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Meta — DOCHIIUTA TEIUIO-TIAPOAMHAMIYHI MPOIECH B TUTIBKAX BOJU Ta
IyKPOBUX PO3YMHIB B PEKHMI BHUIIAPOBYBAHHS 3 BUIBHOI IMOBEPXHI METOJaMU
MaTEeMaTUYHOTO Ta (DI3UYHOTO MOJICTIOBAHHS HA MOJEJIBHHUX YCTAaHOBKax 3
BIITBOPCHHSIM peajibHO IUIMHHUX TMPOLECIB TEIIO0OMiHY B TpyOax ImIpH
KOHILIEHTPYBaHH1 PO3YMHIB .

Pe3syabTatu. B [0Brux BepTUKAIBHUX KHUM'STWIBHUX TpyOax TeIio-
TAPOJMHAMIYHI MPOLECH B IUTIBKax MPOTIKAIOTh B PEXUMI  HUKIIYHOTO Tl
NepeMIllyBaHHS ~ BEJIUMKUMHM XBWISIMH, IO HE BIJIOOPAKEHO B ICHYIOUUX
MOJENIAX TEemIooOMiHy B IUTiBKax. Po3poOinena wMoxenb TemiooOMiHY B
JaMiHapHUX JOTPITUX JO0 TEMIEpaTypud HACUYEHHS IUNBKAX pIOIAHU 3
PO3BUHYTOIO XBWJIBOBOIO CTPYKTYpPOIO, SIK ILMKJIIYHOTO MpOILECy penakcauii
HECTAI[IOHAPHOT'O TEMIIEPATypHOTrO MOJI MICJ MPOXOKEHHS BEIMKUX XBHIIb.
MarematuyHa  MoOJeNb ~ ONMCYE€  TIPOLEC  PO3BUTKY  JBOBUMIPHOIO
TEMIEPATypHOTO MOJs 3aliexHO Big uuciaa llekiae Ta xapaKTepuUCTHKU
XBWJIBOBOTO PYyXy — JOBXHMHU BEJIMKUX XBWJIb. Ha OCHOBI 3amporoHOBaHO1
MOJIeJIl OTPUMaHI KOPEJslli, SIKl MPOMOHYIOThCA ISl y3arajlbHeHHS JaHUX 3
TEMJI000MIHY B JOTPITHX [0 TEMIEpaTypu KHUIIHHSA IUIIBKAX B PEXHUMI
BUITAPOBYBAHHS 3 BUIbHOI MoOBepXxHi. HajmaHo y3aranbpHIOIOYE PIBHSAHHS IS
pO3paxyHKy I1HTEHCHBHOCTI TEIUIOBIJAa4l JI0 HACHYEHUX IUIBOK I[YKPOBUX
PO3YMHIB, K€ MICTHUTh XBUJIbOBI XapaKTEPUCTUKH IUIIBKOBOI Tedli, B Alana3zoHi
3MIHM PEXUMHHUX MapamMeTpiB, XapaKTepHUX sl poOOTH BUIIAPHUX YCTAHOBOK
IYKPOBOi MTPOMUCIIOBOCTI , a came — KoHieHTparlii Big 0 1o 70 % , muibHOCTI
3pomenHs Big 0,01 103 mo 0,6 103 MZ/C, yrcen Ilexkne Bix 400 mo 25000.
MatemaTuHa MOJI€Th LUKIIYHOI penaKcarii TEMIEPaTyPHOTO TOJIS BUSBUIACK
e(peKTI/IBHO}o JUlsl y3aranbHEHHs IaHuX 3 Tennoo6M1Hy HE TUIBKH J'IaMlHapHI/IX
a 1 TypOyJeHTHHX IUIIBOK, HE3Ba)KalOUM Ha BIACYTHICTb B PIBHSHHAX
NEPEHECEHHs TapaMeTpiB TYpOyIEHTHOCTI.

BucHoBku. BcTaHOBiIEHO 3B'SI30K XBWJIBOBOI CTPYKTYpPH IUTIBKHA 3
IHTEHCUBHICTIO TEIJIOOOMIHY Ha OCHOBI MOJEJ TEIJIOOOMIHY 3 LMKJIIYHOIO
pernakcaui€l0 TeMIepaTypHOro MOJs B PE3yNbTaTi  MPOXOHKEHHS BEIUKUX
XBWJIb, HaJaHl BIJMOBIIHI PO3paxXyHKOBI cmiBBigHOImIEeHHS. Hamana mopjenn
TEII000MIHY MOKe OyTH 3aCTOCOBaHA I KOPENAIli JaHUX MO TEIIoBiaIadl
JI0 CTIKaIOUMX IUTIBOK PIUH Ta PO3YMHIB B YMOBAaxX BUIIAPOBYBAHHS 3 BLIbHOI
MOBEPXHI.
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Work objective: the heat transfer and hydrodynamic processes that take
place in down flowing film of water and sugar solutions at the regimes of
evaporation from the interface have been studied. There were developed
mathematical models, which then were compared with the result of direct
experimentation of heat transfer in tubes at the regimes of solutions
concentrations.

Results. Within long vertical boiling tubes thermohydrodynamic
processes in liquid film take place at a regime with cycling mixing of the film by
the powerful waves. The existing Heat Transfer models of such phenomena do
not take info account such processes.A mathematical model of heat transfer in
laminar, heated to the saturation temperatures liquid films with the developed
wavy structures on the free interface have been developed. The model takes into
consideration cyclic relaxation of transient temperature field which happens
right after the passage of a powerful big wave. The developed mathematical
model describes the time history of the two dimensional temperature fields as a
function of the Peclet number and the core characteristic of the wavy motion
(the length of big waves). Based upon the proposed model a set of correlations
have been obtained. These are proposed as a means for the generalization of heat
transfer experimental data, obtained within the experimental studies of liquid
films, heated to the saturation temperatures and evaporating from the interface.
A generalized equation has been derived, which can be used for the calculations
of Heat Transfer Coefficients (HTC) to the saturated sugar solutions liquid
films. This equation contains wavy characteristics of down flowing films and
valid within the range of parameters characteristic for the sugar industry
evaporators, namely: concentrations — 0...70 % dry matter; liquid mass flow rate
density—0.01x10°...0.6x10° m?/sec, the Peclet number range — 400...25000.
The mathematical model of the temperature field cyclic relaxation turned out
efficient for generalization of heat transfer experimental data not only laminar,
but turbulent liquid films either, despite of the fact that the transport equations
do not contain turbulent characteristics.

Conclusions. A correlation between the liquid film wavy structure with
the heat transfer has been established. The correlation is based upon the model
of temperature field cyclic relaxation after passage of big waves. The respective
correlations have been presented. It has been proven that the proposed model
can be successfully applied the generalization of experimental data of heat
transfer to the down flowing liquid films of water and viscose water solutions at
a regime of evaporation from the free surface.



