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AHAJITUYHUA METOJI PO3B’SI3AHHS AKTYAJIBHUX 3AJIAY TEILIOOBMIHY

B cmammi 3anpononosano amanimuunuii mMemoo po36’SA3aHHA 3A0a4 Meno0OMiHY.
B pobomi  3m00envbosano nodxcexcy 8epmuKkaibHO20 CMALe8020 pe3epeyapy ma  0OUUCIEHO
Meniosuti 6N1U8 axkenia NOIYM’s HA cmaiesy KOJIOHY, AKA PO3MAUO08AHA NOPYY i3 pe3ep8yapoM.
Ilpu yvomy Ha2nA0HO NPOOEMOHCMPOBAHO SAK 6PAXY8AMU NPU PO3PAXYHKAX 3MIHY MeENnio6020
nomoky i3 niuHomM uacy. B pezynomami ob6uucnenv ompumano epaghiumi  3anedcHocmi
memnepamypu Ha NOBEPXHI CMAe80i KOIOHU 8 3aNeHCHOCMI 610 Yacy, AKi 00360/1410Mb NOPIGHAMU
pe3yibmamu 004UCIeHb npu CMAayioOHAPHOMY MEeNni080MYy NOMOYI MAa 3MIHHOMY i3 NJIUHOM 4ac).

Knwuosi cnoea:. mennooomin, mennoguil nomik, pisuanua Cmegana-borvymana,
oupepenyianvre piGHAHHA MENIONPOBIOHOCTI.

Ilocmanoseka npoonemu. B ToXexHIH cHpaBl akTyaJbHUMM € 3a7adl Ha BHU3HAYCHHS
TEIUIOOOMIHY MDK pI3HUMHU 00 ’€KTaMH, CKaXIMO PO3PaxXyHOK TEIUIOBOTO BIUIMBY IMOXEX1 Ha
eJleMeHTH OyiBelsb, KOHCTPYKLIN 4M criopyl. B HaykoBili JiTeparypi 4yacTo 3ycTpivaroThes 3aj1adi,
B SIKMX BU3HAYa€ThCs BIUIMB (pakesa MoayM'st Ha pi3HI 00’ €KTH, HAPUKIIAA HECydYl CTIHU OyAiBii,
TTO JrOaUHU, TpyOompoBoau Tomo [1, 2]. 3medinbumioro po3B's30K IMX 3adad 3BOTUTHCS 10
BHU3HAUEHHS Yacy, 3a SIKUM JOCHIKYBaHUNA 00'€KT HArpieThCs 10 KPUTUYHOI Temmeparypu abo 1o
BHU3HAYEHHS MAKCHMAJIbHOI TeMIepaTypH, 10 SKOI MO)KEe HarpiTucs 00'€KT 3a MEBHUM MPOMIKOK
qacy.

OCKUTbKM TpU TOXEXK1 JIEBOBA YacTKa TEIUIOOOMIHY MK IOJIyM’SIM Ta HaBKOJHILHIM
CEPENIOBUIIIEM TMPUITAIaA€ HAa TPOMEHEBHH TEIJI000MIH, TO B OUIBIIOCTI BUMAJKIB 3a/Jayl Ha
TEIUNIOOOMIH MiXK (DakeIoM MOXKeXi Ta OTOYYIOUMMH 00 €KTaMH 3BOAATHCA /10 BH3HAUCHHS
IHTEHCHUBHOCTI TEIIJIOBOTO BUIIPOMiHIOBaHHS. [Ipy Takux po3paxyHKaX BUKOPHUCTOBYIOTH (HOpPMYITy
Credana-bonbivana [3]:
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npoctopi (10 BpaxoBye KOE(IIEHT /), 1X ONTHUYHI BIACTHBOCTI (IO BPAxOBYE & ) MOXKEMO

3ae

115



«Hao3zeuuanini cumyauii: nonepeoxcennus ma aikeioayia», Tom 5 Ne 1 (2021)

po3paxyBaTH sKa KUIbKICTh TeIlla IOIJIMHATUMEThCA TIIOM 3 MOYaTKOBOIO TeMieparyporo 7, Bin
HosyMm's 3 TeMneparyporo 7, 3a OJHY CEKyHIY.

3 ¢opmynu (1) BMAHO, IO IHTEHCHBHICTh TEIUIOBOTO BUIIPOMIHIOBAaHHS (], , SIBHO HE
3a5exuTh Bij yacy. [Ipore (, ; 3aeKUTh BiJ TeMieparypu Tina 7, sKa B CBOIO YEPry 3aJEKUTh
BiJl 4acy, OCKIJbKHU 3 IUNIMHOM 4acy TeMneparypa Tina 7, Oyze 30uibl1yBaTHCs MiJ BILIUBOM (hakena

MoTyM'st. 3BIJICH TOCTa€ MUTAHHS: SK BU3HAYWTH IHTCHCHBHICTH TEIIJIOBOTO MOTOKY MK TUIaMH
BPaxXOBYIOYH T€, O TemIlepaTypa Tila 7, € HECTalllOHapHOIO (3MIHIOETHCS 3 INIMHOM 4acy)?

Ananiz ocmannix oocnioxcens i nyonikayin. Ha cboroqHimHii AeHb icHye 6arato MeTO/iB
11 pO3B’sI3aHHS TakuX 3a1ad. OJHUM 13 TaKUX METOIB € BUKOPUCTaHHs KOMII IOTEpPHUX MPOrpam
tuny «ANSYS CFX», «SOFIE», «FLOW-3D» Tomo [4]. IIpoTe Bka3aHe nporpaMHe 3a0e3neueHHs
MOKe OYyTH JOPOrOBapTICHUM, IO B CBOIO uYepry poOUTh HOro MalloJOCTYNHUM JyIs OaraTbox
HAYKOBIIIB. MeTO/1, 3apOIIOHOBAaHIIA HAMH, € IIPOCTHM 1 a0COIOTHO JOCTYITHUM KOXKHOMY.

Mema cmammi. BIOCKOHAIUTH aHATITUYHUN METOJ pO3B’sI3aHHS 3aJay TEMJI000MiHY
[UISTXOM ITiIBUIIEHHS TOYHOCTI PE3YJIbTaTiB 00UNCIICHB.

Buxnao ocnoénozo mamepiany. B uoMmy Xk nojusrae cyTb 3alponoHOBaHOro merony? Jlis
MPUKIIAAY PO3TISTHEMO HACTYIIHY 3a7auy.

[Toxxexxa Ha HaTO-XIMIUHOMY HIiANPHEMCTBI. 'OpUTh BepTUKAIBHUNA CTaJIeBUN pe3epByap
(PBC) emmuictio 500 m°, 3amoBHeHuii MasyroM. Ha BimcTami 5 M Bijg pesepByapy 3HAaXOmHTHCS
cTajeBa KOJIOHa JiameTpoM 1M mycroTiia, 3 ToBHIMHOK cTiHKH 20 MM (puc. 1). IlotpiGHO
BU3HAYMTH Yac, 3a KU CTaJeBa KOJIOHA HarpieThes 10 KpuTu4yHOi TeMmepatypu — 550 °C (823 K).
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KOJIOHA

v

5m

Pucynok 1 — Cxematnune 300pa>keHHsI IOKEX1

Jnist po3B'sA3Ky 3a7a4i npuitMemo:

T>=1273 K — temneparypa ¢akesa moJiymM's Ipu TOPiHHI Ma3yTy B pe3epByapax;

71=293 K — noyatkoBa TeMIiieparypa (akena moxym's pu ropiHHi Ma3yTy B pe3epByapax;

& =0,95 — cryninp yopHotH cTani; &, = 0,85 — cTyniHb YOpHOTH (haKesia MOTyM's.

Jis  BU3HAYEHHS IHTEHCHBHOCTI TEIUIOBOTO BWIIPOMIHIOBAaHHS, SIK€ CIpUHMAe KOJIOHa,
ckoprcTaeMoch hopmyitoro (1), 1e KkyroBuii koedirient BunpominroBarus i = 0,35 Ta Bu3HavaeThes 3

rpadiky (puc. 2) [5].
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Pucynok 2 — I'padix 1u1st Bu3HaYeHHS KyTOBOTO KOedilieHTa

Jns Bunanky, mo posrisaaerscst, L=1/r, H=h/r. IlincraBuBim 3HaueHus ¥ y popmyiny (1),
OTPUMAEMO PO3B'A30K, KU MPEACTABICHO TpadivHo Ha pHC. 3.
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Pucynok 3 — a — 3a1eXHICTh IHTEHCUBHOCTI TEIUIOBOTO BUIIPOMIHIOBAaHHS BiJl TEMIIEpaTypu
CTaleBOi KOJOHM;, O — 3aJeKHICTh IHTEHCHBHOCTI TEIUJIOBOTO BHUIPOMIHIOBAHHS BiJ PI3HUII
temriepatyp AT ¢akena moixyMm's Ta MOBEPXHI CTAIEBOI KOJIOHU

Sk BuHO 3 rpadiky 0, IHTEHCUBHICTH TEIUIOBOTO MOTOKY, SKHH ClipuiiMae cTajieBa KOJIOHA —
0, ,, Oyzae 3MeHIIyBaTHCs IPH 3MEHIIEHH] pisHuni Temneparyp A7, Temneparypa dakena nomym's

T, € cralioHapHOI, TOOTO HE3MIHHOIO 3 IUIMHOM 4acy, a TemIeparypa cTanaeBoi KojJoHu 1) €
HECTAllOHAPpHO0. 3 IUIMHOM 4Yacy 7, OyJe 3pocTaTH, OCKUIBKH CTajeBa KOJIOHA HarpiBaTUMEThCS

i BIUTMBOM (pakesa mojaym's. 3TiIHO APYTroro 3aKOHY TEPMOJIWHAMIKH CTajieBa KOJOHA MOXKE
HarpiTucs 10 MaKCUMaJbHOI TeMIIepaTypH, sika He NEPEeBUIITYBAaTHME TEMIIEpaTypy (axena moiaym's
T, . IlpoTe 3arainbHOBiIOMO, IO CTaNIeBI KOHCTPYKIIIT IpU HarpiBaHHi 10 Temneparypu 550 °C (823

K) BTpauaioTh CBOIO HECy4dy 3AaTHICTh. T00TO MakCHMMalbHa TeMIleparypa, 10 SKOI MOXe
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Harpitucs konoHa — 550 °C (823 K), oCKUIbKH HarpiBIIMCh JI0 TAKOi TEMIIEpaTypy KOJIOHA BTPATHTh
HECy4y 3/1aTHICTb.

3HalO4YM KIJIBKICTh TeIJIa, SKy IIOTJIMHAE CTajieBa KOJIOHA MOXXEMO BU3HAYUTH
TEMIIEPATYPHUN PO3MOJILT MO TOBIIUHI CTIHKYA KOJOHHU. [[Jisl 3HaXO0PKEHHS PO3MOJILTY TeMIIepaTypH
10  TOBIIMHI  CTIHKM  KOJOHM  3HAlJAEMO  PO3B’SA30K  JUQEPEHIATBHOTO  PIBHIHHS
TEIIONpPOBiAHOCTI [6]:

2
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3a BupaszoM (5) MpoOBEIEHO PO3PAXyHOK TEMIEPATYPHOTO PO3MOAUTY TO TOBIIHWHI CTIHKH

KoJIoHU. Pe3ynbraTu npeacrasiieHi rpadivyHo Ha puc. 4.
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Pucynok 4 — a — temmneparypHUil pO3MOALT MO HIMPUHI CTIHKK CTaJeBOI KOJOHM B Pi3HI
MIPOMDXKKH 4acy; 0 - TeMIepaTypHUid PO3MOILUT IO ITUPUHI CTIHKH CTAJICBOI KOJIOHW Ha 9-i XBUJIMHI
(540 c) Ta Ha MOMEHT MPOTPiBaHHSA A0 KpUTHUHOI Temmepatypu (550 c)

Sk Bugno 3 Qopmymu (5), T,(r,7) samexuTh BiI IHTEHCHBHOCTI TEILUIOBOTO
BUNPOMIHIOBaHHS, Terodisnunnx napamerpis marepiany (p,C,,A) Ta 4acy — 7, mPOTATOM

SKOTO TETUIOBE BHIIPOMIHIOBAHHS Ji€ Ha KOHCTPYKIi0. [yl HAIIOro BHITAIKy, 3HAIOYH KPUTHYHY
TEeMIIepaTypy MaTepiany, 3 SKOro BHrotoBieHa konoHa — 550 °C (823 K), 3 piBHAHHA (5) MOXHa
BU3HAYUTH 4Yac, 3a SIKMH KOJIOHa HarpieTbcs 10 1€l temmneparypu. PesymbraTé oO4YMCIEHB
npeJcTaBieHi rpadiyHo Ha puc. 5.

900

sod | | LI ,.‘,/
o LA
// 7]
wol L LA L]]

300

T T T T T T T T | T T T
0 50 100 150 200 250 300 350 400 450 500 550 600
5 ¢

Pucynok 5 — 3anexxHicTh TeMneparypy Ha IOBEpPXHi CTaJIeBOT KOJIOHH BiJI 4acy

[Ipu po3paxyHkax BpaxOBYBJIOCh MaKCHMalbHE 3HAYCHHS IHTEHCHBHOCTI TEIUIOBOTO
BHUIIPOMIHIOBaHHS, SIKE CIIPUMMAE CTajeBa KOJOHA, IO BIAMOBIAAE MOYATKOBIA CTafii MOXKeXi. 3
rpadiky BUIHO, 1110 KOJOHA MPOTpieThes A0 KpuTuuHoi Temnepatypu — 550 °C (823 K) 3a 550 c.

[Ipore manmii BapiaHT po3paxyHKy € HETOYHHUM. OCKIIBKM 7 — dYac, MPOTITOM SIKOTO
KOHKPETHE 3HAuyeHHs (], , Ji€ Ha cTajeBy KoJoHY. ToOTo MakcumanbHe 3HayeHHs (], , =42,4

kBm/wm? Gyne nuIle Ha MOYATKOBiH cramii moxexi mpu AT ~1000. 3 mimHOM yacy Temmeparypa
KOJIOHH TIOCTIMHO 301TbITyBaTUMEThCS. OTXKE IHTEHCHBHICTH TEIUIOBOTO BHUIPOMIHIOBAaHHS, SIKE BOHA
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MOTJIMHATIME — TIOCTIMHO 3MeEHITyBaTUMeEThbesa. Dopmyna (5) BpaxoBye Hac, MPOTATOM SKOTO JIi€
cmayionapruti (HE3MIHHUH 3 IUIMHOM 4acy) TEIIOBUM MOTIK — (], ; =CONSt, 1110 Jli€ Ha KOJIOHY.

OdeBuHO, IO /ISl TOKPAIICHHS TOYHOCTI MPH PO3paxyHKaX HEOOXITHO BPaXOBYBATU He
cmayionaprutl (3MIHHUH 3 IUIMHOM 4Yacy) TEIUIOBHH MOTIK — (], ,(T), IO i€ Ha HOBEPXHIO KOJOHH.
[Ipote sk Hioro BpaxyBatu y dopmyii (5)? Jlnst BupitneHHs 1i€i 3a1a4i MPONOHYEMO HACTYITHUH CIOCiO.

Bu3HauMBINM 1HTEHCHBHICTH TEIJIOBOTO TOTOKY, SIKY IOTJIMHAE KOJIOHA HA TOYATKY TOMXKEkKi
(42, 3 xkBm/w?) TpUITyCTHMO, IO TIPOTATOM HEBEMMKOIO IIPOMIKKY dacy, ckaxiMo A7 =10c, Ha
KOJIOHY [iSiB CTalllOHapHUW TEIUIOBUMH MOTIiK. Po3paxyeMo sIK 3MIHUTBCS TEMIIEpaTypHE MOJe
KOJIOHHM 3a IIel IPOMDKOK 4acy (puc. 6).
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Pucynok 6 — 3anexHicTh TeMIiepaTypy Ha IIOBEPXHi CTaJIeBOI KOJIOHH BiJT 4acy

3 pUCyHKY 6 BUIHO, 110 32 10 cekyH TemIiepaTypa Ha 30BHIIIHINA NOBEPXHI KOJIOHHU MIIHAIACh
1o 306,4 K. IlincraBumo neil pesynsrar y dopmyiy (1) 1 po3paxyeMo siK 3MIHUTBCS IHTEHCHUBHICTb
TETJIOBOTO MOTOKY. [HTEHCHBHICTh TEMJIOBOTO MOTOKY 3MEHIIHUTHCS 13 42,3 kBm/m? no 42,28 kBm/w®.
Lle#t pesymprar miactaBumo y ¢dopmyny (5) 3 TuM camuM dYacoBuM mpoMmikkoM A7 =10c¢. Taky
orepawio 3AiIICHIOEMO MOBTOPHO, MOKH HE OTPUMAEMO OakaHMM pe3ynbTaT (IMOKM KOJOHA He
nporpierbes A0 temnepatypu 550 °C (823 K). IlincyMmyBaBIIu KiIbKICTh YACOBUX MPOMDKKIB AT
OTPUMAEMO Yac, 3a SAKUH KOJOHA MPOTPIEThCSA 0 KPUTUUHOI Temriepatypu. Pe3ynbTatu oOuucieHb
npecraBieHi rpagiyHo Ha puc 7.
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Pucynok 7 — 3anexxHICTh TeMIepaTypH Ha MOBEPXHI CTaJIEBOT KOJIOHH BiJl 4acy

IIpu q_ (7)
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Ha pucyHky 7 mpeacTaBIIeHO 3aJISKHICTh TEMIIEpATYPH Ha MOBEPXHI CTAJIEBO1 KOJIOHH BiJl 4acy
IpU CTalliOHAPHOMY Ta 3MIHHOMY 3 IUIMHOM 4Yacy TEIUIOBUM IOTOKOM. SIK BHAHO 3 rpadiky, mpu
HECTAI[IOHAPHOMY TEIUIOBOMY TIIOTOIl TeMIlepaTypa Ha TIOBEpXHI CTalleBOi KOJOHH JOCSTHE
KpUTH4HOTO 3Ha4eHHs 3a 853 ¢ (14 xB 13 ¢), 1m0 B cBOIO 4epry Ha 5 XB 3 ¢ JIOBIIE, HIXK MPH MEPIIOMY
BAapIaHTI PO3PAaXyHKIB, KOIM BPaxOBYyBaBCs CTalllOHApHUM TemwnoBuil mnotik (, ,=const. Cuix

3a3HAYUTH, IO TOYHICTh PO3PaXyHKIB 3aJekuTh Bix A7. UuM MeHme 3HaueHHS A7, TUM
TOYHIINK Oy/ie pe3ynbTaT 1 HaBMaKu. Y HAIIOMY BapiaHTi pPO3paxyHKIB MU 3YIMHHUIIMCS HA 3HAYEH]
A7 =10c¢, OCKUIbKM JaHi OOYMCIICHHS MAalOTh BHKIIOYHO JEMOHCTPATHBHHUN XapakTep 1 He
noTpeOyt0Th BUCOKOT TOYHOCTI.

3anponoHOBaHM CMOCIO pPO3paxyHKy MOXKHa 3acTOCOBYBAaTH 1 JUIS IHINMX 33134
TEIIO00MiHY He OOMEKYIOUHCh 33JaHUMU ITapaMeTPaMu TOKEXKi.

Bucnoeku. B po60Ti 3a1ipornoHOBaHO aHATITUYHUI METO pO3B’s3aHHS 337a4 TEIIOOOMIHY,
SIKUH JI03BOJISIE T IBUIIIUTH TOYHICTh PO3PAXYHKIB.

B mopanpmioMy TaHyeThbCsl OOTPYHTYBATH TOYHICTH JIAHOTO METOJY PO3paxyHKIiB Ta
MOPIBHSITH PE3YJIbTATH OOYHCIICHB 13 EMIIIPUYHUMU TaHUMHU.
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ANALYTICAL METHOD OF SOLVING CURRENT HEAT EXCHANGE
PROBLEMS

In fire safety, the tasks to determine the heat exchange between different objects are
relevant, for example, the calculation of the thermal impact of fire on the elements of buildings or
structures. There are often problems in the scientific literature that determine the effect of a flame
torch on various objects, such as the load-bearing walls of a building, the human body, pipelines,
and so on. In most cases, the solution of these problems is to determine the time for which the object
is heated to a critical temperature or to determine the maximum temperature to which the object
can heat for a certain period of time. The article proposes an analytical method for solving heat
transfer problems. The article simulates the fire of a 500 m? vertical steel tank filled with fuel oil
and calculates the thermal effect of the flame of a torch on a steel column located next to the tank at
a distance of 5 m. According to the results of calculations, the graphical dependences of the heat
flux intensity on the surface temperature of the steel column and the temperature difference between
the surface of the column and the flame torch are derived. The results of heat flux intensity
calculations are substituted into the differential equation of thermal conductivity and the
temperature distribution over the column wall thickness is determined. At the same time, it is
clearly demonstrated how to take into account the change in heat flux over time when calculating.
As a result of calculations it is established that under the action of stationary heat flow the steel
column warms up to critical temperature of 550 °C (823 K) for 550 s, and under the action of heat
flux of alternating over time - for 853 s, which in turn is 5 minutes longer than under action
stationary heat flow. Graphical dependences of the temperature on the surface of the steel column
as a function of time are derived, which allow to compare the results of calculations at steady heat
flux and variable with time.

Also in the article other methods of calculation of similar problems of heat exchange such as
use of the software like "ANSYS CFX", "SOFIE", "FLOW-3D" etc. are considered. Their
advantages and disadvantages are noted.

Key words: heat transfer, heat flux, Stefan-Boltzmann equation, differential equation of
thermal conductivity.
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