
KaK H3BeCTHO[1], npH MHTeJIhHOM xpaHeHHH nJIO,nOOBO~-
Holt npO,nyKUHH O,nHOlt H3 C~eCTBeHHhIX np06JIeM 51BJU1eT-
CH OTBe,neHHe BhmeJI5IeMolt elO qni:3HOJIOmqeCKolt TenJIOThI
(Te~OThI ,nhIxaHH5I),.nJI5I qero HCnOJIh3yeTc5I 06,nyB npo,nYK-
UHH XOJIO,nHhIMB03,nYXOM.

OXJIa)l()].eHHe paCTHTeJIhHolt npo,nyKUHH H nOMep)KaHHe
HH3KHX TeMnepaTYP BHYTpH llITa6eJI51 npo,nYKTa BhI3hIBalOT
TOpMO)KeHHe npoTeKalO~HX B HeM 6HOXHMHqeCKHX npouec-
COB, CBH3aHHhIX C,nhIxaHHeM, a CJIe,nOBaTeJIhHO,06eCneqH-
BalOT JIyqIIIylO coxpaHHOCTh nHTaTeJIhHhIX Be~eCTB. HH3-
Ka51HHTeHCHBHOCTh TenJIOOTBo,na npHBo,nHT K HeKOHTpo-
JIHpyeMoMy pOCTy TeMnepaTYphI npo,nyKTa H He)KeJIaTeJIh-
HOMy yxy,nIIIeHHlO ero KaqeCTBa. KaK npaBHJIO, B KaMepax
XOJIO,nHJIhHOrOxpaHeHH5I nJIo,nOOBO~Holt npo,nYKUHH CKO-
POCTh06,nyBa HeBeJIHKa, a CJIe,nOBaTeJIhHO,H K03<pqmUHeHT
TenJIOOT,naqH OT npo,nYKTa K OKpy)KalO~eMY B03,nyxy HeBhI-
COK, B TO BpeM51KaK BhmeJIeHHa51TenJIOTa ,nhIxaHH5I qpe3BhI-
qaltHo 6hICTpO (3KcnOHeHUHaJIhHO) B03paCTaeT C pOCTOM
TeMnepaTyphI.

B HaCT05l~elt pa60Te 6y,neT paCCMOTpeHa npocTeltIIIa51
Mo,neJIhOXJIa)I()].eHH5I6eCKOHeqHolt nJIaCTHHhI C BHYTPeHHHM
TenJIOBhI,neJIeHHeM, 3KcnOHeHUHaJIhHO paCTY~HM C nOBhI-
IIIeHHeM TeMnepaTyphI. Ey,neT nOKa3aHO, qTO npH Ka)l()].OM
3HaqeHHH napaMeTpOB nJIaCTHHhI c~ecTByeT MHHHMaJIhHOe
3HaqeHHe K03<P<PHUHeHTaTenJIOOT,naqH, npH KOTOpOM e~e
B03MO)KH0 CTaUHOHapHoe TeqeHHe npouecca; npH MeHhIIIeM
K03<P<PHUHeHTeTenJIOOT,naqHMaTepHaJI nJIaCTHHhI 6y,neT Heo-
rpaHHqeHHO pa30rpeBaThC5I.

PaCCMOTpHM 6eCKOHeqHYlO nJIaCTHHy TOJI~HHolt 2R, M.
IIpoBe,neM OCh x nonepeK nJIaCTHHhI TaK, qTO Koop,nHHaTa
x = 0 OTBeqaeT ueHTpy, a x = ± R - nOBepXHOCTH nJIaCTHHhI.
IIycTh t(x), ·C - TeMnepaTYpa BHYTPH nJIaCTHHhI, He 3aBHCH-
~aH OT BpeMeHH (npouecc nOJIaraeTC5I CTaUHOHapHhIM). B
nJIaCTHHe npOHcxo,nHT BhI,neJIeHHeTenJIa q(t), ,[()K/(M3·C), 3K-
cnOHeHUHaJIhHO 3aBHC5I~ee OTTeMnepaTyphI:

q(t) = qoekl, (l)
me qo - BhmeJIeHHe TenJIa B e,nHHHue 06beMa 3a e,nHHHUy

BpeMeHH npH TeMnepaTYpe OKpy)KalO~elt cpe,nhI tXJI, ·C
(npHHHMaeTC5I tXJI = 0 .q, BT/M3;
k - TeMnepaTypHhIlt K03<P<PHUHeHT peaKUHH,
lj.c.

Ha rpaHHue nJIaCTHHhI npOHcxo,nHT ee OXJIa)l()].eHHe OKpy-
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Themathematical solution of the problem of heat removal from stacked plant
products chilled to O·Cwith air wasconsidered. Theproducts are represented
as an infinite plate, where heat liberation occurs, exponentially rising as the
temperature increases. The area of minimum values of heat transfer
coefficients from the plate to the air flow is determined, at which the heat
removal is in principle possible without unlimited growth of temperature in
the plate. An example of the calculation of the necessary consumption of the
cooling air for apples, stored in the boxes is given.

)KalO~elt cpe,nolt CTeMnepaTYPolt tXJI H K03<P<PHUHeHTOMTen-
JIOOT,naqHa, BT/(M2·K). Toma MaTeMaTHqeCKaH <pOpMyJIH-
pOBKa 3a,naqH (ypaBHeHHe TenJIOnpOBo,nHOCTH H ,nBa rpaHHq-
HhIX yCJIOBH5I)BhlrJI5l,nHT CJIe,nYlO~HM 06paJOM:

d2t
")..--2 +%ekt =0;

dx

dtl -0'
dxx=o - ,

:1 =-atL=R'
x=R

r,ne A. - K03<P<PHUHeHTTenJIOnpOBo,nHOCTH MaTepHaJIa nJIac-
THHhI, BT/(M-K).

YpaBHeHHe (2) He co,nep)KHT nepeMeHHolt x H ,nonycKaeT
nOHH)KeHHe nopMKa CTaH,napTHhIM npHeMOM [2]. B pe3yJIh-
TaTe nOJIyqHTc5I ypaBHeHHe nepBoro nopMKa

kR: =-~A[exp(kt)-exp(kt)];

A = 2%kR
2
,

A.
r,ne A - HeKoTophIlt 6e3pa3MepHhIlt KOMnJIeKC, KOTOphIlt

npe,ncTaBJI5leT c060lt OTHOIIIeHHe xapaKTepHOrO Bhme-
JI5IeMOrO TenJIa K xapaKTepHoMy TenJIy, KOTopoe MO)KeT
6hITh nepe,naHO TenJIOnpoBo,nHOCThlO;
tc - TeMnepaTypa B ueHTpe nJIaCTHHhI [yqHThIBaeM nep-
Boe rpaHHqHOe yCJIOBHe (2)].

IIo,ncTaBJI5I5I (3) BO BTopoe rpaHl1qHOe yCJIOBHe (2), nOJIy-
qHM:

~A[exp(kt)-exp(8)] = Bi8;

8=kt,;
Bi =aR/A.,

me 8 - 6e3pa3MepHaH TeMnepaTYpa nOBepxHocHI;
ts - TeMnepaTypa nOBepXHOCTH nJIaCTHHhI , ·C;
Bi - qHCJIO EHO (6e3paJMepHhIlt K03<P<PHUHeHTTenJIO-
omaqJil).

CooTHoIIIeHHeHe (3) npe,ncTaBJI5leTc060lt ypaBHeHJile Cpa3-
,neJIHlOIIIHMJilCHnepeMeHHhIMH. J1HTerpJilpyH ero, nOJIyqJilM



R
x = --.=====X

~Aexp(ktc)

~A[exp(kt) -exp(kt)] + ~Aexp(ktc)
xln7=======~--;::====.

~A[ exp(ktc) -exp(kt)] -~A exp(kt)

IloJ],cTaBJUIH B (5) x = R, nOJIytIlfM

~A[exp(ktc)-exp(kt)]+~Aexp(ktc) _

~ A [exp(ktc) - exp(kt)] - ~ A exp(ktc)

= exp{~Aexp(ktC>}.

ClfcTeMaypaBHeHliH (4) li (6) COJ],ep)/(lfT J],Be Heli3BeCTHhle

BeJIli'IliHhI: Ie li 8. IlOCKOJIhKY Hac liHTepecyeT JIlillih BTOpa51
(OHa onpeJ],eJI5leT TenJIOBOH nOTOK C nOBepXHOCTli), TO Bhlpa-
3liM te lf3 (4) li nOJ],CTaBlfM B (6). IIoJIytIliM

~Be82 + Aexp(8) +Bi8_

~Bi282 + Aexp(8) -Bi8 -

= exp{ ~Bi282 + A exp(8) }.

YpaBHeHlie (7) npeJ],CTaBJIHeT C060H TpaHcueHJ],eHTHoe
ypaBHeHlie C OJ],HOH Heli3BecTHoH BeJIWIliHOH 8, KOTopoe

JIerKO pelliaeTcH 'IliCJIeHHO.
I1TaK, aJIrOpliTM paCqeTa KOJIliqeCTBa OTBOJ],lfMoro TenJIa

CJIeJ],yIOIUHH:
~onpeJ],eJIHeM KOMnJIeKChI AliBi;
~li3 ypaBHeHliH (7) HaXOJ],liM 8;
~paCCqHThIBaeM OTBOJ],liMoe C eJ],lfHliUhI nOBepXHOCTli 3a

eJ],liHliUY BpeMeHli TenJIO Q, BT/M2:

Q= a8 = BiA8.
k kR

Pe3YJIhTaThI qlfCJIeHHhIX 3KcnepliMeHToB nOKa3hIBaIOT, qTO

ypaBHeHlie (7) He Bcema liMeeT pellIeHlfe. CyrueCTByeT 06-
JIaCTh 3HaqeHliH napaMeTpoB Bi li A (KorJ],a nepBhIH He CJIlillI-

KOM MaJI, a BTOpOH He CJIlilliKOM BeJIliK), npli KOTOphIX ypaB-
HeHlie (7) liMeeT 2 pellIeHliH, npliqeM 60JIhllIliH KopeHh He-
YCTOHqliB OTHOCliTeJIhHO MaJIhIX B03MyrueHlfH 8, a MeHhllIlfH
- YCTOHqliB. Ilplf J],OCTli)/(eHlfH TOqKOH (Bi, A) rpaHlfUhI 3TOH

06JIaCTli J],Ba KOpHH CJIliBaIOTCH B OJ],liH, a 3aTeM nponaJ],aIOT.

BHe onlicaHHOH 06JIaCTlf pellIeHlfH ypaBHeHRH (7) He cyrue-

cTByeT, 3HaqliT, li pellIeHlfH CTaUliOHapHOH 3aJ],aqlf (2) He cy-
IUecTByeT. 3T0, B CBOIO OqepeJ],h, 03HaqaeT, qTO nJIaCTlfHa

6yJ],eT HeorpaHlfqeHHO pa30rpeBaThCH, nOCKOJIhKY TenJIOOT-
J],aqH C nOBepXHOCTli HeJ],OCTaTOqHO, qT06hI OTBeCTli BhmeJI5l-

IOIUeeCH TenJIO. 3TO JII060nhITHoe 5IBJIeHlfe 6hIJIO paHee 06-
Hapy)l(eHo B 3aJ],aqe 0 HarpeBe npOBOJ],HlfKOB 3JIeKTPliqeCKliM

TOKOM. B pa60Te [4] paCCMaTpHBaJIOCh TenJIOBhIJ],eJIeHHe,
nponOpUliOHaJIhHOe KBaJ],pary TeMnepaTyphI (npli nepBOM

KpaeBoM YCJIOBlili Ha rpaHliue). II03J],Hee B pa60Te [3] 6hIJIO
nOKa3aHO, qTO 3TO HBJIeHHe 6yJ],eT liMeTh MeCTO npli JII060M

J],OCTaTOqHO 6hICTpO B03paCTaIOIUeM C pOCTOM TeMneparyphI
TenJIOBhIJ],eJIeHliH (J],ocTaTOqHO, qT06hI npOli3BOJ],Ha5I dql dl
HeOrpaHliqeHHO pOCJIa npli I ~ 00). B Ta6JIliue nplfBeJ],eHhI
npeJ],eJIhHhIe 3HaqeHliH Bi nplf pa3HhIX 3HaqeHHHXA li OTBe-

qaIOIUlie liM 3HaqeHliH Bi 8 (6e3pa3MepHoro TenJIOBOrO no-
TOKa C nOBepXHocTli).

B KaqeCTBe npHMepa paccMoTpliM xpaHeHlfe H6JIOK B HIUH-

IIpeaeJIbHble 3Hal(eHUJI Bi u

omeel(alOUJ,ue UM 3Hal(eHUR Bi 8.

npeuenbHoe OeJpaJ-

JHa'leHlfe MepHbIH

A 6eJpaJMepHoro TelVIOBOH

Ko3<j>¢lIfUHeHTa nOTOK

Tenn()(Jfua'llf Bi Bie

0.10 0.14 0.13

0.15 0.22 0.19

0.20 0.30 0.26

0.25 0.37 0.33

0.30 0,48 0.40

0.35 0.57 0.46

0.40 0.68 0.52

0,45 0.78 0.57

0.50 0.90 0.63

0,55 1.02 0.69

0.60 1.16 0.75

0.65 1.30 0.82

0.70 1.46 0.88

0.75 1.64 0.93

TIpeuenbHoe OeJpaJ-

JHa'leHlfe MepHbIH

A 6eJpaJMepHoro TelVIOBOH

Ko3<j>¢lIfUlfelITa nOTOK

TelVIOOTua'llf Bi Bie

0.80 1.83 1.00

0.85 2.04 1.06

0.90 2.27 1.11

0.95 2,53 1,18

1.00 2.83 1.24

1.10 3,55 1.36

1.20 4.52 1.47

1.30 5.92 1.57

1,40 8.08 1.68

1.50 11.9 1.74

1.60 20.7 1.84

1.70 60.2 1.93

1.76 00 2.00

Kax, OXJIa)I(J],aeMhIX B03J],yxOM C TeMrrepaTypoH 0 °C nplf TOJI-
IUlfHe IlITa6eJI51 2R = 1,2 M. TefIJIOTa J],hIxaHlf5I H6JIOK npli

o °C qo = 12,1 BT/T = 6,2 BT/M3 (fIJIOTHOCTh 5I6JIOKB 3aChIITKe
nplfHlfMaeM 510 Kr 1M3); TeMnepaTypHhIH K03q,<tmUlieHT
J],hIxaHlf5I k = 0,093 lrC (CM. [1]); K03q,q,lfUlfeHT TefIJIOnpO-
BOJ],HOCTlf5I6JIOK B 3aChIITKe f... = 0,38 BT/(M-K). OTcIOJ],a no-

JIyqaeM A = 1,1 If lf3 Ta6JIlfUhI - MlfHliMaJIhHO B03MO)I(HOe
qlfCJIO EHO Bi = 3,55, qTO OTBeqaeT MlfHliMaJIhHO B03MO)/(-
HOMY K03q,q,liUlieHryTenJIOoTJ],aqlf a = 2,25 BT/(M2-K). Co-
maCHO [1] npli BhlCOTe IlITa6eJI5I 5 M TaKOH K03q,q,lfUHeHT
TenJIOOTJ],aqlf OTBeqaeT pacxoJ],y B03J],yxa 10M3 1(T"q). CHmKe-
HHe pacxoJ],a B03J],yxa B 3TliX yCJIOBRHX rrpliBeJ],eT K HeKOHTpo-
JIlfpyeMOMY pocry TeMneparyp li B03MO)/(HOH nopqe npoJ],YK-
Ta.

IIplf 3TOM Bi 8 = 1,36, qTO OTBeqaeT TenJIOrrOToKy B
Q= 11,1 BT/M2 = 43,6 BT/T.
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