HAYYHO-TEXHWUHECKMIN BECTHVK MHDOPMALIMOHHBIX TEXHOJIOM I, MEXAHWKM 1 OMTUKK
° HosIGpb—aekabpb 2022 Tom 22 N2 6 http://ntvifmo.ru/ hAvano-TExHMuECKuM BECTHMK
I IITMO SCIENTIFIC AND TECHNICAL JOURNAL OF INFORMATION TECHNOLOGIES, MECHANICS AND OPTICS "Hm“pMA““““HMX ]EXH“"“[““' MEXAH“K“ “ “"T“K“
November—December 2022 Vol. 22 No 6 http://ntv.ifmo.ru/en/
ISSN 2226-1494 (print) ISSN 2500-0373 (online)

KPATKME COOBLUEHNA
BRIEF PAPERS

doi: 10.17586/2226-1494-2022-22-6-1237-1240
VJIK 536.6

JAunddepennuanbHO-pasHOCTHAS MOJE/Ib TEIVIONEPEHOCA B TBEPABIX TeJIax
€ HCIO0JIb30BAHUEM METOAA MapaMeTpHuYecKoi HaeHTH(pUKanumn

Huxomnaii Bacuinesuu [Mununenkol, [lasea AnapeeBna Ko.noz{m?iqylczg,
Opuii [erposny 3apuunsk3

1.23 Vausepcurer UTMO, Cankt-TletepOypr, 197101, Poccniickas ®enepanns

I pilipenko38@mail.ru, https://orcid.org/0000-0001-9328-3166
2 pkolodiychuk@jitmo.ru™, https://orcid.org/0000-0002-9984-1613
3 zarich4@gmail.com, https://orcid.org/0000-0001-8713-3583

AHHOTALUA

PaccmoTpena 3amaua mapamerpudeckoil uaeHTuGuKanuu nudepeHnnanrbHO-pa3HOCTHON MOJIENN Mpolecca
TeruionepeHoca B chepuueckom Tene. [Ipu paspaboTke MoieIH UCTIOIB30BaH OPUTHHATBHBIA PACIIMPEHHBIN QUIBTP
Kanmana, KoTopbIil TO3BOJISIET y4ECTh 3aBUCHUMOCTD TEINIO(PU3NUECKUX CBOMCTB UCCIIEyeMOr0 00BEKTa OT TEMITCPATYPBI.
ITocranoBka 3a/1a4¥ U MOJYYEHHOE PELICHUE JAI0T BOBMOKHOCTb YUUTHIBATh PA3JIMUHBINA XapaKTep BHELIHETO TEIIOBOIO
BO3JICHCTBUS U MPOLECCHI, MPOUCXOSIINES BHYTPH TN, B OCOOCHHOCTH MPHU (Pa30BbIX MEPEX0aax B CHCTEMAax TEIl.
[IponemMoHCTpUPOBaHO XOpOIlIEe COBMAACHUE PE3yIbTaTOB MapaMETPUUECKOW HACHTU(DHUKALUN U YUCICHHOTO
MOJICTTMPOBAHUS C MCIIOIB30BAaHUEM NPOrPAMMHOTO MakeTa «Ansysy». [lokazaHo, 4To mpeAIoKeHHBIH B paboTe METO
MO3BOJISICT OMPEACIATh HE TOJIBKO TEMIIEpaTypy B Pa3HbIX TOUKaX 0OBEKTa, HO U BOCCTAHABINBATH HECTALMOHAPHBII
TEIUIOBOH MOTOK Ha TpaHMIE 00BEKTA, a TAKXKE YTOUHATH €ro TEIUIO(PU3UUECKUE CBOMCcTBA. PaccMOTpeHHBI MeTO
napaMeTprdeckoit uneHtudukanun 1uddepeHnnaIbHO-pa3HOCTHON MOIEIH TEILIONEPEHOCa MOKET HATH IIPHMEHCHHE
MpH OTpeAeIcHUH dPPEKTUBHOCTH aKKYMYIISITOPOB TEILIOBOM SHEPTHH.

KiioueBrnle c10Ba
nuddepeHInanbHO-pa3HOCTHAST MOIeb, chepuueckoe Teno, chepuueckas cummerpusi, punbtp Kanmana,
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Abstract

The paper considers the problem of parametric identification of a differential-difference model of the heat transfer process
in a spherical body. When developing the model, the original extended Kalman filter is used which allows taking into
account the dependence of the thermophysical properties of the object under study on temperature. This formulation and
the obtained solution of the problem make it possible to take into account the different nature of the external thermal
effect and the processes occurring inside the bodies, in particular, during phase transitions in systems of bodies. The
research results obtained using parametric identification and Ansys software are in good agreement. However, the method
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AdnddepeHumanbHO-pasHOCTHAA MOENb TEMJIONepPeHOca B TBEPAbIX TENAX. ..

we have considered, in contrast to the Ansys software, allows not only to determine the temperature at different points of
the object, but also to restore the non-stationary heat flow at the object boundary as well as to refine its thermophysical
properties. The considered method of parametric identification of the differential-difference model of heat transfer can
be successfully used in determining the efficiency of heat energy storage devices.
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B Hacrosiiee BpeMsi aKTyaJbHBIM SIBIISIETCS pele-
HUE TPSIMBIX ¥ OOPATHBIX 3334 TEIUIONPOBOIHOCTH TIPH
M3BECTHBIX I'PAHUYHBIX YCIOBHSIX, B OCOOCHHOCTH €CITN
BHYTPH T€JIa MIIM CHCTEMBI TEJT IPONUCXOAAT (ha3oBBIE TIEpe-
x071p1. CyIIeCTBYIOT pa3iNuHbIE METOIbI BOCCTAHOBIICHUS
HECTalMOHAPHON TeMIIepaTyphl MPH PEIICHUH MPSIMBIX
3aj1a4 TETUIONPOBOAHOCTH 1 HECTAIIMOHAPHOTO TETIIIOBOTO
MOTOKa OOPaTHBIX 3a]1ad TEeTJIONPOBOAHOCTH. B padore [1]
MIPUBEICHO OIMKMCaHKE METO/a MapaMeTpHUYECKON HICHTH-
¢duxkaimu uddepeHIranbHO-pasHOCTHBIX MOJICNIECH TerIo-
NepeHoca Ha OCHOBE PEKYPPEHTHBIX aJIrOPUTMOB (QHIIBTPA
KaymaHna, KOTOpbIH MO3BOJMIT PEIIUTH PSIZ CIOMKHBIX HECTa-
LIMOHAPHBIX 3a/1a4 [2—8]. AJITOpUTMBI IPOrpamMM JJIs peliie-
HUSL psijia IPSIMBIX M OOPaTHBIX 3a/1a4 TEIUIONPOBOAHOCTH
IPY MCHONB30BaHUK AN PepeHIINaTbHO-PA3HOCTHBIX MO-
JieTiel ¥ HeOTPEIeIICHHOCTH, TIOJTyYeHHBIE MTPH PEIICHUH
pa3IMYHBIX 334, MPUBEACHHI B padoTax [2—8].

[IpencraisieT HHTEpEC UCMOIB30BAHME TToxoa [2—8]
B aKKyMYJISITOpaxX TeIIoBoi sHepruu [9, 10] ¢ nensio yBe-
nuaeHus PPEKTUBHOCTH ACUCTBYIOIIETO 00BheKTa. B oT-
JIUYHME OT PAaCCMOTPEHHBIX B [2—8] 3a7ady, rae BHIOTHEH
aHaJIM3 TeJla WIM CUCTEMBI TeJ B BUJIE TUNIOCKUX CTEHOK C
pacroyioKEHHBIMH Ha MX MMOBEPXHOCTSIX Ipeodpa3oBaTe-
JIIMH TEIUIOBOTO TIOTOKA, B padorax [9, 10] akkymymsiTop
numeeT cheprudeckyro GopMy co CeHUPIUSCKIMU MTPOIIeC-
caMH TeIuIoNepeHoca.

OtMmeTnMm, 4TO B HacTOsIIIEH paboTe UCIIOIB30BAH OpH-
THHAJTBHBIA paciIupeHHbit GuisTp KammaHa, KOTOpEIi
MIO3BOJISIET YUECTh HETMHEWHOCTD 337a4M, 3 UMEHHO 3a-
BHCHMOCTH TEIUIO()N3NIECKUX CBOMCTB OT TEMIIEPATYPBI.

Henp paboTer — momydenne nudhepeHnarbHo-pas-
HOCTHOH MOZENHN TeIUIoNepeHoca c(hepruueckoro Teia u
OIpe/ieNieHNe aJeKBaTHOCTH pa3pabOTaHHOM MOJeNn pe-
AJBHOMY IPOLIECCY TEMJI000MEeHa B MPOIeCcCce PELICHHUs
MPSIMOM 3a/1a4M TEIUIONPOBOJAHOCTH C MCIIOJIb30BAHUEM
pacummpenHoro ¢unsrpa Kanmana v ¢ momMouso mpo-
rpammHoro obecricueHus (I10) «Ansysy.

B kauectBe (hnznueckoil Mojesnn BBIOpAaH CTaJIBHOM
mapuk auamerpom 30 MM, HaXOASILIUICA B TEKydel cpe-
Jie, TeMIiepaTrypa KOTOpOi MEHSIETCS TI0 TAPMOHUYECKOMY
3aKoHy /., = 100sin(51). 'naponuHamMudeckue mapamMeTpsl
CpeIlbl TAKOBBI, UTO KO3()(HUIMEHT TEIIO0TAAYH K TTOBEPX-
HOCTH IIApUKa TOCTOssHEH U paseH o = 100 Br/(m2-K).
Tpebyercst ycTaHOBUTH IMHAMUKY TEMIEPATYPbI LIEHTPAIb-
HOM 4acTH UCCIIElyeMOT0 Tella.

Pemrenue 3a/1a4 BBIITIOJTHEHO HAa OCHOBAHUM aJITOpUTMa,
paccMoTpeHHoro B padorax [1, 3]: 00bEKT yCIOBHO pa30ouT
Ha 7 611oxoB (Hanpumep 7 = 20), U 1715l KaKJI0T0 COCTaBIIe-
HO ypaBHEHHE TEIIOBOTO OasaHca.

[Tocrne npoBenenus psia npeodpa3oBaHUi COCTaBIEHA
muddepeHnnansHO-pa3HOCTHAS MOJIEIb ITpoliecca TerIo-
HepeHoca OT MEPBOTo A0 IMOCJIEIHETo OJI0Ka ¢ yKa3aHueM
TPaHUYHOTO YCIIOBHS HA IIEPBOM OJIOKE.

B ob6mem cirydae nuddepeHnnanbHO-pa3sHOCTHAS MO-
nenb uMeeT Bu [1]

diT(T) =F(1)T(7r) + G(r)U(1),
T

rae F(t) u G(t) — MaTpuisr 00paTHBIX CBsI3ei U ympaB-
nernst; U(t) u T(T) — BeKTOpa yNpaBieHHUs U COCTOSHUS;
T — BpeMs.

[IpuBeneM BbIpakeHUs AJIsl pacueTa CKOPOCTEH U3-
MEHEHHS TeMIlepaTypbl Ha IepBOM (BHEIIHEM), BTOPOM,
JICBSITHA/IIIATOM U JIBAALATOM (IIEHTPAJIbHOM) OJIOKaX HC-
CJIEJyeMOTO TeJla B CBSI3U C HAJIMYUEM Psijla 0COOEHHOCTEH
IIPU MX BBIBOJIE. BBIpaykeHuUs Uil CKOpOCTEil N3MEHEHUS
TemIieparypbl 6:10K0B 3—19 HICHTHYHBI BTOPOMY, TI03TOMY
BbIpakeHus 3—18 He mpuBoasATCS.

ﬁ _ 3q(t)S 3aS\t, N
dv  4epn(RP—R?) (R =R, )R’ —R})
3aSit,
+ 2
(Rlil - Rzil)(st - R13)

dt, 3al,t,
dt (Rzil - R371)(R33 - R23)
S, S 3aSit,
n n 3aty + 1 (P 3 3
(Rz?l - Rsil) (Rlil - Rzil) (Rf _Rzi )(R3 _RZ )
% B 3aS,yt,,
dt (R|971 - Rz(l)(Rzo3 - R|93)
_( Sw _ S18 )3at19+
(le;I - Rzoil) (Rlsil - R197])
3aS gt

+ b
(R187] - Rl‘)il)(Rzo3 - Rw})

% 3aS,sty "
dt (R197] - Rzoil)(Rzo3 - R193)
3aS,t,y

Jr b
(R1<)71 - Rzoil)(Rzo3 - R193)

e ¢(t) — nmocTynaromuil Ha MOBEPXHOCTH Tejla HeCTalu-

OHApPHBII TEIUIOBOH MOTOK; T — BpEMsl; 0L = —- — TeMIle-
cp

1238

Hay4yHOo-TexHn4eckuii BECTHUK MHDOPMALMOHHBLIX TEXHOOMMIA, MEXaHUKN 1 onTukn, 2022, Tom 22, N2 6
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 6



H.B. Mununexko, MN.A. Konoauninyyk, tO.IM. 3apniHak

(o)}

N
N
”

Temmneparypa
HeHTpa mapuka, °C
)
~.
-~
-
L

Bpewms, ¢

/ I1O «Ansys»

= = QuipTp
Kanmana

A d

80

Pucynox. Pe3ynbrarsl penieHus npsaMoi 3a1aun TeMJI0NPOBOIHOCTH

Figure. The results of solving the direct problem of heat conduction

PaTyponpOBOJHOCTD; | — HOMEp OII0Ka; ¢; — TeMIeparypa
i-ro O1oka; R; — BHEIIHUiI paguyc i-ro 0JI0Ka; ¢ — yAelb-
Hasl TETJIOEMKOCTb; p — IIJIOTHOCTB; A — TETJIONPOBOJI-
HOCTb; S; — ILIOIIa b BHEIIHEH IOBEPXHOCTH i-I0 OI0Ka.

Ha pricyHKe mpeicTaBIeHBI Pe3ynbTaThl pacueTa TeMITe-
patypsl IEHTpa MOAETHHOTO IIapa IMPH BEIOPAaHHOM 3aKOHE
HU3MEHEHMsI TEMIIEPATYPBl OKPYKarollel cpeapl. PacueTsl
BBITTOTHEHBI C MCIMOJIB30BAHUEM METO/a MapaMeTpuye-
ckoit uaeHtudukanuu audhepeHIInaTbHO-PA3HOCTHBIX
Moyierneil mpoliecca TeronepeHoca U YNCICHHOT0 METo/Ia
ITO «Ansysy.
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HBIX Mojelel npouecca temnonepeHoca u [10 «Ansysy,
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