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B pamxax meopuu mennomacconepenoca A.B. /Ivikosa cihopmynuposana nauanvno-kpa-
esas 3adaua 011 paciema noaeil memnepamypol U 61a20C00EPIHCAHU 8 NIIOCKOM 00pazye, HUtC-
HA5 ROGEPXHOCHIL KOMOPO20 MENJI0- U 61A20U30TUPOSAHA, A 8EPXHASL 000Y6Aemcs NOMOKOM 603-
0yxa u noogepzaemcsa 6030eicmeut0 UHPPaAKpacrnozo usiyuenus. /lannolii 6uo usiyuenus oona-
Odaem manou 2AyOuUHOl NPOHUKHOBEHUS, HOIMOMY €20 Oelicmeue Ha MAmepual yuumsleaemcs
UCMOYHUKAMU Menad, KOmopble 8600AMCA He 8 yPAGHEHUEe MENTONPOSOOHOCHU, 4 8 Kpaesoe
ycnosue menniooomena. /[na KoppeKmnozo yuema HeluHeiHo20 XapaKkmepa npoyeccos maccooo-
Mena Ha NOGePXHOCMU 00PA3 YA ZPAHUYHBLE YCTI06UA 071 HOMOKO8 6]1a2U RPUHUMAIOMCA 6 hopme
3axona ucnapenus Jlanomona. Lleavio pabomwvt Obl1 paciuem nepenaoos 61az0CO0ePHcanus
MedxHcOy Zpanuyamu o0pasya, Komopuvle Onpedesiion Ka4ecmeo CymKu u 6eiuduHy 6HympeHHUX
Mexanuueckux Hanpaxycenuii. Hccnedosanue npoeoounocs 6 nepexooHslx U 6 YCmaHo8UGUIUXCA
pescumax. Ilepexoonvie pexcumvl, KOmopvle 603HUKAIOM NPU PE3KOM UMEHEHUU MEMNEPAMYpPbl
6030yxa (cywika KoHgeKuyueil), u, COOmeencmeeHHo, NPU GKIIOUEHUU UNU BbIKIIOYEHUU UCHOY-
Huka usnyuenusn (UHPPAKpACHAA cywiKa), UCCIE006ANUCH YUCTeHHBIMU Memoodamu. [Ina ucce-
006aHUS YCHAHOGUGUIUXCA PEHCUMOE, CLEOYIOUUX 3A PEHCUMAMU HEPEXOOHBIMU U ABTAIOUWUXCA
UX ACUMRMOMUKOU 0151 DONLUIUX MOMEHMOG 8PEMEHU, UCHOTb308ANIUCH OPUZUHATIbHBLE, HOTY-
YeHHble ABMOPAMU KGA3UCMAWUOHAPHbLE PEUEHUs UCX0OHOU HAYAIbHO-KPAeeoll 3a0auu 014 no-
Jlell memnepamypul u 61az0cooepicanus. Llenmpanvhvim noHAMUEM 6 IMUX PEUIEHUAX ABTIA-
emcsa yCmaHosusmasca memMnepamypa noGePXHOCIU 00pazua, KOmopas aeasaemcsa 000ouienuem
NOHAMUA MEMREPAMYPLL MOKPO2O MEpMOMempPa Ha cayuaii cywku uznydyenuem. Hecnedosanue
ROKA3a10, Ymo npu cCyuiKe KOHGEeKUUell ONACHOCMY PA3PYUIEHU MAMEPUATIA O MEXAHUYECKUX
Odechopmayuii, 6b136aHHBIX HEPAGHOMEPHOCHBIO PACHPEOETEHUA 61A20CO0EPHCARU HO MOTUUHE
00pasua, 603HUKAEM 6 NEPEXOOHBIX PEeHCUMAX, A NPU CYUIKe UHPPAKPACHbIM u3ayueHuem ma
OnAacHOCMb 603HUKAEmM 6 pexcumax ycmanosuewiuxca. B nepeom ciyuae npuuunoii aénaemcsn
KoHOeHcauusa napa Ha NO6epXHOCHMU RIACMUHbL, 603HUKAIOWAA 3d CHUem Pe3K020 UIMEHeHUs
memnepamypul 6030yxd, a 60 6MOPOM Ciyude NOsA6AeHUE DOIbULO20 NEPENAOA 611A20CO0EPIHCAHUA
00yCN10671€H0 MeM, UM O MENI06ble UCHOYHUKU, UHOYUUDOBAHHbIE HOZTOUeHUEM UHPPAKPACHOZ0
U3yYenus, cocpeoomouensvl Ha nogepxnocmu mamepuana. llpeonoscennwiit pacuemnslii anzo-
PUmMM N0360715€M OPZAHU3Z08AMb CYULKY, NPU KOMOPOTL MeXAHUYECKUE HANPANCEHUA GHYMPU Ma-
mepuana He npesbILaAlon 0ONYCMUMBIX 3HAYEHUIL.

KiroueBble cj10Ba: cyllika KOHBEKIIMEH; CyIKa HH(PpaKpacHBIM H3JIyueHHUEM; YpaBHeHUs JIbIKOBA,
YHUCIIEHHBIE METOJIBI; IEPEXOAHBIE MTPOIIECCHI; MEXaHWYECKHUe eOpMAIIH; ONTHMHU3ALNS TEXHOIOTHIECKIX
MIPOLIECCOB
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Based on the theory of the A.V. Lykov for heat améss transfer the mathematical model
of propagation of heat and moisture in a flat sangplhich is blown by the air flow and is exposed
to infrared radiation. The model is based on thdlfaving views: the density of heat loss is deter-
mined by the heat transfer by convection and heatlgange by radiation, and the intensity of the
mass exchange surface with the environment depesi¢he difference in partial pressure of water
vapor through the thickness of the boundary layéiné boundary condition of mass transfer in the
form of Dalton); temperature field inside the maitet is determined by the heat transfer due to the
phenomenon of thermal conductivity, and the preseraf internal heat sources caused by the ab-
sorption of penetrating electromagnetic radiatiomd the processes of evaporation (condensation);
the transfer of moisture inside the material is ghrliquid and partly in vapor form, and is caused
by moisture content gradients (diffusion) and tenmpure (thermal diffusion). The results of ana-
Iytical calculation of steady-state fields of tenrpture and moisture content for cases of convective
drying and infrared drying, and the results of nunieal calculation of the same field in transient
conditions are presented. Numerical experiment alous to estimate the duration of the transition
process, as well as the behavior of the differehitieisture content between the borders of the plate
with the increase which increases the probabiliti/failure of the sample from mechanical defor-
mation. It is shown that for convective drying ofish a danger occurs in the transitional regime,
and for infrared drying — mode steady-state. To veé internal mechanical stresses when drying
by convection, avoid sudden temperature changethefair flow; the time during which there is an
increase in air temperature, should be around thmé of the transition process. When drying with
infrared rays, if the differences of moisture comtein the steady state are invalid for their redimn
can be used or drying in the oscillating radiatioar drying under the combined effect of the sample
electromagnetic waves with large and small pendtatdepth. The distinction in the nature of
transients, infrared drying and drying with hot aican be explained using the formula of Dalton,
which is part of the used mathematical model andatenining the intensity of the problem through
the boundary layer. Due to the great inertia of tineal processes, even in the case where the inten-
sity of the infrared radiation changes rapidly imbe (for example at the initial time gap of the &t
kind), the surface temperature of the material, amdth it the intensity of drying, continue to be
continuous functions; on the contrary, an abrupt elnge in air temperature in convective drier
automatically leads to a gap function of the fluxedsity of moisture on the surface.

Key words: convection drying; drying by infrared radiation;Kox's equation; numerical methods;
transients; mechanical deformation; optimizatiotechnological processes
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BBEJIEHUE

CylKy BIIaXHBIX MaTEpUAIIOB, B O0IIEM CITy-
yae ¢ MPUMEHEHHEM 3JIeKTPOMArHUTHOTO M3ITyYeHUs,
[IMPOKO TPUMEHSIOT B PAa3MUYHBIX OTPACISAX MPOU3-
BOJICTBA, B TOM YHCJIE€ U B XMMHYECKON MPOMBIILICH-
Hoct [1, 2]. TunoBas cxema CYIIKH IUIOCKOTO 00-
pasia mokaszana Ha puc. 1. B wactHoM ciyuae, Korga
U3JTy4eHHE OTCYTCTBYET, CYIIKa SBJISETCS KOHBEKTHB-
Hoii. B cBO¥O ouepes, Npy HATWMYUU U3TYYCHHS MPU-
HATO OT/ENIHHO pacCMaTpUBaTh CYIIKY WH(pakpac-
M (MK) u3nydeHuem u CymiKy 37eKTpOMarHUTHBIMU
BosiHaMu CBY nuanazona. [Tpu UK cymike n3myuenue
TIOTJIONIAETCS. TOHKUM TIOBEPXHOCTHBIM CJIOEM Marte-
puana, a mpu CBY cymike norioneHne SHePrun dIeK-
TPOMAarHUTHOW BOJIHBI TPOMCXOIUT YK€ IO BCEMY
obbemy oOpasma. Huxke Mpl OymeM paccMaTpuBaTh
TOJBKO cymky kKonBekiuen u UK cymiky.

I S

L 4

N5

Puc. 1.Cymxka miockoro obpasua: 1 —BO3IyIIHBINH TOTOK;
2 —IuIoCKas 3JIEKTPOMAarHUuTHas BOJIHA, 3 —IOTPaHUYHBIN CIIOH;
4 —mnacTUHA U3 BIOKHOTO MaTtepraia; 5 —Terio- U BIaron30Jsys
Fig. 1. Drying flat samples: 1 — air flow; 2 — apé electromag-
netic wave; 3 — boundary layer; 4 — plate of thé material;
5 — heat and moisture insulation

BaxxHpiM mapaMeTrpoM B 3aadax ONTHMH3A-
UM TIpoLiecca CYLIKH SBISETCS Meperaj BIarocoaep-
YKaHMS MEXAY TpaHuIaMu obpasua. Yem Oomnbliie 3TOT
Tepernaj], TeM HIDKE KauyecTBO CYIIKH M TeM OOJIbIIe
BEPOSATHOCTDH pa3pylIeHHs 00pa3la 0T MEXaHUIECKUX
neopManuid, BBI3BAHHBIX HEOJHOPOJHOCTBHIO TTOJIS
BJIarocojiepkanus. PacueTr mepemnagoB B ycmaHo8uUs-
wuxcs pekuMax OBUT TIPOBEIICH aBTOpaMH B paboTax
[3-7]. Takue pesKUMBI BO3HHKAIOT ACUMAMOMUYECKU
(T.e. mpu paccMOTpeHHH OOJBIIMX MOMEHTOB BpE-
MCHH), U aHAJIN3 OTHX PEKUMOB MOXKET OBITh IPOU3BE-
JIeH ananumuyeckumy Metogamu. Bmecte ¢ TeM wuc-
CJIeZIOBaHKE NIEPENa OB BIaroCoACPKaHUs B nepexoo-
HbIX PEXMMaxX, BO3MOXHOE TOJBKO C MPHUMEHEHHUEM
YHUCIIEHHBIX MPOLEAYp, IPoBeaAeHO He Obuto. FiMeHHO
3TOH mpobiieMe U MOCBSIIEeHA HACTOSIIAS CTaThs. 3a-
METHM, 4TO MEePEXOAHBIN Mpoliecc TP KOHBEKTUBHOMN
CyIIIKe WHAYIUPYETCS PE3KUM H3MEHEHHEM TeMIIepa-
TYypbI BO31lyXa, a nepexoansli nponecc npu UK cymke —
BKIIIOUEHHUEM MCTOYHUKA M3ITyUCHUSI.

96

Mamemamuueckast MoOenb CyWKY U3IyyeHuem

[Ipu aHanmse mporecca CymKd OyJeM CUu-
TaTh, YTO TOJIIKHA TUIACTHHBI d [M] sABILETCS Mamoi
10 CPAaBHEHHMIO C €€ pa3MepaMHy B HAIPaBJICHUIX, MIep-
MCHIMKYJSPHBIX OCH X [M], @ MaTepuast IIaCTHHBI SB-
TSIeTCS 00HOPOOHBIM. B 3TUX YCIOBUSIX UCKOMBIE pac-
npezeneHuss — temmeparypa Marepuana I’ [°C] u ero
Biaroconepxanue U —OynyT QyHKIHMIMH TOJIBKO KO-
OpAMHATHI X U BpeMEHH T [¢]:

T=T(x1); U=U(X1).

Ipu caenaHHBIX MPEATONIOKEHHUSIX HAYATbHO-
KpaeBas 3amada s pacdera ¢yakmui 7' u U Oyner
HMETD clreayromuii uz [8, 9]:

or _ 0T A - 1
CPOE_/‘WHWO; 1)
A _ U T : 2
ﬁ_amax2+am5ﬁ (2)
Q)+rla-Y) () =22 (0.)+ AS: (3)
J(r)= ampo[% (07)+ 5% (o, r)} ; 4)
Q(r)=a,[T(07)-T]+ O':&[(T (0r)+T) -(T, +T1)4]; (5)
I(r)=a,[PTO.1)-¢P(T,)];
_ L 173(T - )
P(T) = 60300 @Xpﬁ
e Y _, |V _ Br&"?
k, = 254010 W; (7)
al =0, a—u = 1 8
i (d,7)=0; ™ (d,7)=0 (8)
T(x,0) =Tw; U(x,0) =Uo (9)

3mech A, C, Po, 8m, O, Y — XapaKTEPUCTUKH Ma-
Teprana (kodddurment rermtonposoanocta [Br/(MOAC)],
ynensHast temioeMkocts [/Ik/(krPC)], mnoTHOCTH B
cyxoM coctosuun [kr/m®], koappuument auddysun
Bitaru [M%/C)], OTHOCUTENBHBIN KOY(PPHUIUEHT TEPMO-
mub¢ysun Bmaru [1/°C], kpurepumii ucmapeHust);
I —yaenbHas TEIIOTa Mapoodpa3oBanust BOAbI [ JIK/KT];
A — xosbdumment mnormomenus WK w3mydeHus,
S — unTeHcHBHOCTH M3ydenus [Br/m?]. CooTHomre-
s (1) u (2) npencraBnsror coOON ypaBHEHHUS pac-
NpOCTpaHEHHs TeIIa u Biar, a (3) u (4) ecth KpacBble
YCIIOBHSI TEIUIO- U MaccooOMeHa Ha rpanuie X = 0.
@opmynsr (5) u (6) ompemensOT HWHTEHCHMBHOCTH
Terno- u Maccooomena Q [Br/m? u J [kr/(m2(d)] mo-
BepxHOCTH X = O ¢ BO3YIIHOW CPEOi; YUUTHIBACTCS
TEITI000MEH KOHBEKIINEH U TETUIOOOMEH U3ITydeHUEM,
a UHTCHCUBHOCTh MacCOOOMEHa MPHUHUMAETCS B BUIC
3akoHa ncnapenus JlanproHa. 3akoH ucmapenus (6)
OyIeT CIIpaBeUIMBBIM, €CITH BOISHOM Tap BOJIH3H I10-
BEPXHOCTH SIBIISICTCS] HACHIUEHHbIM; B CBOIO OYEpEIlb,
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JUTS1 9TOTO BJIAroCOICPKAHUE Ha TTOBEPXHOCTH JIOJKHO
OBITh BBIIIIE HEKOTOPOI'O XapaKTEPHOTO ISl JaHHOTO
Marepuaia Kpumuuecko2o e1acocooepaicanus Uy, Ko-
s duirenTs! B ypaBHeHusix (5) u (6) umeror cnenyto-
mwii cMbIc: 6 — nocTtosiHHas Credana-boibMana
[B1/(M%°CH]; A — k03 pHIHEHT TEIIOBOro M3Tyde-
Hust; T, 1 ¢ — Temmeparypa u BIQXHOCTh BO3IyXa 3a
npezenamu norpannanoro ciost; P(T) — pyHKus, Mo-
JEUPYIOIas 3aBUCUMOCTh OTHOCHTENLHOTO MapIlu-
ANBHOTO JABJICHHUS HACBHIIICHHOTO BOASHOTO Tapa OT
ero temmepatypsl T; 71 = 273 € u 7> = 238 € —no-
crostHHbIE; Oy [BT/(M2OC)] 1 oim [kr/(M2(d)] — k03D Pu-
[IUECHTHI TETUIO- K MacCOOOMEHA MMOBEPXHOCTH 00pasia
C BO3IYIIHON Cpeioi, KOTOPhIC PAaCCUMTHIBAIOTCS TI0
tdopmyam (7), monydeHHBIM aBTOpaMu B padore [10].
B stux popmynax V [M/c] ecTh CKOPOCTH BO3IyXa BHE
MOTpaHUYHOTO ciost, a L [M]— mnawHa mmactuHbl B
HaIlpaBIIEHNH IBIKEHIS BO3AYIIHOTO MOTOKA (puc. 1).
CootHorireHust (8) IBIAIOTCS KpaeBLIMHU YCIOBUSIMH Ha
HIDKHEH TpaHuIe TacTuHbl X = d U BBIpaXKaroT (hakT
ee Temio- ¥ Brarom3onsnuu, a (9) ecTh HavanbHBIC
ycioBHs, B KoTopbix Ug — HadabHOE BJIarocoaepixa-
HHe Marepuana, a Ty, — TemMrepaTypa MOKpOro TepMo-
Metpa. Takyro TemIiepaTypy UMeeT MOBEPXHOCTh Ma-
tepuaia X = O mepej HAYaaIoOM CyIIKH, T.€. Tepel TeM,
KaK HAUYMHAIOT 00/1yBaTh INIACTHHY FOPSIIUM BO3ITYXOM
wiu BKitovyaroT uctounuk UK msnmyuenus. [1pu Beimon-
HCHUM PACYETOB MbI OY/IEM CUHMTAThH, YTO HAYaAbHAS
TeMIlepaTypa MarepHaia MpH JI000M X COBIAIaeT ¢
HavyaJIbHOM TeMIepaTypoi ero nmoBepxHoctu 1. Meron
pacuera BemuHHbI Ty OyIeT yKa3aH HIKe.

B neiicTBUTENBHOCTH, B KQUECTBE HAYAJIBHBIX
pacnpenenenuii 7 u U cieqosano Obl B3SITh paccMaT-
pHBaeMble B CICIYIOIIEM NYHKTE napaboiudeckue
pacnpenenenust. OHAKO TPHU CYIIKE KOHBEKIIUCH 3Ty
HaYaJbHYI0 HEOJHOPOIHOCTH TOJICH MOXKHO MPHU pac-
yerax He yunuTeiBaTh [10].

Yemanosuswuiics pescum cywku

3neck MBI OyleM ONMUpaThCs Ha Pe3yJIbTaThl
pabort aBTopoB [3, 11]. Uepes kakoe-To Bpemst HOCIE
Havana cymkd (popManbHO — MPU T—00) BOZHUKAET
YCTAHOBHUBIIIANCS PEXUM, IJI1 KOTOPOTO XapaKTepHO
clieyroniee:

1. Temnepatypa noBepxuoctr X = Onepecraer
U3MEHSTHCS BO BpEMEHH; 0003HAYUB 3Ty TEMITEPATypy
KaK T, OyZeM UMETh TS €€ HaXOXKICHHS CICIYIOIIee
TPAHCIICHICHTHOE YpaBHEHHE!

a, (T, -T,)+ AT, +T)' - (T, + )|+
+ra,[P(T,) -4 IP(T,)] = SA

Ecmu S= 0 (koHBEeKTHBHAs CYIITKa), TO TEMIIe-
parypa T COBHAaAaET C TEMIIEPATYPOl MOKPOTO Tep-
mMomeTpa Ty, BXozsIei B HadanbHble yerosus (9).

(10)

2. VInTeHcHBHOCTH Cymiku (0003Ha4YMM ce B
9TOH CUTyaluH KakK Jw) TAKKE MEPEeCTaeT U3MEHITHCS
BO BPEMEHU U BBIYUCISACTCS 10 PopMyIie

Joo = am[P(Tx) - ¢-P(Tg)]. (11)

3. TemniepaTypHOE I0JIe OKa3bIBACTCS CIMAYU-
OHAPHBIM, PACTIPENICIICHHBIM T10 napadonuiecKomy 3a-
KOHY ¥ HIMEIOIIIUM IIepenal 10 TOJIIIHHE IIaCTUHBI

AT =T(d) —T(0) = rdJ./(2)). (12)

4. Tlone BIAarocojiepKaHus OKa3bIBACTCS KGd-
sucmayuonapuvim (nponsoanas 0U/Ot He 3aBHCHT HU
OT KOOPJAWHATHI, HA OT BPEMEHH), PACTIPEICICHHBIM B
KaKIbIH (DUKCHPOBAHHBIM MOMEHT BPEMEHU T10 napa-
bonuueckomy 3aKOHY W HMEIOIIAM HEH3MECHHBIA BO
BPEMCHH TEpernaj] MeX 1y TPAaHUIIAMH TUTACTHHBI

AU :U(d,r)—U(O,T):%Jw(T )

x=y+A(@.0) (13)

[Tpu BBITOTHEHNN YUCIEHHOTO SKCIICPUMEHTA
nporiece JIODKEH <«BBIXOJWTH» Ha YKa3aHHbBIE 371eCh
napametpsl. [Ipu S = 0 Bce GopmyIsl galoT XapakTe-
PHUCTHKH KOHBEKTUBHOM CYIIKH.

Ilepexoonvle npoyeccvl npu KOHEEKMUBHOU
cyuike

B kayectBe mMaTepuana OyaeM HCIOJIB30BaTh
anuny. Ee xapaxtepuctuku [8]: A = 0,93 Br/(m- C);
¢ =1,9-10 JIx/(xr-C); po= 1,510 kr/v3, am = 2,6- 16°
m?c; & = 1,5-16° 1/C; y = 0,10;% = 7,13;Uo = 0,4;
Ue =0,1;A=0,75.

Hpyrue napamerpsr: S= 0;V/IL = 5,0c™; d = 4cm;
¢=057T,=28C.

Pemas ypaBuenue (11), Hailinem TemmepaTypy
MOKpOro tepmomerpa T = Ty, a 3aTeM 1o GopmyJie
(13) paccumTaeM yCTAaHOBHBLIYIOCS WHTEHCHBHOCTH
CymK# J... B uTore OymemM nMeTh:

T, =20%T; Jo=2,87-10 xr/(m%c); 1< 0.

Bynem cumTarth, 4TO TAKMMHU STH BEIUYUHEI
ObuTH B ycTaHoBUBIIEMcs pexxume nipu T < 0. [Ipumenm,
4yTo B MOMEHT T = O Temreparypa Bo3ayxa MTHOBEHHO
Bo3pocia otT 3HaueHus T, = 28 € g0 3HaueHus 1=
=100 €. Toraa Kk HEKOTOPOMY MOMEHTY YCTaHOBJICHHUS
Tyer, KOTOPBIN OyAET HY>KHO €1Iie ONIPeeNTuTh, POLece
BBIIJIET Ha HOBBIM YCTAHOBUBLIMKCS PEXUM C Tapa-
MeTpaMu

T, =82,3€; J. = 6,68-16 xr/(mM?c); T > Tyer.
3HauCHMSI ITUX BEIUYUH MOIYYCHBI TEM IKE
crocoOoM, 4TO | BBIIIIE.

Takum 00pa3oM, 37ieCh MbI UIMEEM CHTYAITHIO,
KOT/Ia BIIYKHYIO IUIACTUHY, UMEIOLIYIO HU3KYIO TeMIIe-
parypy Te = 20 T u 00ayBaeMyo BO3AyXOM C TEMIIe-
parypoii Ty = 28 €, B momenT T = 0 HaunHaT 00Y-
BaTh ropsuuM Bo3ayxom ¢ temmeparypoit 100 €. Ha
orpeske 0 <71 < Tyer OYAYT HAOMIOATHCS TIEPEXOTHBIE

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. ZOY. 60. N 10 97



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. ZOY. 60. N 10

HPOIECChI, KOTOPhIC U SBIISIOTCS IEJIBI0 HCCIICI0BA-
HHSI B HACTOSIIIIEM ITyHKTE.

Jns moHnMaHus 0COOCHHOCTEH STHUX SBIICHUI
BBEJEM JONONHMTENbHO (ynkmmio ((t) [Br/m? —
IUIOTHOCTh TIOBEPXHOCTHBIX HCTOYHHUKOB TEILIa, 00Y-
CITOBJICHHBIX KOHJICHCAIIMCH Tapa Ha TpaHMIC IUla-
ctunbl X = 0; 3Ta BelMYMHA, COTJIACHO MCIIOIb3YeMOi
MaTeMaTHYECKOM MOJIEIH, ONIPEAEISIETCS CCYIOIIUM
oOpa3om:

q(z) = +(1 -7)-J(0).
3meck J(r) ecTh HHTEHCHBHOCTH CYIIIKH, OTIpe-
nensieMast popmyaoit (6).

AJITOPUTM YKCJIEHHOTO PElIeHHs HaYalbHO-
KpaeBoit 3amaun (1)-(9) moapoOHO M3I0KEH B CTAThe
aBTOpOB [12]. Pe3yabTaThl YHUCICHHBIX DKCIIEPUMEH-
TOB IOKa3aHbl B Ta0n. 1w Ha puc. 2.

3Hauenus GyHkimi B Ta0n. 1 npu T = +0 mo-
aygatorcst u3 popmyi (6) u (14) npu T,=100 T (rem-
meparypa ropsuero BO3Iyxa, KOTOPbIM CTald 00y-
Bath wactuny) u 7(0, 1) = T, = 20 T (remneparypa
MTOBEPXHOCTH ILIACTUHBI, KOTOpas ObLTa 10 Havasa 00-

(14)

nyBa). Kak BuHO 13 Tabiu1bl, B MOMeHT T = OHampas-
JICHUE JBW)KCHHS BIIard BOJHM3H TOBEPXHOCTH ILIa-
CTHHBI U3MEHSETCS Ha IPOTHBOIIOJIOKHOE, T.€. BMECTO
UCIIapeHHs BlIark HaunHaeTcst ee kKonaeHcauus (J < 0,
g > 0). KonzeHcarus Biard, B CBOIO 04epeib, IPUBO-
JIUT K BO3pPAcTaHMIO BIAroCOACPXKAaHUS BOJHM3H TIO-
BepxHOCTH U; IOCKOBKY KOHJICHCAIHS COMPOBOXK/IA-
eTCsl ellle U BBIJICJICHUEM TeIUIa, TO OHA BBI3BIBACT H
TIOBBIIICHHE TEMIIEPAaTypbl BOJHM3H HOBEPXHOCTH 7.
OTH ABICHMSI, IPOUCXOAsIINE BOMM3K MoMeHTa T = 0,
OTYETIMBO HAOMIONAIOTCS Ha puC. 2. /lanee, B MOMEHT
T = 1,664 dysxrms g(t) H3MEHAET 3HAK HA IPOTHBO-
NOJOXKHBIA (Tabm. 1), T.e. 3akaHYMBAETCS MPOIECC
KOHJICHCAllMM BJIard M HAYMHACTCS MPOLECC CYILIKH,
KOTOPBI NpuOIM3UTENbHO K MOMEHTY T = 4,04 BbIXO-
JMT Ha YCTaHOBUBIIHMWCS peKUM (pHcC. 2); mepernaibl
TEeMIIEpaTypsl M BIAroCOAEPKaHUS B 3TOM PEKUME,
noacyutanubie o Gopmynam (12) u (13) u onpene-
JICHHBIC 10 Pe3yJIbTaTaM YHCICHHOTO JKCIICPUMEHTA,
HaXOZATCSI B XOPOILEM COTJIACHH M COCTABIISAIOT IPU-
mepHo AT =-0,32 °CAU = 0,034.

Taonuya 1

NHTEeHCHBHOCTD CYIIKHA J ¥ mI0THOCTH MOBEPXHOCTHBIX HCTOYHHUKOB TeIia q B Pa3/INYHbIC MOMECHTBHI BpEMEHH
NpH KOHBEKTUBHOI cylke
Table 1.The intensity of the drying J [kg/(nm?-s)] and the density of the surface heat sourced\y/m?] at different
moments of time t [h] under convective drying

T,4 -0 +0 0,103 0,413 0,800 1,66 2,01 2,40 3,02>4,0
J-16, KF/(MZ'C) 2,87 —-269 -113| -52,4 -23)8 0,0 3,20 502 6/23 86,6
q, Br/m2 -58,3 5460 2294 1064 483 0,( —-65 -1p2 -126 —[L36
5 . LA -
» T=2,8 uac 0.52
65
048 |1
55
45 0.44
35 5
0.4
75 / =0 yac
(3
15 0.36
T=0uac 0 0.2 04 06 0.8 1
0 0.2 0.4 0.6 0.8 1 <d
x/d
a 0

Puc. 2. KonBekTuBHas cyuika. Pactpenenenus remneparypsl (a) u Biarocogepxanus (6) B pa3idyHble MOMCHTBI BpeMEHH T, 4. Temire-
parypa T, °C: t=0,01 (1); 0,04 (2); 0,07 (3); 0,19 (4); 0,44 (8)88 (6).Bnaroconepxanue U: 1=0,0135 (1); 0,26 (2); 1,06 (3); 2,00 (4);
4,00 (5); 8,39 (6)

Fig. 2. Convective drying. Distribution of tempenat (a) and moisture conte) (n different moments of time h. Temperature T,
°C:1=0.01 (1); 0.04 (2); 0.07 (3); 0.19 (4); 0.44 (B8 (6). The moisture content ©:0.0135 (1); 0.26 (2); 1.06 (3); 2.00 (4); 4.00
(5); 8.39 (6)
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TakuMm 00pa3oM, B IEPEXOTHOM PEKUME IT0JIC
U(X,T) umeeT xapakTep BOJHBI MOBBIIICHUS BJIArOCo-
JIepKaHUs, KOTOpasl pacipoCTPaHIETCS OT MOBEPXHO-
CTHU TUIACTUHBI K €€ LIeHTpY. MaKkcuMallbHbINA nepena
BJIArOCOJICpKaHUs HAOII0aeTCS B TEPEXOIHOM pe-
JKUME; CIIOBATEIIEHO, UMEHHO B 3TOM pekuMe OyneT
HaOIIOAThCS U MAKCHMYM MEXaHWUYEeCKHX Jiedopma-
it o6pasua [13]. 3uauunT, AT yMEHBIIEHUS qedop-
MaIuii clieAyeT u30eraTh pe3KuX N3MECHEHHUN TeMIIepa-
TYpBI BO3YIITHOTO ITOTOKA; BPEMSI, 32 KOTOPOE TMPOFIC-
XOJIUT TIOBBIIICHUE TEMIIEPATyphl BO3IyXa, MOJHKHO
OBITH TIOPS/IKA BPEMEHH MIEPEXO0THOTO MPOoIIecca.
Tlepexoonvie npoyeccwl npu uHGPaKpacHotl cyuixe
[Tpumem a5t Bcex OMBITOB HACTOAIIETO ITyHKTA
B KQ4eCTBE HEM3MCHHBIX TAKWE 3HAYCHHSI TTAPAMETPOB!

Ts =20 °C;VIL =5,0¢?; ¢ = 0,5;d = 2¢m; Ug = 0,4;
A=A=0,75.

Permmas, ¢ yaerom (7), ypaBuenue (10)mpu S= 0,
HailieM TemiepaTypy MOKporo repMmoMerpa 7w = Ty
=13,7 °C, T.c. Ha4aJbHYIO TEMIIEpaTypy MarepHaa.
[TpuHsB AJ1s1 yCTaHOBUBIIEHCSA TEMIIEPATYPhI MOBEPX-
noctu npu UK cyiike 3Hauenue 7w = 60,0°C, Haitnem
u3 (10)u (11) MHTEHCUBHOCTB U3ITy4YEHHUS U YCTAaHOBUB-
IIyrocsl MHTEHCUBHOCTL cymiku: S = 3,91-16 Br/m?
J. = 1,05- 16 kr/(m?-c).

Hccnenyem nepexoansie mpoiecchl. B kaue-
CTBE MaTepHasa BO3bMEM MINHY. Pe3ynbTaThl YrciIcH-
HBIX 3KCIEPUMEHTOB IIOKa3aHbl B Ta0j1. 2 1 Ha puc. 3.

Taonuya 2
HNnaTencuBHocTh cymkn Buaa UK kak ¢pyHknus BpemeHu
Table 2.The intensity of IR drying as a function of time
T, MUH 0 0,20 | 0,400,81|1,62|3,23|4,04|6,47|8,09|16,2]| 32,3|64,7| 129
J- 10 xr/(m?c) 0,290| 0,864 1,121,49|2,07|2,93|3,26|4,20| 4,65|6,84|9,27|10,3| 10,5
(e] D.'
70 ( L°C 0.45
=0 MWH
6
60 0.4 1
M—_;
2 035 [2
50
4 0.3
3
W) e 0.25
30 2 0.2 4
0.15
20 11
— 0.1
10 =0 MWnH 3
0.05
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
x/d x/d
a 0

Puc. 3. Cymika Buga UK. Pacnpenenenus temmeparypsi (a) u Biarocojepxanus (6) B pa3in4Hble MOMEHTBI BDEMEHH T, MUH. Temiepa-

typa T, °C: t=0,40 (1); 2,43 (2); 8,09 (3); 16,2 (4); 32,3 (BB0 (6).Bnaroconepxanue U: 7=8,09 (1); 16,2 (2); 32,3 (3); 56,6 (4); 101 (5)
Fig. 3. Drying of IR form. Distribution of temperae (a) and moisture conte (n different moments of timg min. Temperature T,
°C:1=0.40 (1); 2.43 (2); 8.09 (3); 16.2 (4); 32.3 (850 (6). The moisture content 1:8.09 (1); 16.2 (2); 32.3 (3); 56.6 (4); 101 (5)

Kak BuAHO W3 mpencTaBieHHBIX NAHHBIX, K
OIIpEJICIECHHOMY MOMEHTY BPEMEHH, KOTOPBIH MOXKHO
OLICHUTH KaK Tyer = 35 MHH, NPOLECC ICHCTBUTEIHHO
BBIXOJUT Ha KBa3UCTAIIMOHAPHBIH PEXKHUM, IPHUYEM Xa-
PaKTEepUCTUKHU 3TOTO pekuMa Tw, J», AT u AU Haxo-
ISITCA B OYEHb XOPOILEM COIJIaCHU € PacCUUTaHHBIMU
no ¢gopmynam (10)-(13) 3nauenusmu. B yactHOCTH,
nepenansl AT u AU u o pacueram, U 1o pe3ysibTaTaM
YHCJIEHHOT0 HKCIEPUMEHTa OKa3bIBAIOTCS HPUMEPHO
takumu. AT =-2,5 °C,AU = 0,26.
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Takum 00pa3oM, TOTYYCHHBIE JaHHBIC TOBO-
PAT 0 TOM, 4TO paboTa BEYUCIUTENHHOMN MTPOrpaMMBbI
MIPOUCXOAUT KOPPEKTHO.

OO0parumcs Tenepb K BEIBOIaM, KOTOPBIE MOXKHO
clenaTbh O MEPEXOAHBIX MPOLECcCax, Pa3BUBAIOLIUXCS
npu 0 <71 < Tyer. B OTIIMYME OT KOHBEKTUBHOM CYIIIKH,
nepenaj BJIarocoJCp>KaHus U CBA3aHHBIE C HUM Je-
(hopMaIuu TOCTUTAIOT CBOMX AKCTPEMAabHBIX 3HAUe-
HUH HE B MIEPEXOHOM PEXHUME, 2 B yCTAHOBHUBIIIEMCS,
T.€. IPU T > Tyer. ECTHM ycTaHOBHBIIWICS Tiepenan AU
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OKa3bIBaeTCs HENONYCTHUMO OOJBIIUM, TO JUIL €ro
YMEHBLICHUS CIIETyeT WU CHU3UTh HHTCHCUBHOCTD U3~
JIy4eHHUs1, WIN IPUMEHUTH HH(PPAKPACHYIO CYILIKY B OC-
yunnupyrowem pexxume [2]. Kak mokaszano B paboTe aB-
TOpOB [3], CHU3UTH Tepena]] BIarocoiep>kaHus B 3TOM
CUTYyaIlid MOXHO €lIe U 332 CYeT KOMOWHHPOBAaHHOTO
BO3JICUCTBUS Ha MaTepuaj 3JIEKTPOMAarHUTHBIMHU BOJI-
HaMu ¢ OOJIBIION U MO TITyOMHON NPOHUKHOBEHUSL.
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recca, a Takke MOBEJCHHE TIepernajia BIarocoaepixa-
HUS MEX Ty TPaHUTIAMU TUTACTHHEI, C YBEITMYCHUEM KO-
TOPOTO BO3pACTACT BEPOSTHOCTD pa3pylieHHs o0pasia
oT MexaHndeckux nedopmarmii. [lokazaHo, 9To ISt
KOHBEKTHUBHOM CYIIIKH TaKas OMAaCHOCTh BO3HUKAET B
MEPEXOTHOM PEXKHUME, YTO OOBSCHSCTCS SBJICHUEM
KOHJICHCAIIMHM Tlapa Ha MOBEPXHOCTH o0pasia, a s
MH(PAKPACHON CYIIKH — B YCTAHOBUBIIIEMCS PEXKUME,
KOT'/Ia UTHTEHCHUBHOCTbH CYIIIKH CTAHOBUTCS MaKCUMaJIb-
HOH, a pacrpesielieHHe BIarocoJiepxanus —napadoiu-
yeckuM. [Ipe/ioskeHbl CriocoObl OpraHU3aIK CYIIKH,
MpH KOTOPKIX Aedopmarmy oOpas3iia CHHKAITCS JI0
Heo0x0uMoro ypoBHs. [lorydeHHbIe pe3yIbTaThl MO-
I'YyT HalTH TpPUMEHEHHWE Ui ONTHMHU3AIUA PaOOTHI
Pa3IUYHBIX TEXHUYECKHX YCTPOHCTB XUMUYECKON
MPOMBINUICHHOCTH, B KOTOPBIX MMPUMEHSIOTCS KOHBEK-
THBHOE WU HH(PAKpACHOE BO3ACHUCTBHS HA BIIAXKHBIC
MaTepHabl.

Hccnedosanue 6vinonrneno npu QuHancosot
nooodepoicke PODPU u aomunucmpayuu Bonzozpao-
cKoU obracmu 8 pamkax HayuyHoz2o npoexkma 16-48-
340527 g_a».
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