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COBeprneHCTBOBaHlIe TerrJIOMaCCoo6MeHHhIX

rrpOueCCOB B arrrrapaTaX ,Il;JI5I CTeplIJI1I3aUlIlI

KOHCepBOB
KaHiJ. meXH. HayK E.H. BEPliOJI03

CaHKm-llemep6YPzcKUU zocyiJapcmeeHHblu yHueepcumem HU3KomeMnepamypHblx
u nu~eebIX meXHOI/OZUU

Theoretical investigation of heat exchange processes in apparatuses for
sterilization of canned foods is presented. Formulae for the calculation of a
can movement speed in upward and downward current with the optimum
operation of the sterilizer were obtained.

B nOCJIe)),Hee BpeMji Ha nHmeBbIX npOH3BO)),CTBaX nOBbI-

IlleHHoe BHHMamfe y)),eJIjieTCji tJIy60KOH nepepa60TKe nH-

meBoro CbIpbji C nOJIylleHHeM BbICOKOKalleCTBeHHbIX· npo-

)),yKTOB, B lIaCTHOCTH KOHcepBOB. K lIHCJIy Ba)l(HeHIllHX 3a-

)),all, OT peilleHIDI KOTOPbIX 3aBHCHT nOBbIIlleHHe 3<p<peKTHB-

HOCTH COOTBeTCTBYIOmero 060pY)),OBaHHji, no npaBY OTHO-

CjiT BceCTopOHHee HCCJIe)),OBaHHe BHYTPeHHero H BHeIllHe-

ro TenJIO- H Macco06MeHa.

PaCCMOTpeHHe npHHQHnOB pa60TbI COBpeMeHHbIX CTe-

pHJIH3aTOpOB KOHcepBOB nOKa3bIBaeT, liTO npoQecc Harpe-

Ba 6aHKH )),0 TeMnepaTypbI CTepHJIH3aQHH H BbI)),ep)l(Ka ee

npH 3TOH TeMnepaType ocymeCTBJIjiIOTCji 3a BpeMji nepe-

MemeHHji 6aHKH OT TOqKH ee Bxo)),a B annapaT )),0 TOqKH

BbIxo)),a H3 Hero [1, 2].
3a 3TOT nepHo)), 6aHKa )),BH)I(eTCJI nOCJIe)),OBaTeJIbHO B

HHCXO)),jimeM H BOCXOMmeM nOTOKax, a TPe6yeMoe BpeMji

npe6bIBaHIDI 6aHKH B annapaTe 't MO)l(HO onpe)),eJIHTb KaK

r)),e 't , 't - BpeMji npe6bIBaHHji 6aHKH B KaHaJIe C HHC-
11K BK

XO)),jimHM H BOCXO)),jimHM nOTOKaMH COOTBeTCTBeH-

HO;

't , 't - BpeMJI nepexo)),a 6aHKH H3 KaHarra B KaHarr;II---}B B-H1

Z - KOJIHqeCTBO nap KaHaJIOB B annapaTe.

TaK KaK 't ('t ) »'t ('t ), TO C HeKOTopbIM )),ony-Ilk BK H----tB B---}H

meHHeM MO)l(HO npHHjiTb

OqeBH)),HO, qTO 3TO BpeMji 6y)),eT onpe)),eJIJlTbCJI CKO-

POCTbIO )),BH)I(eHHJI 6aHOK B Ka)l():(OM H3 KaHaJIOB H

):(JIHHOH KaHaJIOB, KOTOpaJI H3 qHCTO KOHCTPYKTHBHbIX CO-

06pa)l(eHHH npHHHMaeTCJI O)),HHaKOBOH, T.e.

H Hr = ('t + r )z = -.!.!!... +~
11K BK U U'

611 6B

r):(e HHK' H
BK

- ):(JlHHa KaHana C HHCXOMIQHM H BOCXOM-

IQHM nOTOKaMH;

U6H H U6B - CKOpOCTh ):(BH)I(eHHJI 6aHOK B HHCXOMIQeM

H BOCXOMIQeM nOTOKax.

OrclO)),a CTaHOBHTCJI OqeBH):(HbIM, qTO ):(JlJl onpe):(eJIe-

HHJI BpeMeHH npe6hIBaHHJI 6aHKH B annapaTe He06xo):(HMO

3HaTb CKOpOCTb )),BH)I(eHHJI 6aHKH B Ka)I():(OM HX KaHanOB

U6H H U68

.D:pyrnM BIDKHhIM MOMeHTOM, onpe):(eJIJlIOIQHM 3<p<peK-

THBHOCTh npoQecca TeTIJIOnepe):(aqH, JlBJIJleTCJI lIaCTOTa

nepeBopOTOB 6aHKH C ):(OHbIUIKa Ha KpbIUIKY.

BpaIQeHHe 6aHKH npoHCXOL\HT, KaK npaBHlIO, npH nepexo-

):(e 6aHKH H3 KaHana B KaHan. HaH60JIee 3<p<peKTHBHOH 6y-

):(eT TaKaJI qaCTOTa, npH KOTOpoH )l(H):(KaJI <paJa BHYTPH 6aHKH

6y):(eT HaxO)),HThCJI nOCTOJIHHO B ):(BH)I(eHHH, T.e. KaK TOJIbKO

nepeTOK )l(H):(KOH <pa3bI, BbI3BaHHhIH npe):(hI):(YIQHM nepeBO-

poTOM, 3aKOH'IHJICJI, HacrynaeT oqepeL\HOH nepeBopoT.

fIpO):(OJI)I(HTeJIbHOCTb npOL(eCca nepeTOKa )l(H):(KOCTH

BHYTPH 6aHKH 'tn' B CBOIO Oqepe):(b, onpe):(eJIJleTCJI BpeMe-

HeM 't HJIH 't . ECJIH 't > 't , 3HaqHT, ):(JlHHa KaHaJIa
HK ~ n 11K

Heo60cHoBaHHo 3aHH)I(eHa, TaK KaK nepeTOK )l(H):(KOCTH eIQe

He 3aKOH'lHlICJI, a Oqepe):(HOH nepeBopOT ~e npOH30UIeJI.

fI03TOMy BpeMJI npe6bIBaHHJI 6aHKH B KaHane H BpeMJI

nepeTOKa )l(H):(KOCTH BHyrpH 6aHKH ):(OJI)I(HO 6bITb O):(HHa-

KOBbIM, T.e. yCJIOBHeM OnTHMaJIbHOH pa60TbI annapaTa

6y):(eT

't
IiK

('t
B
) = 'tn' (4)

CJIe):(oBaTeJIhHO, He06xoL\HMO onpe):(eJIHTb CKOpOCTH ):(BH-

)l(eHHJI 6aHKH B BOcxOMIQeM H HHCXOMIQeM nOTOKax, a

TaK)l(e BpeMJI nepeTOKa )I(H):(KOCTH BHyrpH 6aHKH C npo-

):(yKTOM.

fIpH ):(BH)I(eHHH 6aHoK B BOCXO)),JlIQeM BepTHKaJIbHOM

nOTOKe Ha6JIIO):(aeTCJI ):(OCTaTOllHO CJIO)l(HbIH H npaK-

THqeCKH HeH3YlleHHbIH npoQecc nepeMemeHHJI TBep):(oH



501l0HC CUll, aeucm6ylOU{UX HOeaUHUilHylO 60HKy:

o - 6 60CXOaJlU{eMnomOKe; 6 - 6 HUCXOaJlU{eMnOmOKe

OJ(I1HOqHOH qaCTI1UbI ra30)f(I1J(KOCTHbIM nOTOKOM.

Yq11TbIBa5l, qTO B J(aHHbIH MOMeHT BpeMeHH B onpeJ(e-

neHHOM CeqeHHH KaHana 6yJ(eT HaXOJ(HTbC5I JIHlllb OJ(Ha

6aHKa, nepeMell.(eHHe ee MO)f(HO npeJ(CTaBI1Tb KaK npouecc

rHJ(pOTpaHCnOpTl1pOBaHI151 eJ(HHHqHOH TBepJ(OH qaCTHUbI

ra30)f(I1J(KOCTHOH CMeCblO 11 paCCMaTpl1BaTb ero 6e3 yqe-

Ta BJII151HI151J(pyrl1x 6aHOK, HaXOJ(5lmI1XC5I B KaHaJIe.

nanaHC CHJI, J(eHcTBylOll.(I1X Ha 6aHKY H onpeJ(eJI5IlOll.(I1X

ee CKOpOCTb B BepTI1KaJIbHOM HanpaBJIeHHH, CXeMaTHqHO

I1306pa)f(eH Ha pHcyHKe.

Ha 6aHKY, HaxOJ(Hll.(ylOc5I B ra30)f(I1J(KOCTHOM nOTOKe,

J(eHcTByIOT CI1JIa T5I)f(eCTI1 F G' ApXI1MeJ(OBa CHJIa FA 11

CI1JIa COnpOTI1BJIeHI151 FR'
TorJ(a

FG- FA - FR = O.

B CBOlO OqepeJ(b,

FA = V6Pe"g,
rJ(e V6 - 06'beM 6aHKI1;

Pe" - nnOTHOCTb raJO)f(I1J(KOCTHOH CMeCH;

g - yCKopeHl1e cBo6oJ(Horo naJ(eHI151.

FG = V6P6g,
me P6- yCJIOBHa51 nJIOTHOCTb 6aHKH;

FR = CR Sl11idPc" (We" - U68)2/2,

rJ(e CR - K03epepI1UHeHT COnpOTI1BJIeHI151 6aHKI1;

WCM - npI1BeJ(eHHa51 CKOpOCTb CMeCH.

ITOJ(CTaBJIH5I 3TI1 COOTHOllleHI151 B ypaBHeHHe 6aJIaHCa,

ITOnyqI1M

V6P6g - V6PCMg - CR Smid PCM (WCM - U68)2/2 = O. (10)

rJ(e P)I( - ITJIOTHOCTb )f(11J(KOCTI1;

<Pr - J(OJl51 ra3a B CMeCI1;

Pr - nJIOTHOCTb ra3a.

ITpHHHMa51 BO BHHMaHl1e, qTO P)I(»Pr 11 (1 - <p) > <Pr'
MO)f(HO nOJIaraTb, qTO P <P == O. TorJ(a

r r

OTKYJ(a

V6 g [p6 - (1 - <pr) P)I(] =
= CRP)I((1- <p) (We" - U6Y Srrrid/2 (13)

(w -u )2= 2V6g p6-p",(I-<pJ.
eM 68 ,

SmidCR p",(l-<Pr)

2V6g P6 -P",(l-<Pr).
SmidCR P",(1- <Pr)

2V6g P6 -1
SmidCR p",(l-fPr) . '

rJ(e We" = W'" + Wr'
TaKI1M 06pa30M, CKOpOCTb J(BI1)f(eHI151 6aHKI1 B BOCXOJ(51-

ll.(eM ra30)f(HJ(KOCTHOM nOTOKe onpeJ(eJI5IlOT: reOMerpl1-

qeCKHe paJMepbI 11yCJIOBHa51 nJIOTHOCTb 6aHKH; CKOpOCTb

Hecymero nOTOKa H era ra30COJ(ep)f(aHl1e, a TaK)f(e K03ep-

epl1UHeHT conpOTHBJIeHI151 6aHKI1 CR'
B onycKHbIX KaHaJIaX 6aHKa J(BI1)f(eTC5I HHCXOJ(51mHM

np5lMOTOKOM B CB060J(HOH OT raJOBOH epaJbI )f(11J(KOCTI1.

COCTaBJI5I5I 6anaHC CHJI, J(eHcTBylOll.(I1X Ha 6aHKY npl1 ee

HHCXOJ(5lmeM J(BI1)f(eHHH (no aHaJIOrHl1 C npeJ(bIJ(ymHM cny-

qaeM), nonyqHM:

FG-FA + FR_ =0;

V6P6g - V6P",g + CR Srrrid P", (U6" - W",)2/2 = 0, (15)

oTKyJ(a ITOCJIe p5lJ(a npeo6pa30BaHHH MO)f(HO nOJIyqHTb

ypaBHeHl1e J(JI5I paCqeTa U6,,:

U =w + 2V6Q (~-lJ~ '" .
CRSmid P",

BxoJ(51mHH B npHBeJ(eHHble ypaBHeHH5I K03epepHUHeHT

COnpOTI1BJIeHH5I 6aHKI1 CR rpe6yeT JII160 TeOpeTI1qeCKO-

ro, JIH60 3KcnepHMeHTaJIbHOrO onpeJ(eJIeHI151, 11 B 06meM

CJIyqae 51BJI5IeTC5I epYHKUI1eH qHCJIa PeHHOJlbJ(ca 11 epaKTo-

pa epOPMbI.
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