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Abstract. Numerical simulation of the conjugate natural convection in closed square cavities with a heat-
conducting element has been carried out. A two-dimensional closed cavity with square, triangular, and
trapezoidal heaters, as well as in the presence of heat-conducting walls, has been considered as an area of
research. The temperature inside and on the surface of the heater was considered to be constant and maximum,
the temperature on the external side walls was considered to be constant and minimum. The lattice Boltzmann
method as the main numerical solution method has been chosen. The influence ofthe thermal conductivity ofthe
heat conducting walls and the material ofthe energy source, the shape ofthe energy source and the intensity of

theflow in the cavity has been studied. As a result, thermohydrodynamic characteristics have been obtained.

BBegeHMe. 3afjaunm eCTeCTBEHHOW KOHBEKLMW B PasMYHbIX TEXHOMOTMYECKMX OBOBEKTax SBAAHOTCS
aKTya/lbHbIMU C CaMOT0 3apoXAeHWs 061acTy TMAPOAMHAMUKIA. Pe3ynbTaTbl TaKMX UCCef0BaHWiA MOTYT BbITb
MHTEPECHbI W MO/e3Hbl B 06/1aCTV OXNXKAEHWS MUKPO W PagMo3neKkTpoHuku [1-3]. B HacToAwmin MOMEHT
BPEMEHWN pa3paboTaHO HECKOMbKO TUMOB OXNaXAEHWs pasfiuuHbiX cucteM [2]. HecmoTpsa Ha 6onee
3(heKTUBHbIE M YaCTO WCMOMb3YEMble CUCTEMbI OXMKAEHWUS MAKOCTHOrO TUMA, CUCTEMbI MACCUBHOIO
OXNaXAEHUS  OCTalOTCS BOCTPEO6OBAHHLIMW  BBWAY YHWBEPCALHOCTM WX MPUMEHEHWSt U NPOCTOTI
obcnyxuBaHms. Kpome camux YMCNEHHbIX Pe3y/bTaToB MWCCNefOBaHUMA, TakkKe WHTEPECHbI U YMCMEHHbIe
METOAVKM, C MOMOLLLH KOTOPbIX MOXHO 3TV [aHHble MoayuuTb. B HacToslwem wuccnegoBaHun 6yget
paccMaTpmBaTbCA PeLUETOYHbIA MeTog BombumaHa. [aHHbiAi MeTOA OXBaTblBaeT Becb (DYHKUMOHAN paHee
MOAPOBHO M3YYeHHbLIX METOAOB KOHEYHBLIX Pa3HOCTEN, KOHTPO/bHbIX 0OBLEMOB M KOHEYHbIX 3/1eMeHTOB [4]. B
[aHHOl paboTe 6bINO NPOBEAEHO MCCNeAoBaHWe COMPSKEHHOW eCTeCTBEHHOV KOHBEKLMM B 3aMKHYTbIX
06MacTAX € MCTOYHMKAMW 3HEPrUM KBafpaTHOW, TpamneuueBUAHOV W TPeyrofibHoW (opMbl, MPUYEM Kak

Harpeeare/n, Tak 1 orpaxkgarowime KOHCTpyKUuumn obnactu peLweHna AaBnAnMcb TennonpoBoAHbIMA.
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dusnyeckas U maTemaTmMyeckas noctaHoBKa. Ha pucyHke 1 npefcTaBneHa 06/1acTb WCC/Ief0BaHMS.
BHYTpM 3aMKHYTOr0 KBagpaTHOro 6/10Ka HaxoAuTCs cpeda CO CBOMCTBaMM HEC)KMMAEMOW HbHOTOHOBCKOM
YXMLKOCTM 1 MOCTOSHHLIMU TEN/I0PM3NHECKMI CBOCTBaMY, YAOB/ETBOPSIOLLAS NPUOBAMKEHMIO ByccrHecka.
BepTvKa/ibHble 60KOBble CTEHKW MOAAEPXMBA/INCE MPU PUKCUPOBaHHOM TemnepaType Tc. OcTasibHble CTEHKU
CUATaNIMCb  TEM/I0M30/IMPOBaHHbIMKW. [poLecchbl TensoobMeHa B paccMaTpyBaeMoli 06/1acTU ONMCbIBAKOTCS C
MOMOLLIbHO KMHETUYECKOr0 ypaBHeHMS BonbumaHa (1), (2). Mpwv peLueHn NpeacTaBneHHON HEM30TEPMMYECKON
3afaum 6bI1 1cnonb3oBaH noaxos DDF, nmogpasymeBaroLLmiA MCMOMb30BaHWE ABYX (DYHKLWIA pacnpeaeneHns,

ONA ONPefeNieHns CKaNISIpHbIX (TEMMEPaTypa) Y BEKTOPHbIX (CKOPOCTb) MaKPOCKOMMUECKIX XapaKTEPUCTVIK.

Puc. 1 O6nacTb uccneioBaHus: 1- rasoBasi NofocTh, 2 - TENONPOBOAHbIE MCTOUYHUKM 3HEPTUN PA3NNYHBIX

thopM, 3 - TEMONPOBOAHbIE OFPaXKAAtOLLME CTEHKN

KunHeTuueckoe ypaBHeHVe BorbLMaHa npeacTaeieHo B Buae [5]:

fk(X+ Oxy + Ay, + 0)) =tk (Xy, /) (1- of ) 10 5(Xy, t) + HRON @)

gk (x+Oxy + [y, t+0/) =gk (x,y,t)(1- ®g) +®ggr (x.Yt) @

3neck fk - k-as diyHKUWS pacnipegeneHnst (K onpeaensitTcsl Npy BblOOpe TOWM WM MHOIA PELLETOYMHON MOAENN),

fr="Kp 1+ +(UZ(:>4A V;; - K-ad (yHKUMS JIOKa/IbHOr0 pPaBHOBECHOMO pacnpefeneHns, wk -
C
1
BECOBble KO3(PULMEHTDI, tof = 3 +05 - hopmyna A1 pacyeTa PyHKUMN pacnpefeneHusa 4is asvxeHuns (v -
v + 0.

K/HeMaTuyeckasi BAskocTb), Tk n fkeq - dyHKUMM, MCMonb3ytoLyecs it ONpeaeneHnst MakpPOCKOMUUECKMX

MapameTpPoB CKOPOCTM W M/IOTHOCTY, gk U gKg - (hyHKUMW ANs OMpefenieHns Temneparypbl, 0 =-—-1 -
g

napaveTp, WCMoNb3yeMbld Npu pacyeTe (yHKUMIA pacnpefenieHnst ans TemnepaTypbl (@ -  KO3pMumeHT

TeMnepaTypornpoBOAHOCTH).
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Puc. 2. BansHne pasmepHOCTH CeTKU

PesynbTaTbl M 3ak/oyeHWe. B npouecce pacyéta peLleTOUYHbIM MeTofoM bonbumaHa  Gbuna
ncnonb3oBaHa AByMepHas mofens D2Q9. Mepen BbiMonHeHWeM pacyéToB Oblna NpoBefeHa OLEeHKa BMSAHUSA
CETOYHON 3aBMCMMOCTU. Ha pucyHke 2 npefcTaBneHbl CPaBHEHUs pacrpefeneHns M30TepM, MOMYyYeHHbIX Ha
PasNYHbIX BbIYNCAUTENBHBIX CeTKax. C  Y4€TOM MOAYYeHHbIX JIOKafbHbIX MNonein 6bina  BblGpaHa
CTPYKTYprpoBaHHas ceTka pasmepHocT 100x 100 BbIUMCAUTE/bHBIX Y3/10B.

B pesynbTaTe uccnefoBaHwiA 6biAv NOAy4YeHbl TemnepaTypHble MNOAs, PacrpefenieHns W30MUHWIA
(hyHKLMM TOKa 1 BEKTOPA CKOPOCTU MPU Pas/iMuHbIX 3HAYEHUSX OTHOCWUTENbHON TeM0NPOBOAHOCTY MaTepuana
cpefpl, Uncnax Panes B guanasoHe 104<Ra < 106m1 415 pasnuuHbIX hopM UCTOUYHMKA TEM0BbIAENEHUS.

Pab6oTa BbINOMHEHa MpW PrHaHCOBON noggaepxke CtuneHgmm MpesngeHta PO CI1-2080.2021.1.
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