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FEATURES OF A MATHEMATICAL MODEL OF HEAT TRANSFER
IN A VACUUM RESISTANCE FURNACE

The paper presents a mathematical model of heat transfer developed for the
purposes of modeling the operation process in large-scale vacuum furnaces. The
object of research is the vacuum resistance carbon furnace having 14.7m’ of the
workspace. The technological process is performed inside the double walls retort.
The typical time of the furnace cycle is two days and the maximum temperature is
1800 °C. The vacuum pump allows maintaining the pressure inside the furnace at
a level of 1,0 kPa. The dominant mechanism of heat transfer in the furnace is ra-
diation. Numerical research of heat transfer is carried out for the purpose of main-
tenance of thermal regime inside the retort according the technical requirements.
The main problems associated with the numerical simulation of heat transfer in
the furnace, arise from the presence of elements with significantly differing scales
(thickness of the heated parts can be several millimeters), the complex geometry,
the duration of nonstationary process, the unconnected gas areas (with different
characteristic quantities velocity) and the conjugate heat transfer. It leads to com-
plexity of mesh generation and increased requirements for computing resources.
Gas dynamic processes have little influence on the heat transfer, but may be im-
portant for the transport of the components of the gaseous medium.

On the first stage, a complete mathematical model of gas dynamics and heat
and mass transfer has been developed and computational studies have been per-
formed. Next, basing on analysis of the calculation results, adaptation of mathe-
matical model and calculation algorithm has been carried out.
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OKCMEPUMEHTAABHOE U YUCAEHHOE WMCCAEAOBAHME
OCOBEHHOCTEM PA3AEAEHMS MHOTOKOMMOHEHTHbIX TA30BbIX
CMECEA MPW ECTECTBEHHOM TPABMTALMOHHOW KOHBEKLUU

Ananms OKCIICPUMCHTAJIbHBIX HCCHGHOB&HI/Iﬁ, TMOCBALICHHBIX H3YYCHUIO OCO-
OCHHOCTEH KOHBEKTHUBHOI'O CMCUICHUA, BbI3BIBACMOI'O HeyCTOﬁqHBOCTLIO MCXaHU-
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YECKOTO PAaBHOBECHS, CBUJICTEIILCTBYIOT O TOM, YTO PAa3BUThIC KOHBEKTHBHBIC TeUe-
HHS XapaKTepU3yIOTCsl OCOOCHHOCTSIMHU, KOTOPBIE HE HAOIIOAAIOTCS HAa TPAaHMILIE Te-
pexona OT YCTOHYMBOTO PeKUMa K HeycToiunBoMy. OIHO# U3 TAKUX OCOOCHHOCTEH
SBJISIETCS] aHOMAJIBHOE KOHIICHTPAILIMOHHOE PA3/ICNICHHE CMECH, KOTOPOE MPOSIBIISICTCS]
B TIPOLIECCE B3aUMOACHCTBHUS BOCXOISIIMX U HUCXOAIINX TTOTOKOB B BEPTHKAJIBHBIX
KaHaiax. 3a c4eT pa3iuuus B KoddduimenTax muddy3ns NpuBOAUT K Iepepacipe-
JICJICHUIO KOHIICHTPALMOHHBIX TT0JICH B MOIIEPEYHOM CedeHHH. BO3HHMKaeT cuHepre-
THYECKHH 3((eKT, MPUBOMAINIMI K YBEINYSHHIO MHTEHCHBHOCTH MAacCOIIEpEeHOCa,
KaK MPaBHJIO, CAMOTO TSDKEJIOTO T10 TNIOTHOCTH KOMITOHEHTA CMECH.

DKCHepUMEHTANIbHBIE MCCIIE0BAHUS TIPOBOIMINCH JBYXKOJIOOBBIM METOJIOM
JUTSL TPEXKOMIIOHEHTHBIX Ta30BbIX cmeceit 0,6179 H, +0,3821 N, — CHy (p =
=2,54 MlIla, T=353,0 Ku ¢t =1 gac), 0,7760 CH4 + 0,2240 R12 — 5-C4H,( (p =
=0,22 MlIla, T=298,0 K u ¢ = 1 4yac) npu (pUKCUPOBAHHBIX JABJICHHUSIX U KOH-
[EHTpalusAX KOMIIOHEHTOB HMCXOIHON cMmecu. IIpoBeneHHBIE OMBITHI MOKAa3ai,
YTO UMEET MECTO IPHOPUTETHBIH MEPEHOC CAMOT0 TSKEJIOTO IO IUIOTHOCTH KOM-
MOHEHTa cMecu. YHCIEeHHOEe PEeIIeHnEe paccMaTpUBAaEMON 3a/1au TTO3BOJIMIIO I10-
JY4uTh BBIpaKeHHE Ui Kod(duimenta paszaencHus. CpaBHEHHE SKCHEPHMEH-
TaJIBHBIX KOA((UIMEHTOB pa3/eieHNs] C BBIYMCICHHBIMH TI0Ka3alio, YTO BbIpa-
JKEHHUE JJIs1 PAaCUETHOTO KO PHUIMECHTA CIPABEINBO M ONPEACISCT MaKCHMallb-
HOE 3HAUCHHE BEIIMYMHBI PA3ZeiICHUs] KOMIOHEHTOB cMech. HacTbh pe3yibTaToB
ObuTM TOJTyueHb! 1pu GuHaHCOBOM noanepxkke rpanra Komurera nayku MOH
PK Noe 3482/T'®4 «Pa3paboTka yCTpOMCTBA [JIsi pas3jCiCHUS YIICBOAOPOIHOM
ra30BOM CMecH Ha KOMIIOHEHTHI C 3aJJaHHBIMHU CBOHCTBAMH METOJIOM KOHBEKTHUB-
Ho# uddysum» (Ne rocpernctpaunu 0115RK01033).
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EXPERIMENTAL AND NUMERICAL STUDY OF THE PECULIARITIES
OF MULTICOMPONENT GAS MIXTURES SEPARATION UNDER NATURAL
GRAVITY CONVECTION

Analysis of experimental researches covering the study of convective mixing
peculiarities caused by the instability of mechanical equilibrium indicates that the
features that are not observed at the transition boundary between the stable
regime and the unstable one characterize the developed convective flows. One of
these features is the anomalous concentration separation of a mixture, which
arises in the interaction of the ascending and descending flows in the vertical
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channels. Diffusion leads to the redistribution of concentration fields in cross
section due to differences in the interdiffusion coefficients. A synergistic effect
leading to the increase of mass transfer rate, as a rule the density heaviest
component of the mixture, appears.

Experimental studies were carried out by the two flask method for ternary
gaseous mixtures 0,6179 H, + 0,3821 N, — CHy (p = 2,54 MPa, T'=353,0 K and
t =1 hour) and 0,7760 CH4 + 0,2240 R12 — n-C4H;o (p = 0,22 MPa, T=298,0 K
and 7 =1 hour) at a fixed pressure and concentrations of components of the initial
mixture. The experiments have shown that there is a priority transfer of the
density heaviest component of the mixture. The numerical solution of the
problem allowed us to obtain an expression for the separation factor. Comparison
of the experimental separation factors with the calculated has shown that the
expression for the calculated factor is valid and determines the maximum value of
separation of the mixture components. Some of the results were obtained with the
financial support of the Science Committee of the Ministry of Education and Sci-
ence of the Republic of Kazakhstan (project no. 3482/GF 4 «Device development
for the convective diffusion separation of hydrocarbon gas mixture into
components with the desired propertiesy, state registration no. 0115RK01033).
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MCMNOAb3OBAHUE COAHEYHOM 3HEPTUM B MPOLEECCAX
TEMAOMACCONEPEHOCA MPU MOAYYEHUU MPECHOW BOABI
U3 ATMOC®EPHOIO BO3AYXA

B craree paccMoTpeHbl (pU3MUECKHE MPOLIECCHI, JIekKAIIHE B OCHOBE MEPCIeK-
THUBHOTO MeETOJa A0ObIYM BOJBI B O€3BOJHBIX 3aCYIUIMBBIX PErHOHAX 3EMIIH.
JlaHHBII METOJ OCHOBAaH Ha WCIIOJIB30BAHUH IOPHUCTOTO, MPOIMUTAHHOTO COJBIO
MaTepHaa, MO3BOJISTIOIIET0 MHTEHCHBHO TTOTJIONIATh BJIATy W3 BO3yXa C MOCIe-
JYIOIINM MCTIapeHHueM 00pa30BaBIIErocs paccoia ¢ IOMOIIBIO COTHEYHBIX JIydeH
W OCAXJICHHS Tapa Ha BHYTPEHHEW MOBEPXHOCTH MPO3PAYHOM KPBIIIKH TEIIHO-
ycTtaHOBKH. OCHOBBIBAsICh Ha 3aKOHAX MOJICKYJSIPHO-KHHETHYECKOH TEOpUH, aB-
TOPBI BBIBOJAT 00IIIee BBIpa)KEHNE TSI MHTEHCUBHOCTH yiaBiuBaHus Biarn. Oc-
HOBBIBAsICh Ha IOJYYEHHOM BBIPaKEHHH, JIENACTCs BBIBOJA O TOM, UTO JJIS yJaB-
JIMBaHMS BIIard HEOOXOJMMO MMOHU3UThH IUIOTHOCTH HACHIIIEHHOTO Iapa Haj I10-
PHUCTO MOBEPXHOCTHIO MO CPABHEHUIO C MIIOTHOCTHIO OcakaaeMoro mapa. C 3Toi
LIENIBI0 PacCcMaTpPHUBAIOTCA ABa crocola: KamwuiipHas KOHAEHCAlUs U MpHMEHe-
HHe pacTBopa coju. PaccmaTtpuBas 00a criocoba, UX 3aKOHOMEPHOCTH U JIBUKY-
IIMe MEXaHU3MbI, aBTOPBI JICJNAIOT BBIBOJ O TOM, 4To Hamboiee 3(hHexkTHBHBIM
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