-fl,
TOM-2M, Tl-OM-2T).

Ha JlHHHHX BhITanJlHBaHHH )f(Hpa H3 MHrKoro )f(HpOBO-

ro ChlpbH ero OXJla)f(,D.aIOTB TpeXUHJlHH,D.pOBOM OXJla,D.H-

TeJle MapKH <I>O)K (<I>O)K-HeBa, .ns-<I>On). OXJla,D.H-

TeJlH )f(HBOTHhIX )f(HpOB no npHHUHny ,D.eHCTBHHnO,D.o6-

HbI QHJlHH,D.pH'IeCKHM MacJloo6pa30BaTeJlHM TOM.

COBpeMeHHhle THnhI cKpe6KoBhIX TenJloo6MeHHHKoB

HMelOT o6~ee Me)f(,D.yHapO,D.HOe0603Ha'leHHe - SSHE

(Scraped-surface heat exchanger).

Y 3apy6e)f(HbIX <pHPM nO,D.06HbIHcKpe6KoBhIH TenJloo6-

MeHHHK HOCHTnpHHHTbie <pHpMaMH Ha3BaHHH: «Votator»,

«Chemetator» (AHfJIHH), «Perfektor», «Kombinator» (rep-

MaHHH), «Rota-Pro» (CiliA), «Thermutator» (CIlIA),

«Consistator» (.D:aHHH), «Contherm» (IlIBeUHH),

«Rototherm» (I1TaJIHH) H ,D.p. npouecc TenJlOOT,D.a'lH B

3THX arperaTax npOTeKaeT B YCJlOBHHXHHTeHCHBHoro ox-

Jla)f(,LleHHH H nepeMelllHBaHHH npO,D.yKTa MelllaJIKaMH

cKpe6KoBoro THna.

npH HCCJle,D.OBaHHHnpouecca TenJloo6MeHa B cKpe6-

KOBbIX TenJloo6MeHHHKaX-OXJla,D.HTeJlHX H3Y'laJIH 3aKOHO-

MepHocTH H3MeHeHHH OCHOBHhIX napaMeTpoB H pe)f(HMOB

pa60ThI o6opy,D.OBaHHH C Y4eTOM BJlHHHHHTenJI0<pH3H4ec-

KHX CBOHCTBnepepa6aTbIBaeMOro npO,D.yKTa.

CKpe6KoBble MelllaJIKH npH nepeMelllHBaHHH )f(HPOBhIX H

)KHpCO,D.ep)Ka~HX, BbiCOKOBH3KHX)f(H,D.KOcTeH06ecne4HBa-

lOT BbICOKYIO HHTeHCHBHOCTb TenJloo6MeHa B YCJlOBHHX

4aCTH4HOH KPHCTaJIJlH3aUHH H npHJlHnaHHH, C03,D.aIOTYC-

JlOBHH ,D.JlHHHTeHCHcjmKaUHH npoueCCOB rOMoreHH3aUHH

,D.HCnepCHoH CHCTeMbl. 3TOMy cnoco6cTByeT OTCyTcTBHe

3a30pa Me)f(,D.yCTeHKOHUHJlHH,D.paH cKpe6KOM (HJlH cKpe6-

KaMH) MelllaJIKH. npH Bpa~eHHH cKpe6Ka npOHCXO,D.HT

y,D.aJIeHHeOXJla)f(,LlaeMbIX HJlH HarpeBaeMhIX CJlOeBnorpa-

HH4Horo CJlOHC nOBepXHOCTH TenJIoo6MeHa UIDIHH,D.pa(1

nocrynJleHHe HOBOH MaCCbl )f(H,D.KOCTHK CTeHKe UHJlHH,D.-

pa. TaKoH TenJlOnepeHOC onHChIBaeTCH ypaBHeHHeM

HeCTaQHOHapHOHTenJlOnpOBO,D.HOCTH[2]:

of 02f-=a-O. 8/



't - BpeMjI;

a- K03<p<puu:ueHT Te1neparyPOnpOBO.D.HOCTU.

PeweHue ypaBHeHUjI (1) C rpaHulIHbIMU YCJIOBUjiMU MO-

)l(eT 6bITb npe.D.CTaBJIeHOTaK:

a = .2- ~APC,"
..r;; '", '

me a - K03<p<puu:ueHT TenJIOOT.D.allU, BT/(M2·K);

'tcp - cpe.D.Hee BpeMjI KOHTaKTa 3JIeMeHTa npO.D.yKTa C

nOBepxHOCTblO TenJIo06MeHa, c;

A - K03<p<puu:ueHTTellJIOnpOBO.D.HOCTH,BT/(M' K);

C - Y.D.eJIbHajiTenJIOeMKOCTb, ,lVK!(Kr·K);
y"

p - llJIOTHOCTb, Kr/M3.

BeJII1:lIUHa 'tcp npe.D.CTaBJIjleT C060H npoMe)l(yToK Bpe-

MeHU Me)l(,lJ,y.D.ByMjI nOCJIe.D.0BaTeJIbHblMU npOXO)l(,lJ,eHUjI-

MU cKpe6KoB lIepe3 .D.aHHYIOTOllry nOBepXHOCTU:

't = 1/(z n),cp n
r.D.e n - lIaCTOTa BpaIl(eHHjI CKpe9KoB, c-I;

Zn - KOJIUlIeCTBO cKpe6KoB, llIT.

Tor.D.a

a= 1~pc,.Anz. (4)

TellJIOBOH nOTOK Q, nepe.D.aBaeMbIH lIepe3 cTeHKy anna-

paTa co cKpe6KoBoH MeWaJIKOH,

Q= ];~PCy.AnzF(to-tCT)' (5)

r.D.eF - nOBepxHocTb TellJIo06MeHa.

TaKHM 06pa30M, aHaJIU3 npou:ecca TenJIo06MeHa B ar-

peraTax co cKpe6KoBbIMU MelllaJIKaMU nOKa3aJI, liTO KO-

3<p<puu:ueHT TellJIOOT.D.allU 3aBUCUT OT CJIe.D.ylOIl(UX napa-

MerpOB:

a = j(A,cYJJ.,p,n,z). (6)
B pe3YJIbTaTe pellIeHUjI ypaBHeHUjI cTau:uoHapHoH Ten-

JIOnpOBO.D.HOCTU<I>ypbe .D.JIjIonUCaHUjI KOHBeKTUBHOrO ne-

peHoca TellJIa B npou:eccax HarpeBa (OXJIa)I(,lJ,eHUjI) BbICO-

KOBjl3KUX)l(U.D.KOCTeH.D.JIjIcKpe6KoBbIX TenJIo06MeHHuKoB

nonylleHbI ypaBHeHue nO.D.06ujI .D.JIjIpaclIeTa TenJIOOT.D.a-

lIH OT OlluIl(aeMOH cKpe6KaMH nOBepxHocTH:

Nu = 1,13 Re 0,5 Pr D,S (7)
H paclIeT TellJIO,OT.D.allHOT OllUIl(aeMOH cKpe6KaMH nOBep-

XHOCTUBH,lJ,a:

a = A(A,cy",p,n,z) 0,5, (8)
r.D.e Nu, Re, Pr - COOTBeTCTBeHHO KpuTepuH HycCeJIbTa,

PeHHOJIb.D.Ca,npaH.D.TJIjI;

A - K03<p<puu:ueHTnponopu:uOHaJIbHOCTH (paBeH 1,13).
PeaJIbHble 3HalleHUjI K03<p<puu:ueHTa TenJIOOT.D.atJU B

cKpe6KoBbIX arperaTax OTJIUlIalOTCjI OT TeopeTulIecKux

3HalleHHH. B Ka)l(,lJ,OM KOHKpeTHoM CJIyllae Tpe6yeTcjI

BBe.D.eHUenonpaBollHbIX K03<p<puu:ueHToB.

OCHoBHoe OTJIUlIUe KOHKpeTHoro BH,lJ,aypaBHeHujI Ten-

JI006MeHa (8) COCTOUT B lIUCJIeHHOM onpe.D.eJIeHUU no-

npaBollHoro K03<p<puu:ueHTaj no OTHOllieHUIO K K03<p<pHU:U-

eHry nponopu:uOHaJIbHOCTU A, KOTOpbIH 3aBUCUT OT yCJIO-

BUH UCnOJIh30BaHHSI U Tuna 060pY.D.OBaHUjI (MjI HarpeBa-

HU5I HJIH OXJIa)I(,lJ,eHUjI, BU.D.a TenJIo06MeHHUKa, xapaKTe-

pUCTMK CbIpMI), T.e.

a = A(A CYJJ. P n z) 0,5 j, (9)
r.D.ej- nonpaBollHbIH K03<p<puu:ueHT.

TaKuM 06pa30M, BBe.D.eHHaji nonpaBKa, KaK nOKa3bIBa-

lOT 3KcnepHMeHTaJIbHble .D.aHHble,OTp~aeT BJIHjlHUe npo-

H3BO.D.UTeJIbHOCTHarperaTa, lIaCTOTbI BpaIl(eHUjI cKpe6-

KOBOHMelllaJIKH, BSl3KOCTUpa60lleH Cpe.D.bI,lIUCJIa cKpe6-

KOB U pa3MepOB KOJIbu:eBoro KaHaJIa. 3HalleHue nonpaBOll-

Horo K03<P<PUU:HeHTaMO)l(eT 6bITb onpe.D.eJIeHO no 3Mnupu-

lIeCKOH <popMyJIe BH.D.a[3]:
j= /}.T·1O-2, (10)

r.D.e /}'T= t
H

- t
K

;

t
H

U t
K

- TeMneparypbI Hallana U OKOHlIaHUjI npou:ecca

TepMo06pa60TKH,

npH B03pacTaHHu Bjl3KOCTHbIX CBOHCTB pa601lero Be-

Il(eCTBa H YMeHbweHHU npOU3BO.D.HTeJIbHOCTUUCCJIe.D.ye-

Moro arperaTa OTMellaeTCjI TeH.D.eHU:Hj1CHH)I(eHHjI nonpa-

BOllHoro K03<P<PHU:HeHTa.

3KcnepHMeHTaJIbHOe nO.D.TBep)l(,lJ,eHUe.D.JIjIBbI60pa no-

npaBOllHoro K03cPqmU:HeHTa 6bIJIO TaK)l(e nOJIylleHo npH

nepeOXJIa)I(,lJ,eHHH 3MYJIbCUH (40 - 82 % )l(HpHOCTH) .D.JIjI

yCTaHoBHBwerocSi COCTOSlHHjI npou:ecca TenJIOOT.D.allH B

TenJIo06MeHHHKax Pa3JIHlIHOH npOu3BO.D.UTeJIbHOCTU,

AHaJIU3 npou:ecca TenJIo06MeHa B U:UJIUH.D.pUlIeCKHx

cKpe6KoBbIX TenJIoo6MeHHuKax nOKa3aJI [3], liTO .D.JIjIpac-

lJeTa K03cPcPHU:HeHTaTenJIOOT.D.allU npu OXJIa)l(,lJ,eHUHMO-

JIOllHO-)I<UPOBbIX H )l(HPOBO.D.HbIX 3MYJIbCUH (60 - 82 %
)KUpHOCTU) MO:>I(eT6blTb HCnOJIb30BaHa 3aBUCUMOCTb (npH
3HalleHHHj= 0,3) BH.D.a

a = 0,34(1. c
y
" p n Z)0,5. (11)

~JISI npOMbIWJIeHHbIX arperaToB C lIaCTOTOH BpaIl(eHUSI

cKpe6KoB 8,5 - 12 c-I 3HalleHue nonpaBollHoro K03cP<PUU:U-
eHTa MO)l(eT .D.OXO.D.HTb.D.O0,35 - 0,40.

npe.D.JIO)KeH paClIeT npou:ecca TenJIo06MeHa npu OXJIa)l(-

.D.eHHHBbICOKO)KHPHbIX CJIUBOK B nJIaCTUHlIaTOM TenJIo06-

MeHHHKe co cKpe6KaMu C YlleTOM nonpaBOllHoro K03<P<PU-

U:HeHTa[2]:

a =0,29~A.cYJJ.pnz. (12)

0606Il(eHHbIH pe3YJIbTaT 3KcnepUMeHTaJIbHbIX .D.aHHbIXno

npou:eccaM TenJIoo6MeHa o60pY.D.OBaHHjI co cKpe6KoBbIMH

MeWaJIKaMH nOKa3aJI [I],liTO npu6nH)l(eHHO K03<p<puu:ueHTbI

TenJlOOT.D.alll1MO)KHO paCClIUTaTb no ypaBHeHUIO

a = 0, 4~A.cy.pnz . ( 13)
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