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ONITUMIBAIIA PO3PAXYHKY TEMIIEPATYPU TA HIBUJAKOCTI
JJIs TEIIVIOOBMIHHUX ITPOLECIB B AAIABATUYHUX YMOBAX

Y cmammi noxazano mooens meniooOMiHy 0nsl YUTiHOPUYHOI 3020MOBKU 3 HECTMAYIOHAPHUM
pedicumom 6 adiabamuuHux ymogax. Busmaueno cepeoHio weUOKICMb NOWUPEHHS MPUBUMIDHOZO
@poHmy mennoobMiHy 8300824 YUNIHOPA MA CepeOHI0 NONePEeyHy memMnepamypy Ojisl Yb020 PerCumy
yepes piGHAHHA MEeNIONPOosIOHOCHI ma pieHsaHHA Kinemuku. Kpiv mozo, eusHauero enius padiyca yu-
JIHOPA HA WEUOKICMb Meni000MiHy. Buxopucmosyrouu pisHaHHS MenionpogioHOCmi ma 2paHuyHi
YMO8U, BUSHAUEHO CepeOHIO0 NONepeyHy memnepamypy yurinopa npu meniooomini. Taxooswc euxopuc-
MOBYIOUU PIGHAHHS KIHEMUKU, OMPUMYEMO 3HAYEHHS CePeOHbOI UWEUOKOCIE NOUWUPEHHSA MPUBUMIDHO-
20 (hpoHmy 6300624 YUNTHOPA 01151 HECIMAYIOHAPHO20 PeANCUMY 6 adiabamuyHux ymogax. Jocrioiceno
yepes napamemp R, axull noxasye, HacKinbku padiyc yurinopa Oinbuul XapaKxmepucmuyHoi eeauyu-
HU 30HU peakyii, wo npu 30L1bUeHHI padiyca WeUuoKicms Meni000MIHYy He3HAUHO 3MEHULYEMbCA.
I'paghiuno nokazano 3anedxcnicmo Ry 6i0 xapaxmepucmuunoi eenuuunu 30nu peaxyii GITd ons 0sox
pedicumie cmynens 8i00anents 6i0 obaacmi. Buxopucmosyrouu pieHsHHS MenionposioHocmi ma pis-
HAHHS KIHeMUKY 3 NOYAMKOBUMU | SPAHUYHUMU YMOBAMU, BUSHAYEHO CEPEOHI0 WBUOKICHb NOWUPEH-
H ()poHmMY 8300824 YUNIHOPA OJiA HECMAYIOHAPHO20 PeXCUM) 8 A0iabamudHux yMo8ax ma cepeonio
nonepeyny memnepamypy. Po3e’sa3ano ocecumempuyny epanuymy 3a0ayy HeCMayioHapHo20 Meniooo-
MiHYy 3 pyXom ponmy menia y3006ic oci cumempii yuninopa. Ilpugedena mamemamuuna mooenn
MenI000MIHHO20 Npoyecy OOCHIOHNCYBANACA i3 3ACMOCYBAHHAM MemOoOy KIHYe8UX PI3HUYb I npocpam-
Hoeo 3abesneuenns ANSYS. Tloxazano, wo memnepamypa enubuHu nepemeopeHusi meniooOMiny 3Ha-
Xooumwcs 6 nepepisi, NepReHOUKYIAPHOMY 0Ci YUNIHOPA, AKUL NPOXOOUms uepe3 mouKy 3 MaKCumaiob-

HOIO MEeMNepamypor0, NPUHOMY, YUM SULA MEMAEPAMypd, MuM CEIMAUA WMpuxoska ooacmi.
Knruosi cnosa: mennoobmin, yuniHOpuuHa 3a20MoeKd, MAmeMamuyHa Mooeib, memMnepanmy-
pa, mennosi npoyecu, memoo Kinyesux pisnuyb, ANSYS.

Beryn. TerumooOMiHHI TiporiecH sIK XiMiko-
TEXHOJIOTIYHUI TPUHOM JAl0Th MOXIIHUBICTb
OJIEP)KYBaTH MiJbOBI MPOMYKTH IIPH BEJIHKIH
MPOAYKTUBHOCTI TPOILECY 1 HU3BKIH BapTOCTI
BUTpPAT Ha ioro opranizaiito [1, 2]. B TemmoBux
nporiecax 0epyTh y4acThb HE MEHII sIK JIBa cepe-
JIOBHIIA 3 pi3HUMH Temneparypamu. CepenoBu-
11e 3 OLTBII BUCOKOKO TEMIIEPaTypoIo, sSIKe Biamae
NpU TEIUIOOOMIiHI TeII0, HA3UBAETHCS TEIUIOHO-
ciem, cepeIoBHIIE 3 OLIBIT HU3BKOI TeMIlepaTy-
POIO — XOJIOAMIBHUM areHTOM (XOJIOI0ar€HTOM).
TemnooOMiH Mae BaXJIMBE 3HAYSHHS ISl [IPOBE-
JICHHSI TIPOIIECiB BUTIAPOBYBAHHS, CYIIiHHS, IIepe-
TOHKHM ¥ iH. € Tpu crHocoOM mepeaadi TeIUIoTH:
TETUTONIPOBIAHICTh, KOHBEKIIiS 1 BUIPOMiHIOBaHHSI.
TermmonpoBiiHICTh — ABHUIIE EPEHECEHHS TEILI0-
BOi eHeprii Oe3mocepeHIM KOHTAKTOM MDK yac-
THUHKam¥ Tina [3, 9].

MarteMaTiuHe MOJIETIOBaHHS — TEIUI000-
MIHHUX TPOIECIB, 10 0a3yeThcs Ha 1X MareMa-
TUYHOMY OIHMCi, IOCUTh JaBHO BUKOPHCTOBYETH-
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cs B TexHiwi [8, 9, 11, 12]. IIpoTe 3MicT MaTema-
TUYHOTO MOJICIIOBAHHS, HOTO MOXMIIMBOCTI Ta
aKTYaJIbHICTh CTBOPEHHS MAaTEMaTHYHHX MOJIe-
el 3a3HanM NOKOpiHHUX 3MiH. Lle moB’sa3aHO
3 riepeBaraMu IUX METOJIB Iepejl HATypaIbHUM
EKCIIEPUMEHTOM, 31 IIBUJIKAUM PO3BHTKOM 3ac00iB
00YHCITIOBAJIbHOI TEXHIKK Ta ii MaTeMaTHYHOTO
3a0e3redyeHHs i 3 YAOCKOHAICHHSM HasBHUX Ta
PO3pOOKOI0 HOBHX YHCENBHUX METOJIIB pealiza-
il CKIIaTHIX MaTeMAaTUIHUX MOJIENEH, [0 BUKO-
PUCTOBYIOTh MaTeMaTHYHUH amapar audepeHti-
aJBHOTO ¥ iHTerpasbHOro yncieHHs [9]. CyuacHi
MaTeMaTH4YHI MOJeNli JaloTh 3MOTY OJiepKaTh
PO3paxyHKOBUM IIUISIXOM BEJHKY i JJOCUTh TOYHY
iH(popMaNio Npo pi3Hi TEIUIOBI MPOLIECH B TEXHi-
i. [IpoBeneHHsT OOYUCITIOBAIBHUX €KCIIEPUMEH-
TiB 3 MaTEeMaTHYHOIO MOZEJUIIO, 1[0 peaji3oBaHa
y BUTJISIAI KOMIT FOTEPHOI MporpamMu, 3adesnedye
CKOPOYEHHS TEPMIHIB JOCIIKEHHS 1 3MEHILICHHSI
HOro BapToCTi, JIA€ MOMJIUBICTH MPOTHO3YBATH
MOBEIIHKY OCHTI[KYBAaHOTO 00’€KTa B PI3HUX,

155



ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

y TOMY YHCIi ¥ eKCTpeMabHUX CUTYaLisiX, CTBO-
PIOIOYH, TAKAUM YMHOM, OCHOBY IS TEIUIOTEXHIU-
HOTO OOIPYHTYBaHHS IPOCKTHHUX pIllIEHb IPHU
pO3p0o0IIi HOBHUX 1 BIOCKOHAJICHHI HAasSBHUX TEX-
HOJIOTIYHHX TPOIIECIB 3 METOIO 3HIKCHHS €HEep-
TOEMHOCTI BHPOOHHWIITBA 1 MiABUINCHHS SKOCTI
npoykuii [ 10-15].

Merta Ta mocraHoBka 3agayvi. OCKUTbKU
Ha TemIoOOMiH BIUIMBA€ OJHOYACHO [EKiTbKa
(hakTOpiB: MBHUIKICTE, HAIIPSIMOK, PO3MIipH MOJIE-
i, TOYaTKOBa TeMIeparypa, TeMIepaTypa cepe-
JIOBHINA TA YMOBH, B SIKHX BiIOYyBa€Thcsl O€3M0-
CepeHbO CaM MPOIEeC, TOMY BasKJIMBO JOCIHIAUTH
i gakropwu.

Bukaan ocnoBHoro marepiany. Ilomm-
PEHHSI TeIUIa TIOYMHAIOCS JIOKaIbHO y Toumi. Ha-
Jialli mpolec MPOXOJUTh Y PEXHMI MOIIApOBOTO
MOETANHOTO0 PyXy. Y BimoMux poboTax 3 BH-
BUCHHSI TEIUIOBOTO PEXHMY TEIIOOOMIHHHX
MIPOIIECIB po3risaanacs moaioHa OCeCUMEeTpHYHA
3ajjaya HECTAlLlIOHAPHOTO TerIo00MiHYy 3 pyXoM
Y3I0BXK OCi CUMETpii NWIIHIAPUYHOI CICTEMH Ha
novaTkoBoMy ertami [6, 11].

OCKiNBKH TicTIS MOYaTKy MOIIUPEHHS Terl-
Jla BiOYBA€ThCsI 1HIIIFOBAHHS PEAKIIii, TEII000-
MIH 3IACHIOEThCS 1 HA O14HIN MOBEpXHi, 1 HPOHT
TeIIa PYyXa€eTbesl MEPHEHIUKYISIPHO O OCi CH-
MeTpii.

[lapameTpu TETIOBOTO PEXUMY 1 po3Mip-
HICTh PO3B’SI3yBaHOI 3a/1a4i 3alieXarh BiJl KOOp-
JIUHAT TMOYATKOBOI TOYKU TEILIOOOMIHHOTO IPO-
necy. OCKUIBKM B HAIIOMY BUIAJKy MO>KJIMBHUIM
HOYaTOK PyXy Temia 3 IEHTPY Topus abo kK 3
014HOi MOBEPXHI HWITIHAPA, TO MPOTITOM yChOTO
4yacy TEIUIOOOMIHY peayli3yeThCs OCECHMETPHUY-
HUH TETI000MiH.

Y poii OCHOBHOTO 00’€KTa JTOCIiKEHHS
PO3MIISIAETHCS TEMTOOOMIHHUN MPOLEC Y WITiH-
api. TakuM 4MHOM, OCECHMETPUYHUM Ma€e OyTH
1 TeMIepaTypHe ToJie [MIITiHApa.

PosrisimaeMo TIBOBHMIpHY MOJENB TEILIO-
0oOMiHYy TIpH TemJI000MiHI MJIOCKOTo Liapy OJu-
HUYHOI TOBIIMHM wwiiHapa. llap Bupizaerscs
TaKUM YHHOM, 1100 HOTO JOBXKHHA JIOPiBHIOBAJIA
MaKCHUMaJIbHO MOKJIMBOMY IUISAXY TEIIOOOMIHY.
BiamoBigHo rmmonHE Tiepepily MPOXOASTh 4de-
pe3 MOYaTKOBY TOUYKY IOIIMPEHHS 1 HaHOiIbII
BiJiZlaJicHy BiJ HeT TOUKY.

Taka MoJenb Jae 3MOr'y ONHMCaTH MoJe Te-
MIIepaTyp y HalOLIbII XOMOAHIH (TT0YaTOK TEIUIOo-
oOMiHy) 1 raps4iii (3aKiHYCHHS TEIUI00OMiHY)
30HaX IUIiHApa (PUCYHOK 1).
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3 MaTeMaTH4YHOI TOYKH 30py, IpOLEC Tell-
JTOOOMiIHY OTIHCYETHCS CHCTEMOIO PiBHSIHB TETIIO-
1 MacoIlepeHocy 3 pKepesiaMu Teria i MPOIyKTiB,
00yMOBJICHOTO XiMIYHOIO peakiiiero [6, 7]. Hass-
HICTHb YJIEHIB, €KCIIOHEHLIAILHO 3aJIEKHHUX Bif
TeMIepaTypH, BHU3Ha4da€ BCl crenudivyai pucw,
BJIACTHBI TEIJIOOOMIHHUM IPOIIECaM.

Pimtenns wi€i cucTteMu pIiBHSHb BHpaXkae
IIPOCTOPOBO-YaCOBUH PO3MOALI TeMIlepaTyp, KOH-
LeHTpamii peareHTiB 1 MPOAYKTIB, MIBHIKOCTEH
peaxiii Ta iHIIMX MOKa3HUKIB mporiecy [8, 9, 11].

Peaxiisi TerI000MiHY MPOXOAWTH OIHOYA-
CHO B ycboMy 00’eMi Tina. Teruto, mo BUALISETh-
Csl, YaCTKOBO BiJJBOAUTHCS B HABKOJIMIIIHE CEPENO-
BHILE, 4 YACTKOBO 3a/JIHMIIAETLCA B CHCTEMI 1 Iif-
BuIIye ii TeMneparypy. Temmneparypa 3MiHIOETHCS
BiJl TIOYATKOBOTO 3HAYEHHS 10 JEAKOI BEJIMYHMHHU,
IO BIJINOBIJa€ MOBHOMY aJlia0aTUYHOMY TIEpET-
BOPEHHIO PEareHTiB.

s Mozenp a€ MOXKIHMBICTH ONMCATH Me-
XaHI3M pyXy TEIUIOOOMIHY IS HECTaliOHAPHOTO
peXUMY TOpiHHA B a/liladaTHYHUX YMOBaX Ta BH-
3HAYUTH CEPEIHIO IIBUAKICTH MOIIMPEHHS Tell-
J000MiHY B ciHOBOMY pexkumi. KpiM Toro, BuKo-
PHUCTOBYIOYHM OCHOBHI KiHETHYHI PiBHSHHS TEILIO-
00MiHy, BU3HAYUMO BIUIHB pajiyca Ha MBUAKICTH
ropinHs (pucyHok 1).

—~
>::C__.~/
i

Pucynok 1 — CxemaTuyHa MojiesIb pyXy
TeNmJI000MiHy B IMJIIHAPUYHII 3aroToBUi

PesyabTaTtn gocaimxkens. B 06e3po3mip-
HOMY BWIJISIJII MaTeMaTW4dHa MOJENb PyXy Tel-
JIOOOMiHY BKJIIOYA€ PIBHSHHS TEIIOMPOBITHOCTI
[12-14]

00 _0%0 100 1 0% 3% 1oy

—= + - 1
or aXZ X OX X2 a¢)2 622 Td ot ( )

1 piBHstHHS KiHeTuku [11, 13]

0
on _ |Td(1-n)exp—2— 1,
o _f1dW=mexpr=g <L)

ot 0npun=1
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Cuctema piBHSHb Ma€ MOYATKOBI 1 rpaHuyHi ymMoBH [10]:

7=00<x<R,0<¢<270<2<27,:0=6,,n=0;

7>0,x=R,0<¢p<270<2<2, :g—gz—aT(H—ﬁo);
X

T>0,OSXSRO,OS(pSZﬁ,ZZOZZ—GZO; . 3
z
0 =0npur <7,
00<x<R,0L5p<27,2=12,:
i e 0 %=Onpur<rign.
oz
T-T.)E RT.? E t,
Hz( 2) ’ =C exp az':ixrign:ﬂ- 4)
RT. k,EQ RT. t t.
*
(ooly) b b b b E
eRT,2 L athe
Td=——,0p=——,07 =——,T*» =Tp +Qlc, ()

EQ Td 2

ne T — temmeparypa, T~ — XapakKTepUCTHYHA TEM-  PEICKCIIOTeHIIaTbHI MHOXXHUK, E — eHepris
neparypa, Ky NpuiAMaroTh 3a afiadaTu4yHy TeM- akTuBalii, R — yHiBepcanbHa cTamna, oy — Koedi-
nepaTypy TemiooOMiHy, Tp — TeMmmeparypa Ha- II€HT TEIUIOBiAJaui BiJ TMOBEpXHi 3pa3ka B Ha-
BKOJIMIITHBOTO CEPEOBHIINA 1 MOYATKOBA TEMIle- BKOJIMIIHE CEPEIOBHIIE, o, Ny — pamiyc i BucoTa

parypa 3paska, C — nMTOMa TEIUIOEMKICTh, Q —  muIiHApa, tigy, — Yac il 3amanxodoro iMIyiscy,
TEIIOBHI e(eKT peakiii, # — TIuOnHa nepeTBo- 14— Kputepii Toxeca, Ar — kputepiii AppeHiyca.
PEHHSI, po— Maca KOHIEHCOBaHOI ()a3u B OJMHUII MarematnaHa Moems TermioooMminy [11]:
00’emy, t — gac, », ¢, h — IPOCTOPOBI KOOpAWHA- 1) cucremy Tphox audepeHIiaTbHIX

TH: pajiyc, KyT i KOOpJAMHATA B3JIOBXK OCl IWIIH- PIBHAHb HECTAlliOHAPHOI TEIUIONPOBIAHOCTI B
JIpa BiJIIOBITHO, A — TEIIONPOBIAHICTh, Ko — Me-  JEKapTOBUX KOOPIAMHATAX:

Cipi aTl ( X!y!t) — a(ﬂl aTi(valt )j_i_a(ﬂl aTi(X,y,t)] , (6)
at ox X oy oy
2) TpaHUYHI YMOBH:
Ha rpanumi ¢a3 (x=0,y=h) ymosu I poay
5 TR0V ROV 10,y =T,0,y.0)
OX OX : (7)
ALY _ o dT(x.h1)
= ;T (X, h,t) =T,(x, h,t);
A = A T ST () =T, ()
3) moYaTKOB1 YMOBH:
. . IN(x01) . (10)
L0Y0 =T T,(xy.0=T,; (8 oy
4) piBHSHHS pyXy QpOHTY TeTIa! 7) ymoBH agiabaTudHOCTI niepea (HPOHTOM
X =s, -t tera (x = x. + 0):
5) temmepatypa pyxomoi rpanuti I pomy OT (X +0,y,,t) 0. (12)
(pponT ropinns) npu hy=y;: OX
T(x, yu,t) =T;; 9) Ilpu po3paxyHKy TEMIIEpATYpHOTO TOJISI

mporiecy TEIUIOOOMIHY BChOTO MIAPy CHUCTEMHU

6 OBU CHMETpii Temrepa oro 1o
) YMOBIH CHMETpIT TEMIIEpATYPHOTO NOJIA piBasiab (1)—(11) BukmO4arOThCs piBHAHHS (8)—

BIJTHOCHO OCl X

© O. O. Oxnmyk, 2021
DOI: 10.24025/2306-4412.1.2021.222804

157



ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

(9) 1 momaroThCA TPAaHWYHI YMOBH MEPIIOTO POIY
Ha TOpPLEBIii MOBepxHi mapy mpu x = |
aT(xt) _  8%T(xt),
e Mg

Tu(h, y, 1) = Ta(h, y, 0). (12)

V (6)—~(10) mo3naueno: 7T; — Temmeparypa
nporecy Ternooominy, 73, 7, — Temneparypa Ha
MOYaTKy TPOIeCYy Ta B KIHII BiAMNOBIIHO;
Ci, pi, Ai — TnUTOMa TEIUIOEMHICTh, TYCTHHA
1 KoeilieHT TerIoNnpoBiaHOCTI; hj — XapakTepHi
po3mipu 3paska; | — iHaeKc cuctemu: t — wdac;
X, — TeKy4Ya KOOpJHMHATa MPOLECY TEI00OMiHY;
o, — xoedimient teroBianaui; 7, To — Temmepa-
Typa Tila Ta CEpPEIOBWINA  BiJIMOBIIHO;
S, — MIBUJKICTbH TETJIOOOMiHY.

Bu3HayaeMo MOYaTKOBY TeMIepaTypy 4e-
pe3 IPOTHO3YBaHHSI OCHOBHOI TeMIlepaTypH, sika
0a3yeThCs Ha OCHOBI MOJENi HamiBOE3MEKHOTO
Tina. BUKOpHCTOBYEMO 3aMiCTh PiBHSHHS TEILIO-
npoBigHocTi (1) cmpomieHe OAHOBUMIipHE piB-
HSIHHS TETIONPOBITHOCTI

aT(xt) _  8%°T(xt)
e Y05
Jie @¢ — Koe(illieHT TEIUIOBIAIayi.

[HTEHCHBHICTB TEMJIOBOTO MOTOKY abo0 TH-
TOMHH TEIUIOBUH TOTIK ( (TyCTHHA TEIJIOBOTO
MOTOKY) — IIe TIOTYKHICTh TETIOBOI 1CKpH, MO~
JieHa Ha TUIOILy MOBepxHi QpoHTY 3paska, TOOTO
KUTBKICTh TEIJIOTH, fKa MPOXOMUTh | M° rmommi
MOBEPXHI 32 ONWHHUIIIO YaCy.

BukopucToBylour MOYaTKOBUH dYac iHIIli-
IOBaHHS Ta IOYaTKOBY TEeMIEparypy, po3paxo-
BYIOTh TEIJIOBHH TTOTIK.

TemoBuil MOTIK MPOMOPIIHHUI TpalieHTy
temneparypu (3akoH @yp’e) [11]:

(13)

= —AM. (14)
OX
[ToyaTkoBi yMOBH:
0<x<oo,t>0 T(x, 0)=T. (15)
Kpaiiosi ymoBu: ,
_2 6Ta(;c,t) = q,° gix,t) = (16)

Ckopucraemocsi neperBopeHHsiM Jlamaca.

TpanchopMaHTy TO3HAYAEMO THIIBAOK « T »:
% —>'F(x, s) —T(x,0),

OCKUIBKH
T(x, 0) =T;, To

a—T—fF(x,s)—Ti,
ot
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o T 8°T(x,5)
%
oX ox?
Ie X — TeKy4ya KoopauWHaTa (PpOHTY TOpIHHS;
or — Koe(iIieHT TerioBigmadi, S — MIBHIKICTH
MOIIUpPEeHHsT (QPOHTY ropiHHs, T; — TeMIeparypa
IHIIIFOBaHHS.
Taxkum YHHOM,
T'(x,t)—piBHIHHS B TpaHCPOpMaHTaX:
92T (x,5) _sT(xs) _ Ti

TOM1

’

OTPUMYEMO

0x ay ap (17)
XapakTepUCTUYHE PIBHAHHS:
xz—i=0,x=i\/E (18)
[24)) ao
YacTuHHUN pO3B’SI30K:
=L a2hr 2T o)
ao - [247) - N vir T N
IToBHU# pO3B’SI30K:
S S
T=C1€ \/;+C2€ \/;‘l‘% (20)

3 yMOBH 00OMEKEeHOCTI T TpU X —> 00 BH-
mwBae, mo C, = 0. KpaiioBa ymoBa B TpaHcdo-
PpMaHTax Ma€ BUTJIAL:

82T (x,t) _ 9
ax =g A (21)
67‘ — - ix S
a_ = — Nle ago :—Cl\/;—)
x=0 x=0
90 /a
Cl = O\/?
A:52
_ ojag — as_o_x T;
Q T 2-53/2 e + ? (22)

OTxe, moyaTKOBa TEMIeparypa:

— e21—=%
T(x,t) =Ti+/1q—0ﬁ(— 2 aot)+

x2
21/a0 te-sapt  (23)

BBakarouu cTanor iHTEHCHBHICThH TEIUIO-
BOTO TIOTOKY ¢’ Ta MPHUITYCKAIOYH, IO TOYaTKO-
Ba Temrieparypa 1j— crana (7; = const), po3momaia
TEMIIepaTypH MOXHA BUPA3HTH TaK:
2q o(agt )

T X
T(X, t) T, = Texp (?Of -

q ox x

3 erfc(Z\/—a?) (24)

TakvM YUHOM, PO3TISTHYTO OCECHMETPHY-

Hy TPaHWYHY 3a]la4y HECTalliOHAPHOTO Terio00-

MiHy JBOBHUMIpHOI MOAaedl Ha cTalii CHUHTE3Y

3 PyXOM TEILUIOOOMIHY Y3[0BXK OCi CUMETpIl M-
JHAPUYHOTO 3pa3Ka.
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OoroBopennss pesyabTatiB. IlpuBenena
MaTeMaTHYHa MOJEINb MPOLECY IOCIHiIKyBaJlach
YHCENBbHO 13 3aCTOCYBaHHSIM METOJy KiHIIEBUX
pi3HHI Ta TporpaMHoro 3abde3neueHHss ANSYS
[14, 15].

TakyuM 4MHOM, Ha PHCYHKY 2 300pa)KeHO
TPUBUMIpPHY MOJEIh TEIUIOOOMIHY y HHIIHAPI
B HECTAIlIOHAPHOMY pexumi [5].

BuKOpHCTOBYIOUH PO3PaxyHKOBY MPOCTO-
POBY CiTKy, SiIka € HEpiBHOMIpHOIO, 3 He(iKcoBa-
HOIO KUTBKICTIO BY31TiB, 3a0e3meuyBaioch 3Ty-
IIeHHS BY3JB CiTKH B 00xacti PppoHTY 1 y Mipy
3MiHI TeMIepaTypu 3pa3ka BimOyBaloch Hapo-
IIyBaHHS 3pa3ka 3 OOKy peareHTiB i BiJICIKaHHA
BimasieHoi Bix PpoHTY yacTuHU MpoayKTiB. CiT-
Ka BUKOpDHUCTaHa 4yepe3 HACKPI3HUH MEpeTHH MO
niaMeTpy.

Temneparypa THOHMHN TIEPETBOPEHHS TeTl-
J000MiHY 3HAXOIUTHCA B TIepepisi, NepHeHIUKY-
JMSIPHOMY OC1 IWJIIHApA, SIKUM MPOXOIUTH Yepe3
TOUYKY 3 MaKCHMAJIBHOIO TEMIIEpaTyporo, Mpuyo-
My, YAM BHINa TeMIlepaTrypa, THM CBITJiIIa
IITPUXOBKA 00JIACTI.

Pucynok 2 — Tenio00MiHHUH peRIM IS
HUJTiHIPUYHOT 3ar0TOBKH 3 HeCTAlliOHAPHUM
PEKUMOM B aiadaTHYHUX YMOBaxX
A, =0,0529, T4=0,1087, a4 = 0,86 Ry = 58

BukoprcToByt04YH piBHSHHS TEIIONPOBIJ-
HocTi (1), a Takox TpaHrYHi yMOBH (3), BU3HAYA-
€MO CEepeNHIO TIoNepevHy TeMIIepaTypy IIiHApa
MIPH TETUIOOOMIHI:
1 Ro 27
0t =—5 j I@(X,gz), z2,t)dedr.  (25)
Ry 00
BukopucToBYIOUM pIBHSHHS TEIUIONPOBIJI-
HocTti (1) Ta piBHSHHS KiHETHKH (2), OTPUMYEMO
3HAUEHHS CePeHbOT MIBUAKOCTI TOIIUPEHHS TPH-
BUMIpHOTO (DPOHTY B3JOBXK HWIIHIPA JJISl HECTa-
LIOHAPHOTO PEXXUMY B a/liabaTHIHMX YMOBax

5o ﬂm{{jn(x,g), 2,7)dV —j\{jn(x.q), z,70)dV »

(26)
ae 7, ,T, — 4ac Io4YaTKy i KiHIg [IpoLecy Ha Iie-
BHOMY Mepiozli po3paxyHKy, V — 00’eM mutinapa.
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Sk mapameTpu BUKOPHCTOBYBAJH 0 1 Ro.
[MapameTp o, BU3HaYCHUH y POOOTI, XapaKkTepu-
3y€ CTYIHB BifaneHHs BiJ 00aacTi, B sIKil 1J10-
CKH cTamioHaApHUH (PPOHT € HECTIHKIM.

ayw=9,1T4 - 2,5Ar < 1. (27)

I'panuts, o po3aiise CTiHK 1 HECTIHKI o1
HOMIpHI PEXUMH, BU3HAYAE€THCSI yMOBOIO 0t = 1.

[MapameTp R, moka3sye, HaCKiIbKK pajiyc
UWIiHApa OUTBIINN XapaKTepUCTUYHOI BEIMYUHU
30HHM PeaKiii.

Ha pucynky 3 300paxxeHO 3alexHICTh Ry
BiJl XapaKTEepPUCTHYHOI BENMYMHHU 30HU peakiii
G/Td s ABOX PeXHMMIB CTYICHS BiJIaICHHS Bij
o0racTi oy, € BHIHO, MO CTYIIHB BigaJeHHSI
Bix oOmacTi ag = 1 OUTbIIUi TIpW OLTBITMX 3HA-
yeHHIX Ry.

G/Td 1,4

1,2 -
. D 1
0,8 +—
06 ————
0,4
0,2
0 — T

== ast=1

ast<1

RO

Pucynok 3 — 3anexnicTs pagiyca R
Bi/l XapaKTepUCTHYHOI BeJINYMHU
3ouu peakuii G/Td

BucHoBku. TakuM 4YMHOM, OIKMCAaHO Me-
XaHI3M TETUIOOOMIHHOTO PyXy JJIsl HeCTalioHap-
HOTO PEXHUMY B a/11a0aTHYHUX YMOBaX.

BuKOpHCTOBYIOUHM PiBHSHHS TEIJIONPOBIJI-
HOCTI Ta pIBHSHHS KIHETUKHA 3 II0YaTKOBUMHU
1 TPAHUYHUMH YMOBaMH, BHU3HAYEHO CEPEAHIO
HIBUJIKICTH MOIIUPEHHS (POHTY B3AOBXK LWIIH]I-
pa JUIs HECTAIiOHAPHOTO PEXUMY B aJliabaTHIHUX
YMOBAX Ta CEpeHIO IONEPEYHY TEMIIEPATypy.

Po3B’s13aH0 ocecUMETpUYHY TpaHUYHY 3a-
Jlady HECTaI[iOHApPHOTO TerIo0OMiHy 3 PyXOoM
(GpoHTY Temia y3/10BXK 0Ci CUMETpii MWITiHApa.

Hocnimxeno, mo mnpu OinbiioMy paniyci
LIBUAKICTh TEIIIOO0MiHY HE3HAYHO 3MEHILYETHCSL.

OTxe, BUKOPUCTAHHS TMPOIECY iX TEIuIo-
OoOMiHy y XIMIiYHIH TEXHOJIOTii TPHUBOJUTH [0
BHUCHOBKY PO T€, IO HUHI BOHM MArOTh 3HayHi
MEPCIEKTHBH.
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OPTIMIZATION OF TEMPERATURE AND SPEED CALCULATION
FOR HEAT EXCHANGE PROCESSES IN ADIABATIC CONDITIONS

The article shows a model of heat exchange for a cylindrical workpiece with a non-stationary
regime in adiabatic conditions. The average velocity of propagation of three-dimensional heat ex-
change front along the cylinder and the average transverse temperature for this mode are determined
through the equations of thermal conductivity and the equation of kinetics. In addition, the influence of
the cylinder radius on the heat transfer rate is determined, It has been shown that the average trans-
verse temperature of the cylinder during heat transfer is determined using the equations of thermal
conductivity and boundary conditions. Also using the equation of kinetics, we obtain the value of the
average velocity of propagation of the three-dimensional front along the cylinder for nonstationary
mode in adiabatic conditions. It is investigated through the R, parameter, which shows how much the
radius of the cylinder is larger than the characteristic value of the reaction zone, that with increasing
the radius, the heat transfer rate decreases slightly. The dependence of R, on the characteristic value
of the reaction zone G / Td for two modes of the degree of distance from the region is graphically
shown. Using the equations of thermal conductivity and the equations of kinetics with initial and
boundary conditions, the average velocity of propagation of the front along the cylinder for the non-
stationary regime in adiabatic conditions and the average transverse temperature are determined.

The axisymmetric boundary value problem of nonstationary heat exchange with the motion of
the heat front along the axis of symmetry of the cylinder is solved. The given mathematical model of
heat exchange process has been investigated using the finite difference method and ANSYS software. It
is shown that the temperature of the heat transfer transformation depth is in the section, perpendicular
to the axis of the cylinder, which passes through the point with the maximum temperature, and the
higher the temperature, the lighter the shading of the area.

Keywords: heat transfer, cylindrical workpiece, mathematical model, temperature, thermal
processes, finite difference method, ANSYS.
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