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Pedepar. Ananutnueckoe H3ydeHHE MPOLECCOB TEIUIOMPOBOJHOCTH SIBISIETCS OJHHMM M3 OCHOBHBIX pa3/eliOB COBPEMEHHBIX
WHXEHEPHBIX HCCIEN0BAHMH B MAIIMHOCTPOUTENBHOM, JHEPreTUUECKOM, AaTOMHOW MPOMBIIUIEHHOCTH, B TEXHOIOTHYECKHX
MPOLECCaX XUMHUYECKOH, CTPOUTENIbHOM, TEKCTWJIBHOW, NHILEBOM, I'€0JOrMUECKOM M APYTrUX OTpacisiX MPOMBIILIEHHOCTH.
JlocTaTouHO yKa3aTb, YTO MPAKTUUECKU BCE MPOLECCH B TOM MM HHON CTENIEHH CBSI3aHBI C H3MEHEHHEM TEMIIEPATYPHOTO COCTOSHUS
U IEPEHOCOM TeIIoThl. ClelyeT Takke OTMETHTb, YTO MHKEHEPHbIC UCCIICNOBAHUS KHHETUKM MHOXKECTBA (DM3UUECKHX M XMMHKO-
TEXHOJIOTHYECKHX MPOILIECCOB aHAJIOTUYHBI 3a/lauyaM CTAI[MOHAPHOH M HECTAIlMOHAPHOM TemIonpoBoAHOCTH. K HUM MOXHO OTHECTH
npoueccsl qupdy3uii, ceAUMEHTAIMY, BA3KOIO TEYEHHs, 3aMEJUICHUS HEHTPOHOB, TEYCHHS KUAKOCTEH 4epe3 MOPHCTYIO cpeny,
3MeKTpUYecKue KoaebaHus, copOLuH, CymKH, ropeHus u aAp. CymecTBYIOT Pa3IHYHbIE METOABI PELIEHUS KIaCCHYECKUX KPaeBBIX
3a]1a4 HECTalMOHAPHON TEIIONPOBOAHOCTH U 3a7ay 0000IIEHHOTO TUIIA: METO Pa3/ieieHus epeMeHHbIX (MeTon Pypre); MeTon
TIPOJOJDKEHUI; METO] IPOU3BEICHNUS pEeIIeHNiT; MeTox J{foaMers; MeTo 1 HHTerpaIbHBIX IIPeoOpa3oBaHui; OIepallnOHHBII METO;
MeTon QyHkuuu ['puHa (U1 HeCTAIMOHAPHOH M CTAlMOHAPHON TEIUIONPOBOJHOCTH); METOJ OTPaXKEHUs (METOX MCTOYHHKOB).
B nanHoli paboTe Ha OCHOBE IIOCIIEAOBATEIBHOTO NPUMEHEHus mpeodpazoBanus Jlammaca mo Ge3pasMepHOMy BpemeHH O
Y KOHEYHOTO HHTETPajbHOTO CHHYC-TIPpeoOpa3oBaHMsl IO MPOCTPAHCTBEHHbIM KoopaumHatamM X u Y pemraercs 3ajaada
HECTAIlMOHAPHOTO pacIpeleleHus] TeMIepaTyphl [0 MEXaHW3My TEIUIONPOBOJHOCTU B MapajuIeNeNuNnene MHpH TIPaHUUHBIX
yCIOBUSIX TEPBOrO poja. B pesymbraTe MOIyu4eHO aHANIUTHYECKOE pEIICHHE 3aJayd  pacIpesieNieHus] TeMIepaTypsl
B MapaJuleNienunene A1 KOHAYKTUBHOTO peXnMa CBOOOJHON KOHBEKLHM, KOTJa OJHAa U3 OOKOBBIX TIpaHeil mapauienenunena
TIOJIJICP>KUBACTCS IIPU TTOCTOSIHHOM TeMIepaType, a OCTaJIbHBIC IIPU JPYroi 0JMHAKOBOM MOCTOSIHHOM TeMIIepaType.
KiiodeBble cJI0BA: aHATNTHYECKOE pelIeHNe, KOHEUHBIC HHTETpalbHbIe IpeoOpa3oBaHys, TEIIOIPOBOAHOCT, TPAHUYHBIC YCIOBHS
TIEPBOTO PoJia
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conduction under boundary conditions of first kind

Vitaly K. Bityukov, !  president@vsuet.ru

Anatoly A. Khvostov, 2 khvtol1974@yandex.ru

Alexandra V. Sumina, > vsum@rambler.ru
1 Department of information and control systems, VVoronezh State University of Engineering Technologies, VVoronezh, Russia
2 mathematic department, MESC AF «N. E. Zhukovsky and Y. A. Gagarin Air Force Academy» (Voronezh), Staryh Bolshevikov str., 54, Voronezh
3 Faculty of Applied Mathematics, Informatics and Mechanics,VVoronezh State University, 1 Universitetskaya pl., VVoronezh, Russia
Summary. Analytical study of the processes of heat conduction is one of the main topics of modern engineering research in engineer-
ing, energy, nuclear industry, process chemical, construction, textile, food, geological and other industries. Suffice to say that almost
all processes in one degree or another are related to change in the temperature condition and the transfer of warmth. It should also be
noted that engineering studies of the kinetics of a range of physical and chemical processes are similar to the problems of stationary
and nonstationary heat transfer. These include the processes of diffusions, sedimentation, viscous flow, slowing down the neutrons,
flow of fluids through a porous medium, electric fluctuations, adsorption, drying, burning, etc. There are various methods for solving
the classical boundary value problems of nonstationary heat conduction and problems of the generalized type: the method of separation
of variables (Fourier method) method; the continuation method; the works solutions; the Duhamel's method; the integral transfor-
mations method; the operating method; the method of green's functions (stationary and non-stationary thermal conductivity); the re-
flection method (method source). In this paper, based on the consistent application of the Laplace transform on the dimensionless time
0 and finite sine integral transformation in the spatial coordinates X and Y solves the problem of unsteady temperature distribution on
the mechanism of heat conduction in a parallelepiped with boundary conditions of first kind. As a result we have the analytical solution
of the temperature distribution in the parallelepiped to a conductive mode free convection, when one of the side faces of the parallele-
piped is maintained at a constant temperature, and the others with the another same constant temperature.
Keywords: Analytical solution, finite integral transform, heat conduction, boundary conditions of first kind.
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BBenenne

Ilpu aHamuze KOHAYKTHBHO-JTAaMUHAPHOU
CBOOOJHON KOHBEKIMH B 3aMKHYTBIX 00BEMax
ypaBHeHus: OOepOeka—-byccuHecka MoOryT OBITH
MIpEJICTaBIEeHbl B HecompsDKEHHOM  Buje [1].
JI71s IIOCKUX M OCECMMMETPUYHBIX TEOMETPUl B
[2, 3] uMeeTcs MHOKECTBO PEIIEHHBIX 3a1aY TETI-
JIOTIPOBOJHOCTH, HO CIIEAYeT OTMETHUTh, YTO aHa-
JIU3 MPOCTPAHCTBEHHBIX MIOCTAHOBOK MPECTABICH
HenocTatouHo. B [4] mpuBeeHBI METOABI MTOTyYE-
HUS aHAJTUTUYECKUX PEUICHUH, OJHAKO METOA KO-
HEYHBIX WHTETPAIBbHBIX CHHYC-TIPeoOpa3oBaHUMA
siBIsieTcst HanOonee 3 GexTuBHBIM [5].

B cBs3u coatuMm, Ha mpumepe obmactu
B (hopMe mapaiienenuieia Ipyu rpaHuIHbIX YCIIO-
BUAX TIEPBOTO POJa IEMOHCTPUPYETCS aJITOPUTM
MOJTyYEHUs aHATUTHYECKOTO PEIIeHHS C TOMOIIIBIO
npeoOpaszoBanus Jlammaca 1o BpeMeHHOH Tepe-
MEHHOW ¥ KOHEYHOTO WHTErPAIBHOTO CHHYC-TIpE-
00pa30BaHUs IO TEOMETPUIECKIM KOOPIHHATAM.

PaccmaTpuBaeTcs 3a7aua HeCTallMOHAPHOTO
pacnpezienieHus: TeMIIepaTypbl 0 MEXaHU3MY TeTl-
JIOTIPOBOAHOCTH B MapajuieNenumese Ipyu rpaHud-
HBIX YCJIOBHSIX IIEPBOTO POJA.
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B CHCTEMY JIJIsl U300pasKeHUS
T (X,Y,Z,8)=L"7[T(X,Y,Z,0)]
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[IpuMeHEeHNE KOHEYHOIO0 WHTETPALHOIO
cHUHyC-TIpeoOpazoBanms 10 Oe3pa3sMepHO KOOop-

IMHATE Y-
1

F[T.(X,Y,2)]= FY(X,Z):IT(X,Y,Z)sin(yY)dY,
0
rae | — KopHu ypaBHeHHs Sinu=0; c yu€rom
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F d’T |_d’o,
ldz? | dz?

R [1]= —%(cos;z -1);
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! 4
TEPEBOIUT UCXO/HYIO 33184y B H300pakeHue:

2 2
dd;DzY +B? dd;Y —(Az,u2 +S)CI)Y =0; (10)

@, (O,Z,s)=—i(cos,u—1); (11)

®,(1,Z,5)=D,(X,0,5)=d,(X1s)=0. (12)
[loBTOpHOE PpUMEHEHHE CHHYC-TIPe00pazo-
BaHus 1o Ge3pasMepHoii koopauHate L mpeoGpa-
3yer cucteMy (10)—(12) B cucteMy OOBIKHOBEH-
HBIX JU(QQepeHInalbHbIX ypaBHEHUH Cleayro-
Iero BUJA!
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Ilpumenum  oOpaTtHOe mpeoOpazoBaHHE
Jlannaca. [Inst 5TOrO0  BOCHOJNIB3yeMCSl  TEOpPEMOM
Bamenko—3axapuenko [2]:
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MOCJIeIOBaTENbHO K opuruHany B (17), momyaum
OKOHYAaTeNbHOE perieHue (prucyHok 1):
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Pucynox 1. PacnpemeneHme Ttemmeparyp mnpu (uxcmpoBaHHBIX 3HaueHHAX h, =01 h, =05 h, = 20; 0=1 u: a)

X =0,05;b) Y =0,25 c) Z=0,25

Figure 1. Temperature distribution at fixed valuesh, =0,1; h, =0,5; h, =20; @ =1 u:a) X =0,05;b) Y =0,25; ¢) Z=0,25

3akiaouenne

B pabote npoaeMOHCTpHUpOBaHO MPUMEHEHHE KOHEYHOTO-HHTErPATBHOTO MTPe0Opa3oBaHus s IOy~

YCHHA PCIICHUSA IIOCTaBJICHHOM 3agadn HOBOI1 CTPYKTYPHI.
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