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Pedepar:

1. Inceprauifina po60Ta IPUCBIYEHA JOCiIKEHHIO 3aKOHOMIPHOCTEN IIPOLLECY KOHLEHTPYBAaHHS BOJHUX PO3YMHIB
MaJIOJIETKUX PiMH Y CTiKaIO4ii MJIiBLi BUIIAPOBYBAHHSM B [IEPEXPECHUM MOTIK HEMTPAJILHOTO ra3y i BAKOPUCTAHHIO
PEe3yJIbTaTiB IXX NOCJiIKEHb [I711 CTBOPEHHS HOBOI KOHCTPYKLii KOHLIEHTpaTopa. Takuii KOHIIEHTPaTOp 4O3BOJIIE
IIPOBOJUATH 6€3BaKyyMHE KOHLIEHTPYBaHHS PO34MHIB [IPY TEMIIEPATypi HIDKYE TEMIIEPATyPH iX KUIiHHS, 110,
3BaKalOYM Ha BMCOKi TeMIlepaTypu KUIMiHHS MOJIOJIETKUX PiiUH, Ja€ MOKJIMBICTh 3HU3UTH €HEPTOBUTPATH 1
BiZMOBUTHCS Bif IePinuTHUX BUIIB [1aIMBa, 0 BUKOPUCTOBYETHCS M1 HAarpiBaHHS PO34YMHY. Y Auceprarii
HaBeJeHi pe3yJIbTaTh MOJEJII0BaHHS TiAPOAUHAMIKU i TEIJIOMACOINIEePEHECEHHS CTiKAI0YOi IIiBKY iHAMBINYyaNIbHOI
(0OHOKOMIIOHEHTHOI) PiAMHM, IO BUIIAPOBYETHCS B IEPEXPECHUI NOTIK HEUTPAJIbHOTO a3y 3 BUKOPUCTAHHIM
po3pobiieHoi maTeMaTtndHoi Mogedi. i pe3ysibTaTul noka3anu 3aKOHOMIPHOCTI 3MiHM TOBIIVHU, IIBUAKOCTI

CTiKaHHS i TEMIIEPATYPH IJIiBKU 3 ii JOBXXUHOIO, a TAKOX TEMIIEPATypU rady Haj, IUIiBKOIO. BcTaHOBIIEHO, 1O



IHTEHCUBHICTb BUTIADOBYBAHHS PiIMHU 3 IUJIIBKU IIPY ii IEPEXPECHOMY HAIIPAMKY PYXY 11070 ra30BOr0 IIOTOKY
Oiype, HiX IpY IPSIMOTOYHOMY HAIIPSIMKY i MOXKe IIepeBUILyBaTH iHTEHCUBHICTh BUTIADOBYBaHHS IIPU
IIPOTUTOYHOMY HaIIpSIMKy. TemIiepaTtypa IJIiBKY pifjHY, 110 BUIIAPOBYETHCS B [IEPEXPECHUN NIOTIK HEUTPAIBHOTO
rasy, [Ipu BiAJajieHHi Bif ii 104aTKOBOro nepepisy Jocsrae yCTajleHOro 3Ha4eHHsl, a ITPY MO AJIbIIOMY 301/IbHIeHH]
BiZICTaHi Bifj LIbOTO Nepepisy pifuHa MOBHICTIO BUNIAPOBYETHCS. PO3P0O6JIEHO AITOPUTM PO3PaxyHKY BiflCTaHEN, Ha
SIKUX BinOyBaroThcs L sBuLA. Temnepartypa rasy Hap IJIiBKOIO 3a JOBXXUHOIO IIJIiBKY 3MiHIOETHCSI HECYTTEBO, ajie 3a
CBOIM XapaKTepOM Lisl 3MiHa BiJIIIOBiae 3MiHi TEMIIEpPATYPi IUIBKY, 1 TAKOX JOCArae yCTAJIEHOrO 3Ha4eHHs. Ha
MiJICTaBi EKCIIEPUMEHTAJIBHOTO JOCIIIIKEHHS TEIVIOMACOIIEPEHECEHHS B CTIKAIOYil IIJIiBL BOJY, 10 BUIIAPOBYETHCS
B IIepEXPECHUI MOTIK MOBITPSI, BCTAHOBJIEH] 3HaYeHHs KoedillieHTa TeTJI0BiIIadi Bi MoBepxHi 4O CTiKalo4oi 3 Hei
IJTiBKH, @ TaKOXX Koe(illieHTiB Temnso — i MacoBifaadyi Bif IJ1iBKU JI0 MOBITPSIHOTO IIOTOKY. 3aJI€>KHICTh LIUX
KoedilieHTiB BiJ MapaMeTpiB IPoLeCy TEIJIOMAaCONIepEHECEHHS II0Ka3ala HasiBHICTb NI€PEXOy Bifl JaMiHapHOTO
peXXUMy CTiKaHHS IUIiBKU 10 TypOyJIEHTHOTO ITPU 3HaueHHi uncia Re_x=500. MaremaTtnyHa 06podka
€KCIIEPMMEHTAJIbHUX JIaHUX [I03BOJIMJIA OTPUMATH €MIIipUYHi PiBHSHHS 1111 pO3paxyHKy KoeQillieHTiB Tem1o ~ i
Macosignadi. OTpMMaHi pe3ysIbTaTi MaTEMAaTUYHOTO MOJIEJIIOBAaHHSI T4 €KCIIEPUMEHTAIBHOTO AOCiIKEHHS
BUIIAPOBYBAHHS iHIIMBiyaJIbHOI PiAVHM 3i CTiKal040i ii MJIiBKK CTaIM OCHOBOIO JIJI1 PO3POOKU MaTeMaTU4HOI MOJei
i MOCIIiI>)KEeHHS MPOLIeCY KOHLIEHTPYBAHHS BOJHUX PO34YUHIB MaJIOJIETKUX PiIUH B CTiKaIOYil MJIiBLIi
BUIIAPOBYBAHHSM B [IEPEXPECHUM MOTIK HEUTPAJILHOTO ra3y. 3a JOIOMOIOI0 i€l MOMesIi BCTAaHOBJIEHO
3aKOHOMIPHOCTI 3MiHHU CKJIa[ly PO34/HY 32 JOBXMHOIO I1JIiBKM Ta iIHTEHCUBHOCTI [IPOL,€CYy KOHLIEHTPYBaHHSI.
[TokazaHo, 0 KOHLEHTPAIlisl PO3YMHY Ha TIOYATKY IIJIiBKM 3MiHIOETHCS JIiHIIHO, IOTiIM BifOyBaeTbC ii piskuit
MigfoM, O TPUBAE [0 IIOBHOI'O BUIIAPOBYBAHHS BOAU. Takuil XapakTep 3MiHM KOHLIEHTPaLlil pO34MHY 32 JOBXUHOIO
IJIiBKY I1OB'SI3aHWI 3 PO3IOAIJIOM TEMIIEPATYPH IJIiBKY. Pi3KUl MifgioM KOHLUEHTpaLil BiIIIOBiIae yCTaJleHOMY
3HAUEHHIO TemnepaTypu. [IpoBeleHO eKCIIepUMEHTAJIbHE NOCIiIPKEHHS IPOLIeCY KOHLLEHTPYBAHHS BOGHUX
PO3UNMHIB IVILIEPUHY B iX CTiKal04il MJIiBLi B yMOBax BUNIAPOBYBAHH4 B MOTIK MOBITPS, B PE€3yJIbTATi IKOTO BU3HAYEHI
KoedillieHTH Tersio - i MacoBifayi, 110 SBJISIIOTHCS TapaMeTpaMy pO3pO6IeHOI MaTeMaTUYHOI MOIEi.
BcTraHoB/IEHO, 1O B JOCIIIPKEHOMY Jialla30Hi 3MiHM [IapaMEeTPiB NPoLeCy 11 HU3bKOKOHLEHTPOBAHMX PO3YVHIB
riLepuHy, SK i 7151 BOJM, XapaKTePHUII Iepexi, Bifl JaMiHapHOTO peXXUMY CTiKaHHS IUTiBKU A0 TypOYJI€HTHOTO, 1J1s
PO34NHIB 3 MiIBUILIEHOIO KOHLEHTPAL€I0 IIIilepUHY TaKUH MEPEXin BilCyTHIN i IJIiBKA CTiKae TiIbKU B JJaMiHApHOMY
pexxumi. Y npuceprauii HaBeieHO €KCIIEPMMEHTAJIbHI JaHi PO 3MEHIIEHHS WIUPUHY PiKO] IJIiBKY, IO CTiKae 3
HarpiToi IJ1I0CKOi MOBEPXHi, [IOB'A3aHe 3 KaiJIIpHUMU edeKTaMu. [I71s1 BOAY i BOOGHUX PO34YMHIB IVIiLlEpAHY TaKa
3MiHa MUPUHU TIJTiBKU MOKe mocsratu 50-80%. BctaHOBIEeHO XxapaKTep 3MiHU MIMPUHU TJTiBKU 34 ii TOBKUHOIO i
OTpUMaHi eMIIipUYHi 3aJ1€KHOCTI JJ1s1 oro oLjiHKu. Ha OCHOBI OTpMMaHMX B JucepTaliiiHiil poboTi pe3ysbTaTam
IOCJIiIKEeHHS NIPOLeCy KOHLIEHTPYBaHHS BOAHUX PO3UMHIB MAJIOJIETKUX PiIMH, pO3p0O06JeHi HOBA KOHCTPYKLS i
METOJIMKA PO3PaxyHKY IJIIBKOBOrO KOHLIEHTPATOPa. KOHCTPYKLisl 3aCHOBaHA Ha BUKOPUCTAaHHI
IIJI0CKO-TIapaJieJIbHOI (IJIaCTUHYACTOI) HacaAKH, 1110 103BOJIsSIE 3a0€31eYnTH [IepeXPeCHY B3a€MO/Lil0 IIOTOKIB.
EneMeHTH Hacaaxu (IJIaCTMHU) MAIOTh BHYTPIIIHI IOPOXXHUHH, Jie IPOXOIUTh TEIIJIOHOCIH, 110 HarpiBae MJIiBKy
PO34MHY, sKa CTiKae 3 ii 30BHIIIHbOI MOBEPXHi. MeTOAMKa PO3paxyHKy BUIIPOOyBaHa HAa KOHKPETHUX IIapameTpax

Ipouecy KOHIEHTPYBaHHA.

2. The thesis is devoted to the study of the regularities of the process of concentration of aqueous solutions of
some low-volatile liquids in a flowing diaper by evaporation into a cross flow of neutral gas and the use of the
results to create a new kind of the concentrator. Such kind of a concentrator makes possible vacuum-free
concentration of solutions at temperatures below their boiling point, which, due to the high boiling points of
volatile liquids, helps to reduce energy consumption and to avoid the scarce types of fuel used while heating the
solution. The thesis presents the results of modeling the hydrodynamics and heat and mass transferring of a
flowing film of an individual (of one component) liquid evaporating into a cross flow of a neutral gas using the
created mathematical model. The results demonstrate the regularities of changes in the thickness, flow rate and
temperature of the film along its length, as well as the temperature of the gas above the film. It was found that the
intensity of evaporation of liquid from the film during its cross-interaction with the gas flow is higher than during
direct-flow interaction and can exceed the rate of evaporation during counter current interaction. The



temperature of a liquid film evaporating into a cross flow of a neutral gas, with distance from its initial cross
section, reaches an equilibrium value, and with a further increasing the distance from this section, the liquid
evaporates completely. There has been developed an algorithm for calculating the distances at which these
phenomena appear. The temperature of the gas above the film along the length of the film changes insignificantly,
but by its natural characteristics this change is associated with the temperature of the film and reaches an
equilibrium value, in addition. On the basis of an experimental study of heat and mass transfer in a flowing film of
water evaporating into a cross flow of air, the values of the heat transfer coefficient from the surface to the film
flowing along it, as well as the coefficients of heat and mass transfer from the film to the air flow, have been
established. The dependence of these coefficients on the parameters of the heat and mass transfer process
showed the presence of a transition from the laminar mode of film flow to the turbulent one at the value of the
number Re_>x~500. Mathematical processing of the experimental data made it possible to obtain empirical
equations for calculating the heat and mass transfer coefficients. The obtained results of mathematical modeling
and experimental study of the evaporation of an individual liquid from its flowing down film became the basis for
the development of a mathematical model and study of the process of concentration of aqueous solutions of some
low-volatile liquids in a flowing film by evaporation into a cross flow of neutral gas. Using this model, the
regularities of changes in the composition of the solution along the length of the film and the intensity of the
concentration process were established. It is shown that the concentration of the solution at the beginning of the
film changes linearly, then there is a abrupt rise, continuing until the complete evaporation of water. This kind of a
change in the concentration of the solution along the length of the film is associated with the temperature
distribution of the film. The abrupt rise of concentration corresponds to the state temperature value. An
experimental study of the process of concentration of aqueous solutions of glycerin in their flowing film in the
conditions of evaporation into an air stream was carried out, as a result of which the heat and mass transfer
coefficients were determined, which are the parameters of the developed mathematical model. It was found that,
in the investigated range of variation of the process parameters, for low-concentration solutions of glycerol, as
well as for water, it is common to observe the transition from a laminar mode of film flow to a turbulent one, for
solutions with an increased concentration of glycerol, such a transition is absent and the film flows down only in a
laminar mode. The thesis presents experimental data on a decrease in the width of a liquid film flowing down a
heated flat surface, associated with capillary effects. For water and aqueous solutions of glycerin, such a change in
the width of the film can reach 50-80%. The natural characteristic of the change in the width of the film along its
length and the obtained empirical dependences for its assessment are established. On the basis of the results
obtained in the thesis, the study of the process of concentrating aqueous solutions of some low-volatile liquids, a
new design and method for calculating a film concentrator have been developed. The design is based on the use of
a plane-parallel (lamellar) packing, which makes possible a cross-flow interaction.
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