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AHHoTanusa. Akmya/abHocmb., Pa6oTa J0OBIX CUCTEM OTOIJIEHHs O0OYC/0BJI€eHA B3aMMOCBSI3bI0 MHOXKECTBA Pas/IMYHbIX
dusnyecKrx nporeccos. B nocienHee BpeMs /i OTONJIEHUS NOMelleHUH 3Ha4UTeIbHOr0 06'beMa BCe yallle Npe/IaraeTcs
HCI0JIb30BaTh CUCTEMBI OTOIJIEHUS HA OCHOBE Ta30BbIX MHPPAKPACHBIX U3J/IyyaTeseld pasJIMdYHON KOHCTPYKIUHU. [Tof06HbIE
CHCTeMbl HauboJiee aKTyaJbHbl JJ1s1 GOJIBIIMX NPOMBILIEHHBIX NOMEIeHUH, TaK KaK OHU CIIOCOGHBI CO3/1aBaTh 6J1aronpu-
SITHBbIE YC/I0BUS KU3HEJEeATENbHOCTH U TPY/ia B JIOKAJbHON pabouyel 30He 6e3 cepbe3HbIX 3aTPaT Ha 060rpeB OCTAJbHOM
4yacTu nomelneHus. [Ipy NpoeKTUPOBAHUU C0XHBIX CUCTEM Ba)KHBIM (GaKTOPOM SIBJISETCS MCIOJb30BaHHUE MPOCTHIX COOT-
HOILEHUH /JIs OLleHKU TeHJeHLUH cpeJHUX BeJIMUMH NTapaMeTPOB, HAallpaBJeHHbIX Ha AOCTHXKeHNe He06X0AUMOr0 pe3yJib-
TaTa. [losiBasieTCss HEO6XOAUMOCTD 3a/JaHHUs OCHOBHBIX 6e3pa3MepHbIX KpUTEPHUEB, ONpee/IsAoLINX B paMKaX TEOPHUH NTOA0-
OHs TOT WIK UHOU npouecc. IJeas: dopMyMpoBaHHUe OCHOBHBIX COOTHOLIEHUH U 6e3pa3sMePHbIX KPUTEPUEB /ISl aHAJIUTHU-
4YeCKOM MH)XeHepHO! OLleHKH OCpeJHEHHBIX 110 06'beMy NTOMeIleHUsl TeMIIepaTyphl U AUHAMUKHU ee U3MeHeHUs] P OTOILIe-
HUH [TOMeILeHHUs] CUCTEMOM Ha OCHOBe ra30BbIX MHOPAKpaCHbIX U3/ydaTesed. 066eKm: cucTeMa OTOIJIEHHS C UCII0/Ib30Ba-
HHeM ra3oBoro MHGpakKpacHoro usay4yartess. Memodsl: MaTeMaTUieCKOe MOJieJIMPOBaHUe NpoBeJieHO B paMKkax 0D mare-
MaTH4YeCKOH NMocTaHOBKU. Pe3ys1bmamul. Ha ocHoBe 0D-nozaxoza ¢opMy/IMpyoTCsi OCHOBHBIE COOTHOLIEHUS] U 6e3pa3mep-
Hble KPUTEPHUH JJ1s1 aHAJIUTHYECKON OIleHKH TeMIepaTyphbl U AUHAMUKHU ee U3MEHEHHs IPH OTOIJIEHUH [TOMeIleHUs CUCTe-
MOU Ha OCHOBe ra3oBoro HH}pakpacHoro ussydaTess. [[pUBoJATCS pe3ybTaThbl pacyeToB MO MOJIy4YeHHBIM COOTHOILEHUSIM
B CpaBHEHUM C pe3ysJbTaTaMH pacyeToB no noJsHod 0D-mozmenu, koTopble BepudumupoBaHbl Ha pe3yibTaTax 2D-
MO/IeJIMPOBAHUS U 3KCIIepUMeHTAJbHbIX U3MEPEHHUSX.

KioueBble c/I0Ba: MaTeMaTHYeCKOe MOJIeJIMPOBaHMe, TEIJIOBOM PEXHM, ra30Bbld MHQpPAKpaCHBIH H3/y4YaTesb, 00bEKT
TenJIOCHa0XKeHUs, TenioMaccoobMeH, MoAudUIHpoBaHHOE YucI0 buo
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Abstract. Relevance. The operation of any heating systems is determined by the interrelationship of many physical process-
es. Recently, for heating large premises, it has been increasingly proposed to use heating systems based on gas infrared heat-
ers of various designs. Such systems are most relevant for large industrial premises, as they are capable of creating favorable
living and working conditions in a local work area without significant costs for heating the rest of the premise. When design-
ing complex systems, an important factor is the use of simple relationships to assess the trends of average values of parame-
ters aimed at achieving the desired result. There is a need to set the main dimensionless criteria that determine a particular
process within the framework of similarity theory. Aim. To state the basic relationships and dimensionless criteria for analyt-
ical engineering assessment of the average temperature over the volume of a premise and the dynamics of its change during
heating the premise by a system based on the gas infrared heaters. Objects. Heating system with gas infrared heaters. Meth-
ods. Mathematical modeling was carried out within the framework of a 0D mathematical formulation. Results. The authors
have stated the main relationships and dimensionless criteria for the analytical assessment of temperature and the dynamics
of its change during heating of the premise by a system based on a gas infrared heater on the basis of the approach averaged
over the entire volume of the premise. The results of calculations according to the obtained relationships are presented in
comparison with the results of calculations according to the full 0D model, which are verified on the results of 2D modeling
and experimental measurements.

Keywords: mathematical modeling, thermal regime, gas infrared heater, heat supply object, heat and mass transfer, modified
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BBeaeHue

[Ipomecc co3mannsi WHKEHEPHBIX CHCTEM COIIPO-
BOXIIAeTCsI TPEOOBAHUSAMHU TOCTHXKCHHS BBICOKOH 3(-
(GEKTUBHOCTH WX pabOTHI MO COOTHOIICHUIO MEKIY
MOJY4YaeMbIMH PE3yJIbTaTaMH U MMOHECCHHBIMH 3aTpa-
TaMH C YYeTOM HaWMEHBIIETO BO3MOXKHOTO Bpena
okpyxaromieil cpene [1-4]. B mocnennee Bpems ans
OTOIUICHUSI TIOMEUICHUH 3HAYMTEIHHOrO0 oObheMa Bce
qamie TpemIaraeTcsi UCIoIb30BaTh CHCTEMBI OTOILIE-
HUSl Ha OCHOBE ra30BBIX MH(paKpacHBIX H3ITydaTeneit
(FUN) [5-8]. [Tocnennue o0Naga0T MPEUMYILIECTBAMH
OBICTPOTO CO37aHUS KOM(OPTHBIX TEMIIEPaTyp s
KHU3HEICATSIIFHOCTH YelIOBEKa B Pa0OvMX JIOKATHHBIX
30HaxX 0e3 Cephe3HbIX 3aTpaT Ha 0OOTrpeB OCTaJIbHOMH
gactn mnomertenus [9, 10]. TlogoOHBIE cHCTEMBI
HanboJee aKTyal bHBI ISl MPOMBIIIICHHBIX TTOMEIIe-
Huit [11-15]. TloMmumMoO 3TOTO, CHUCTEMBI ITyYHUCTOTO
OTOIUICHUSI Ha OCHOBE Ta30BBIX MH(PAKPACHBIX W3IY-
yaTejael MOXXHO HCIOJIB30BaTh Il 000TpeBa paboymnx
30H Ha OTKPBITOM Bo3xyxe [16]. s oneHku Gopmu-
pOBaHHsI TaKuX KOM(OPTHBIX pabodnX 30H MpHBJICKA-
IOTCSl KaK DKCIePHMEHTANbHBIE [7], Tak U CIOXKHBIC
yucieHnele uccinenoanus [17-20]. Ognako npu mpo-
€KTUPOBAHUH JIFOOOM CHUCTEMBI, paboTa KOTOpOH 00y-
CJIaBJIMBACTCS MHOTMMH B3aUMOBJIHSIOMIAME TIPOIIEC-
caMH, BaKEH IEPBEIH IIar ¢ UCTIOIB30BAHUEM TTPOCTHIX
COOTHOIICHHUH, OIICHUBAIOMIMX (MOXET OBITh HE TaK
TOYHO) OCHOBHBIC TEHACHIIMA H3MEHCHHS CPEIHUX
BEJIMYHH T1apaMeTPOB, HAIIPABICHHBIX HA TOCTIKCHUE
HeoOXoauMoro pesynbTara. llosBisieTcs HeoOXomu-
MOCTh 3aJaHHsl OCHOBHBIX Oe3pa3MEpHBIX KPHUTEPHEB,
OTIPENEIIIONMNX B paMKaX TEOPUH MOAOOWS TOT WU
uHoi mporiecc. Tak, yucino buo (Bi) u uncino dypne
(Fo) HeoOXoauMBbl 17 aHAM3a Ipolecca HecTaluo-

HApHOTO HArpeBa 00BEKTa MPHU HAJTUYHH B HEM TOJIBKO
mpolecca TeIIONPOBOAHOCTH C HAJMYMEM Terioo0-
MeHa C OKpyKatoleit cpenoii [17].

MaTtemaTu4yeckasi MOJeJ/ib

PaccmarpuBaeMsblil mpoliecc HarpeBa NOMELIEHUS
cuctemoit Ha ocHoBe ['MIU ¢ yderom pabotaromieii cu-
CTEMBI BO3AyX000MEHa HAMHOTO CIIOJKHEE IpoIiecca
HECTAIIMOHAPHOW  TEIUIONMPOBOJHOCTH  Onaroaaps
OOJBIIEMY KOJHYECTBY IIPOIECCOB, OMPEACISIONTIX
pacrpocTpaHeHHe TEIUIOTH U (POPMUPYIOIIUX TeMIIe-
patypsoe noxne. Mcnons3yercs noaxoxn B 0D marema-
THyeckoil moctaHoBke [18]. O003HAYUM MOIIHOCTH
terosbiaeneans MU, myuucteni KIIJI w momro ot
JYYUCTOTO TIOTOKA, WAYIIETO HAa HArpeB BO3AYIIHOMN
Mmacchl [17], cooTBeTCTBEHHO, Q, 7R, 72

HcnonszyeM HIKHHA HHICKC «J» Uil 00O03Haye-
HUSl TIapaMeTpOB, OTHOCSIIMUXCS K Macce BO3yXa,
«S» — ISl Macchl OrPaXJAIOLUIMX KOHCTPYKLMHA (Iod,
MOTOJIOK, CTeHbl). Bepxuuit uHmekc «V» o3Havaer,
TEIUIOEMKOCTh OTIpEIeIIseTCs M0 BceMy 00beMy BO3/Y-
Xa WM OTPaKIAIOIIUX KOHCTPYKIIMIA:

C;/ :(CN)Q’ C;/ = (Cp‘/)sl C\/en :CQG\/en’

rae C, o, V, Gyen — COOTBETCTBEHHO, Y/CIbHAS TETIIOEM-
KOCTh (I[)K‘Kl“_l'K_l), IJIOTHOCTh (KT‘M_S), 00beM (M3),
MACCOBBIM pacxoJ] CUCTEMBI BO3yX000MeHa (Kr/c).

TernsoBble MOTOKH, MOCTYIAOMIHE HEMOCPEICTBEH-
HO oT ' k BO3AyXy M OTrpaskaroliuM KOHCTPYKIU-
SIM, OIPEHEISIOTCS, COOTBETCTBEHHO, CIICAYIOIIIMU
COOTHOIIICHUSMH:

Qg =(1_ nR)Q_" nRUzQ’ Qz =(1_ UZ)URQ
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Cumraercsi, 4YTO0 KOI(PUIMEHTH TEIIOOTHAYH
MEX/y BO3JYXOM BHYTPH IIOMEIIEHUS M Orpa)Jaro-
OIMMH KOHCTPYKLUSAMM PaBHbI Og=a=CONSt, Brm 2K
1 a KO3 (UIIMEHT TEIUIOOTIAYH MEXKAY OTPasKIaro-
IUMH  KOHCTPYKIMSIMH H  OKpY)Karoliel cpemoi
aa=ka=const, Brm 2K Ilonaraercs, 4To MOBEpX-
HOCTH TEIUIOOOMEHa OTpaKTAIOIINX KOHCTPYKIUH
BHyTpH (Fs) m cHapyxu (Foy) TOMeEIeHUS paBHBI:
Fs=F.=F, M. O603HAUNM: ®d=aF, Br-K'. B pamKax
CHETaHHBIX OMYIICHUI CHCTeMa, OIMCaHHast B paborte
[19], mns ompedencHUs OCPEAHEHHBIX TEMIEpaTyp
Bo31yxa (1, °C), orpaxnaromux KoHcTpykimii (ts, °C)
C ydeToM TeMIieparypsl BHe momemeHus (toy, °C) B
TepMHHAX TieperpeBa (O=t—y,y) 3amMchIBaeTCs CIeIy-
FOIITUM 00pa3oM:

dée
ng_:=Qg —(®+Cy,)0, + O

do,
i =Q,+®-0,—(1+k)®6,.

CS

HaxoxxaeHue pemieHus U opMUpOBaHHEe OCHOB-
HbIX KpUTEpHUEB Ipouecca

Cuntaercs, UTO HaYaJbHbIE TEMIIEPATYpPhl BO3IyXa
U CTEH OJIUHAKOBBI U Gyo= Oso=bh.

[Ipn OGeckoHedyHOM Tpollecce HarpeBa HACTyMaeT
CTAllMOHAPHBIA PEXKHUM, KOTOPBIA XapaKTEepU3YyeTCA
CJIEIYIOIMMH COOTHOLIEHUAMHU ISl MaKCHMAalbHbIX
3HaYeHui G, *, 95*:

0=Q,-(®+Cy,) b, +@-6;
0=Q,+®-6,—(1+k)- -6,

* *
Hanee uckmouaercss 65 u onpejensercs 6y, a uc-
* *
KItOUMB G, , onipenensiercs 6

o 1 (1+k)Q, +Q,

@ k+(1+k)%,
()

S

9:

1 Q9+QS'[1+C£”]
e :

k+(1+ k)%

1)

Ilonar: aCTCs, YTO PECHICHUE V1A TEMIIEPATYP UMCECT BU!:
0, =0y +(0, - 6;)-exp(—p, - 7),
0, =6, + (0, 6;)-exp(-u, - 7).

)

KosdduuuenTs! g U ys UMEIOT CMBICI OOPaTHBIX
BEJIMYMH MAacIITa0OB BPEMEHH U, COOTBETCTBEHHO,

o0beMa raza U OrpakAarolMX KOHCTpyKuuil. Mx 3Ha-
YEHMs HaXONATCS IPU PELICHUM CUCTEMBl YPaBHEHUI
npu =0 ¢, Korjga 3KCIIOHEHTHl MMEIOT 3HA4YEHUs €Iu-
HUIBL

~(6,-6;) 11,-Cy =Q, ~(®+C,)- 0, + ®-6,;
~(6,-6)-1,-C,=Q+ @6, —(1+k)- ®-8,
3

_i.Qg _CVen'go

e, T a-6

g

Q. —k-®@-0,
‘9:_00 .

_1
sy
(4)

[IpeoOpazyem Boipakenus (3), (4) ¢ yuerom (1) u
JIOTIOJTHUTEILHBIX 0003HAUCHH:
\ alL ar

—=L,—— =Bi-Fo, gzﬁg
F A L )

ng :Qg _CVen '90’ QSO :Qs _q)'00'
()

®dusnvecknid cMbICT Oe3pa3MepHON BETUYHHBI & —
COOTHOIICHNE MEXIY TEIUIOOOMEHOM CHCTEMBI U TeTl-
JIONIOTEPSAMH B OKpYyXarIyto cpeny; Qsg — TemoBon
MOTOK B HAYAJIBHBII MOMEHT BPEMCHH, U3MCHSIOIIUN
TEMIIEPaTypy OTPaKTAIOUINX KOHCTPYKLIHUI C ydeToM
TEeIUI00OMEHa C BO3LyXoM HoMemeHus, BT, a Qg —
CYMMapHBbIl TETUIOBOM TMOTOK B HauyaldbHBIH MOMEHT
BPEMEHHU, HU3MEHAIONIMN TeMIepaTrypy Bo3ayxa, BT.
HanHoe BbipaskeHue Ui Qgo yUUTHIBAET TO, YTO H3-3a
6s0=6yo TemnonoTepu BO3LyXa B OTPa’kKAarOLIUE KOH-
CTPYKLMHU OTCYTCTBYIOT. YUMTBIBAs 3TO LigT 3aIIMChIBA-
€TCsl CIeYIOIINM 00pa3oM:

.k+(1+k)§'
1+k+%

g0

Uy T=BI Fo :Bi;‘Fog.

9 9

Crnenyst BeILICTIpUBEIeHHOW Jorrke (5), 0003Hauas
TEIJIOBOM MOTOK B HAaYaJIbHbII MOMEHT BPEMEHH, U3-
MEHSIONIUKA TeMIepaTypy OrpaKAaloIIUX KOHCTPYK-
IUHA C YYEeTOM TeIIoo0MeHa C OKpYXKaroleh cpeaoi
Kak QkSOZQS—k(D 6h, OKOHYATEHHO TIOTY4HM:

o k+(1+k "
M, - T =Bl -M-Fos = Bi, - Fo..
14 g4 o
+E+
QsO
[IpuBenem (2) k 6e3pasmMepHOMY BUIY:
e - Hg - gg T _ e—Bi;-Fog
¢g,- o,
0 = Hs - 9;: —e 4T = e—Bi:-FoS )
*0,-6

(6)
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B JAaHHBIX COOTHOIICHUAX HUCIIOJIB3YHOTCA MOI[I/I(i)I/I—

HUPOBAHHBIC YHCJIa buo JUIA MAacChl BO3AyXa IOMEIIC-

. F o

HUSA B1g U JJI1 MacChl OrpaKJarollMX KOHCTPYKIIUHU
. *
Bi; .

AHaJ/Iu3 NOJIy4eHHOTO peleHust

AHanms mporecca TerIonepeHoca IMPOBOAUTCS VIS
MOMEILEHHsI ¢ cUCTeMOH BozayxoobmeHa u I'MU, na-
paMeTpbl KOTOPBIX COOTBETCTBYIOT HCHOJIB3YEMBIM B
pabotax [10 —12, 17-19]. IlomenieHne uMeeT pa3me-
pBI: MKUpUHAXUIMHAXBEICOTa=5x10%4,4 M (V=220 M,
V=248 M3, F=232 Mz). Orpaxaronme KOHCTPYKITHH
— TIOJI, TIOTOJIOK M CTEHBI — MMEIOT OJMHAKOBYIO TOJ-
muHy 0,1 M, H3TOTOBIICHBI M3 OJTHOTO M TOTO K€ MaTe-
puasia (0eTOH) ¢ TEIUIOGU3NIECKHMHU IIapaMeTpaMH,
MPeICTaBICHHEIMA B Ta0I. 1.

Ta6auya 1. Tensogusuueckue  ceolicmea
ozpaxcoarouux KOHcmpykyuil

mamepuasios

Table 1. Thermophysical properties of building enclosing
structures
Matepuan [lnoTHOCTB, KT M3 TensnoeMkocTb, [lx kr-1 K-1
Material Density, kg m-3 Heat capacity, ] kg1 K1
Beron 2500 880
Concrete

OrncanHbie BBIIE XapPAKTEPUCTUKH TOCTYIIIICHUE
temwnotsl oT I'MU, nyuuctsiit KIIJI, MaccoBblil TOTOK
CHUCTEMBI BO3JIyXOOOMEHa W HCIIOJIb3YIOIINECS B pac-
YyeTax HadaJdbHBIE 3HAYCHHSI TEMIEPATyp BO3AyXa M
OTPKIAMIINX KOHCTPYKLMH MOJIAaraloTcd pPaBHBIMU,
cootBeTcTBeHHO: Q=5 kBT, 7g=0,57, G\x=0,01 kr/c,
to=tou=tyen=10 °C. 3Hauenme Ko3(h(HUIMEHTa KOHBEK-
TUBHOW TEIUIOOTIAYU JJI1 BHYTPEHHUX MOBEPXHOCTEU
MIOMEUIEHHs I0JIaraeTCsi PaBHBIM 0g=3,0 Brm K,
YTO COOTBETCTBYET €r0 CPEJHEMY IO BPEMEHU 3Haue-
HUIO JUTsl TIPOIlecca MpOrpeBa, PACCMOTPEHHOTO B pa-
6ote [19]. Jlns BHENIHMX MOBEPXHOCTEW MoJaraerTcs
oou=10 BT-M’Z-K’l, TO €CTh apaMeTp, TTOKA3BIBAIOIITHI
pasIU4ne 0g U Ooy, NONaraercs paBHbBIM K=3,3. Jlns
BO3/IyXa UCTIIOJB3YIOTCS TETNTOPU3NICSCKUE TTapaMeTpPhI,
MpeICTaBICHHbIE B Ta0. 2.

Ta6auya 2. Tennogusuueckue cgoticmea o3dyxa

Table 2. Thermophysical properties of air

Pg, KT M3 cpg, Mok kr-1 K-1 Ag, BT K-1 m-1
kg m-3 ] kg1 K-! W K-1m-1,
1,244 1010 0,026

st cpaBHUTENBHOTO aHalu3a AWHAMHUKU OCpE.l-
HEHHOW TeMIIEpaTypsl BO BPEMEHHU HCIIOJIb30BAIUCH
PE3YyNbTaThl, MOATBEPKACHHBIC TECPMOIIApHbBIMU HU3ME-
penusiMu U pesyibTatamu 2D-monenupoBanus [18].

Kak moka3pIBaeT aHAIHM3 MONYYCHHBIX MaKCHMAllb-
HBIX 3HAYEHWH OCPEITHCHHBIX M0 00BEMY TTOMEIICHHUS
TEMIEpaTyp rasa ty 1 orpakIaromyMx KOHCTPYKUHH i,
Ha WX 3HAa4YeHHE CYIIECTBEHHOE BIHUSIHHE OKAa3bIBAET
J0Jsl PajuallMOHHOTO TEIUIOBOTO IOTOKA, HIYILIEro
HETOCPE/ICTBEHHO B a3 7g.

3nauenus ty, t; HesHauurenbHo (<2,5 °C) ommm-
YaroTCcs OT 3HAa4eHui ty, ts, IOCKONBKy A1 ompenene-
HUS B T€X U JPYTUX HUCHONB3YeTCS] MPAaKTHIECKH COB-
najaromye OallaHCHBIE COOTHOIICHHS IJISI TEIUIOBBIX
MOTOKOB. PasHWIla BHYTPH COOTBETCTBYIOIIUX Iap
TeMIepaTyp (tg*, ty) u (&, t;) BO3HMKaeT BciencTBHE
TOrO, YTO NpH omnpeaenenuu ty, ts ucrnonb3yercs nepe-
MEHHOE, 3aBUCAILEE OT BeIM4YMHBI abs(ty;—t;) 3HaueHne
KO3(Q(UIIMEHTa TEIIIOOTAAYN (g ¥ HEOONBIIOE Pa3/IH-
yue MEXIy BHYTPEHHEH W HAPYKHOW MOBEPXHOCTSIMU
TeruiooOMeHa. [IpoBeieHHbIE OIEHKH JUIA Pa3TUYHBIX
TeOMETPHII MOMEIICHUS MOATBEPXKIAIOT IS OAMHAKO-
BBIX BEJMYUH 4y COOTHOIIEHW: max|ty —tg<2,5 °C u
max|t, —t/<2,5 °C.

t,°C
1
20
-
-
-
18 _,.—”
3 _-
-
16 -
-
-
14 2
12 4
10
0 02 04 06 08 g
Puc. 1. CmayuoHapHble (Makcuma/abHble) 3HaYeHusl ocped-
HEeHHbIX N0 06BeMy noMeweHuUs: memnepamyp 2asd
ty u ozpadxcdarowux KoHcmpykyuti ts om doau padu-
ayuUoHHO20 Men/108020 NOMOKaA, udywezo Henocpeod-
cmeeHHO0 8 2a3 Ng: 1 -ty 2 —ts; 3 -ty 4 - &5 tg ts —
memnepamypbl, nosy4eHHvle 8 pe3dy/bmame Yuc-
JIEHHO20 peuleHusl cucmeMbl ypasHeHUll 8 coomeem-
cmeuu ¢ pabomotl [18]; tg", ts* — memnepamypul, no-
JIy4eHHble 8 coomaemcmauu ¢ coomHoweHusimu (1)
Fig. 1. Stationary (maximum) values of the averaged

temperatures of the gas ty and enclosing structures ts
over the volume of the premise from the share of the
radiative heat flow going directly into the gas ng:
1 -ty 2 -ty 3-1t54-t" ty ts - temperatures
obtained as a result of the numerical solution of the
system of equations in accordance with work [18];
ty, ts" — temperatures obtained in accordance with
relations (1)

Ha ypoBHM mocTuraembIX CTallMOHApHBIX (MaKCH-
MaJbHBIX) 3HAUYEHUM TemIeparyp, Kak M CJel0Bajo
OKUJIaTh, CKa3bIBAIOTCS BEIMYMHA TETIOBOTO MOTOKA Q,
BEJIMYMHBI, OMPEIEISAIOIINE €r0 paclpeesieHHe MEXITY
BO3yXOM H OIPaXJAIOIIUMHU KOHCTPYKIUIMHE (7R H 7]),
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XapaKTEePUCTHKH TEIJIOBBIX MOTEPh TerutooTaadet (P) u
(kd®), a Takxe B KpaiiHe HE3HAYUTEILHONW MEpE TEILIO-
BBIMH ITOTEPSIMH 32 cueT Bo3ayxooomeHa (Cyen).

Ha puc. 2 mpencraBieHsl pe3yiabTaThl pacdyera u3-
MEHEHHUS BO BPEMEHH OCPEIHEHHBIX 110 00heMaM TeM-
neparyp rasa ty M OrpakIaroIluX KOHCTPYKIMH ts Ha
Ha4yaJIbHOM II€pHOZE HAarpeBa IMOMEIEHHs. 3HaUUTeNb-
Has TeIUIoBasi WHEPUUOHHOCTh BCJIEJACTBUE CyIlle-
CTBEHHBIX MAacChl U YIEIbHOM TEIJIOEMKOCTH OIpak-
JAIONIMX KOHCTPYKLMH CKa3blBaeTCs Ha HE3HAYUTEIb-
HOM U3MEHEHHH TEeMIIepaTyphl MOTOJKA, [0JIa U CTEH
(ts). Cepbe3Hble H3MEHEHHUS BO BPEMEHH MIPETEPIICBAIOT
TeMiepaTypsl Bo3ayxa (t;). Ilpu aToMm BeiencrBue 3a-
BHCHMOCTH OT Temnepatyp ty u ts kooddunuenra ren-
JIOOTJa4M Oy M3MEHEHHE ty; IMPOXOIUT 3HAYMTETHEHO
0oJee MEIJIEHHO, YeM IIPU IIOCTOSIHHOM dg Y tgo.

1°C

4
1 2

100 T, MUH

0 20 40 60 80

Puc. 2. /JluHamuka usMeHeHUs1 80 8peMeHU OCPedHEHHbBIX NO
obveMam memnepamyp 2asa tg u ozpaxcoarujux
KOHCmpyKyull ts HA HA4a/AbHOM nepuode Hazpesda
nomeweHusi: 1 — tg; 2 - tsi; 3 - tgz; 4 - tsz; tgz; ts1 —
memnepamypul, NnoJydeHHvle 8 pe3yJibmame 4uc-
JIEHHO20 UHMe2pupos8aHusi cucmembvl ypasHeHUl 8
coomeemcmesuu ¢ pabomoii [19]; tgz, tsz — memne-
pamypul, nosyHeHHble 8 COOMBemMcmauu ¢ COOMHO-
weHusMu (3)
Dynamics of changes in time of the volume-averaged
gas temperatures tg and enclosing structures ts during
the initial period of premise heating: 1 - tg; 2 - ts1; 3 -
tyz; 4 - tsz; ty1; ts1 — temperatures obtained as a result
of numerical integration of the system of equations in
accordance with work [19]; tg, t2 - temperatures
obtained in accordance with relations (3)

Fig. 2.
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Puc. 3. /[luHamuka usMeHeHUs1 80 8peMeHU OCPeJHEHHbBIX NO
o06veMam memnepamyp 2asa ty u ozpaxcoarujux
KoHcmpykyutl ts. 1 - tg; 2 - ts1; 3 — tgz; 4 — tsz, tga, ts1 -
memnepamypubl, NnoJydeHHvle 8 pe3yJibmame 4uc-
JIEHHO20 UHMe2pupos8aHusi cucmembvl ypasHeHUl 8
coomeemcmasuu ¢ pabomoli [19], tgz ts2 - memne-

pamypbul, nosy4eHHble 8 COOMeemcmauu ¢ COOMHO-
weHusimu (3)

Dynamics of changes in the volume-averaged
temperatures of gas t; and enclosing structures ts
over time. 1 - tg; 2 - ts1; 3 — tgz; 4 — tsz, tg1, ts1 -
temperatures obtained as a result of numerical
integration of the system of equations in accordance
with [19], tg2 ts2 - temperatures obtained in
accordance with relations (3)

Fig. 3.

B nanpneiimem (puc. 3) mpH NpakTHYECKH HEH3-
MEHHOM 3HaueHuH 1l HaOmomaeTca MeIEHHOE
cTpemieHue ts;, ty U ts; K CBOMM CTalMOHAPHBIM (MaK-
CHMaJbHBIM) 3HAYCHUSIM.

JlorapumMupoBaHUEeM U3 COOTHOIIEHUH (6) u3BIe-
KAIOTCS 3HAYCHWS BPEMEHH JIOCTHXKCHHS 3a[aHHOH
temnepatypsl (0). O6o3naunm 6 = -6 . Ha puc. 4
MIPEICTaBICHB PAacUYeTHHIC 3HAYCHUS BPEMEH IIOCTH-

KeHust -(99* (tgp)m p Oy (z4p)-

1, (B-6-6) 1. (p6-6)

t,=—In|————=|, r.,,=—1In |-
v Hy L 6’0 - 6’g J i H L 6’O - 05 J (7)
T, MUH
1000 /J
100 =] -
L] J
10 ——
1 "
I ——
—

0,1
01 02 03 04 05 06 07 08 09 p

Puc. 4. Bpemsi docmudiceHuss memnepamypul -0". 1 — Tgg;

2-Tsp
Fig. 4. Time required to reach temperature -60". 1 - tg4p
2 - Tsp
ConocraBumoe pacuetamu mno [19] u 2D-

MOJICIUPOBAHUEM BpEMS JIOCTIIKEHHE TeMIIepaTypoi
YCIIOBHH OJM3KUX K CTAIIMOHAPHOMY PEKHMY COOTBET-
ctByeT ycnmoBusaM: 0,999<4<0,9999, npakThyecku He
3aBHMCHT OT #g, HO CYIIECTBEHHBIM 00pa30M ONpe/es-
€TCS MOIIHOCTBIO TEIUIOBBIX MCTOYHHKOB 110 OTHOIIIE-
HHIO K TEOMETPHUYECKUM pa3MepaM 00bheKTa aHaIN3a.

3ak/iloueHue

B pesynabTare MpOBEACHHBIX HCCIEIOBaHUN cop-
mynupoBaHHas cuctema 0D moaxoma x MoaenupoBa-
HUIO TpoIlecca HarpeBa MOMENICHHUs] CUCTEMON Ha OcC-
HoBe [ I B COOTBETCTBHU C MPUHATHIMU JTOMYILICHU-
sIMH ObLJTa CKOPPEKTHPOBAHA 710 BHJIA, KOTOPBIH MO3BO-
JISI€T TONYYHUTh HKCIIOHEHIMAIbHbIE BPEMEHHBIE 3aBH-
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CUMOCTH Uil Oe3pa3MepHBIX Temrepatyp (6) Bo3ayxa
MOMEIIEHNUST W OrPAXKIAIONINX KOHCTPYKIMU (Ioja,
MOTOJIKA U CTEH). B momydYeHHBIX BPEMEHHBIX 3aBH-
CHUMOCTEH UMEET aHAJIOTHIO C PEIICHUEM JJIsl 3a/1a4H O
HECTAI[MOHAPHOHM TEIIONPOBOAHOCTH. B ominmume ot
KOTOPBIX B ITOJMYYEHHBIX BPEMEHHBIX 3aBHCUMOCTSX (6)
HCTIONB3YIOTCS. MOAN(HUIIPOBaHHBIE uncia buo, ompe-
NENSAIONIAE HE TOJNBKO MPOLECC TEIUIONPOBOTHOCTH
BHYTpU Tela, HO ¥ CIIOKHBIE IIPOIIECCHI, BIHIONINE Ha
TEIUIONIEPEHOC: KOHBEKTUBHEBIM IEPEHOC, TCHEPUPYIO-
IIMHACS CUCTEMOU BO3JyXO00MEHa, pa3JeliCHHE TEILIO-
Boro notoka ot MU (Q) Ha My4YHCTHIA TETUIOBOH TIO-
TOK U TEIIJIOBOW MOTOK, MPUXOSIINA B BO3AYX B BHJIE

SHTAJBIUU TPOAYKTOB cropanus. [Ipum momenupoBa-
HUM YYUTBHIBACTCS JOJS OT JYYUCTOrO TOTOKA, HITyIIe-
T'0 IPaKTHYECKH Cpa3y Ha HarpeB BO3MYIIHOW MacCHl, a
HE T[IONAJAfoNIero Ha IOBEPXHOCTH OTpaXkIaroIinX
KOHCTpYyKIMi [18].

CpaBHeHHE pe3ylIbTaTOB PacdeTOB IO COOTHOIIE-
HUsM (6) ¥ Metoauke [18] mokas3pIBaeT yIOBIETBOPH-
TEJILHOE COTJIACHE.

[lomy4yeHHBIC COOTHOIIEHUSI IO OLEHKE MAaKCH-
MaJbHBIX 3HAUYEHHWI OcpenHEeHHBIX Temrmepatyp (1) u
BPEMEHH ITOCTIDKEHHS KBAa3HCTAIMOHAPHOTO PEXHMa
(7) MO’XXKHO PEeKOMEHIOBATh JUIS NPUMEHEHHS B IIpaK-
THKE MPOSKTHPOBAHMS Ha HAYAJIFHOM dTarre.

CITMCOK JIMTEPATYPbI

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Energy-saving solution in the heating system of buildings / N. Kobelev, S. Emelyanov, V. Kretova, A. Morzhavin, V. Amelin,
V. Kobelev // Procedia Engineering. — 2015. — Vol. 117. — P. 186-190.

Jezierski W., Sadowska B., Pawtowski K. Impact of changes in the required thermal insulation of building envelope on energy
demand, heating costs, emissions, and temperature in buildings // Energies. — 2021. — Vol. 14. — Iss. 1. — Article number
14010056.

Shen P., Wang Z., Ji Y. Exploring potential for residential energy saving in New York using developed lightweight prototypical
building models based on survey data in the past decades // Sustainable Cities and Society. — 2021. — Vol. 66. — Article number
102659.

Gourlis G., Kovacic I. Building information modelling for analysis of energy efficient industrial buildings — a case study //
Renewable and Sustainable Energy Reviews. — 2017. — Vol. 68. — Pt. 2. — P. 953-963.

OKCIEepUMEHTaIbHOE HCCIEJOBAaHWE CHCTEMBI OTOIUICHHS C HHOpakpacHeIMH wm3dydarensmu /  B.B.  Byxmmpos,
10.C. ConnpmmikoBa, M.B. IlpopoxoBa, H. H. Bonorckux // BectHuk BaHOBCKOTO TOCYZapCTBEHHOTO 3HEPreTUYECKOTO
yuausepcutera. — 2011. — Ne 3. — C. 12-16.

CwmbikoB A.A. TemnoBol peXuM HapyKHBIX OTPaKAIOIIUX KOHCTPYKIMH B 3[aHUSX C TyYHCTHIMH CHCTEMaMH OTOIUICHHS Ha
6aze nHdppakpacHbIX u3nydareneit / Hayka. MpICIb: 3J€KTpOHHBIH epuoandeckuii xypraair. — 2017. — Ne 5. — C. 5-8.

AHanm3 NpeuMyLIecTB CHCTEM O0eCTieueHus! TeIUIOBOTO PeXXNMa JIOKAIBHBIX pabounX 30H Ha OCHOBE Ia30BBIX MH(paKpacHBIX
H3JTy4aTtenell o CPaBHEHUIO C TPaJUIMOHHBIMA KOHBEKTUBHBIMHU cucteMamu ortoruienust / B.M. Makcumos, T.A. HaropHoga,
H.M. Kypunenko, 11.B. Bomnomko // U3Bectnss TOMCKOrO MONUTEXHUYECKOTO YHHBEPCHTETa. VH)XKMHHUPUHT TE€OPECYpcoB. —
2021. - T.332. —Ne 9. - C. 128-141.

Hesaraki A., Huda N. A comparative review on the application of radiant low-temperature heating and high-temperature cooling
for energy, thermal comfort, indoor air quality, design and control // Sustainable Energy Technologies and Assessments. —
2022. - Vol. 49. — Article number 101661.

[NoBsimenne ko3((UIHEHTA TONE3HOTO NEHCTBUS TyIHCTON CHCTEMBI OTOIUICHUS C IPHMEHEHHEM B KaueCTBE OTOMHTEIBHBIX
pUOOPOB «CBETIBIX» Ta3oBbIX HH(ppakpacHblx m3nmydarened / H.M. Kypunenko, M.H. Yexapnosckuii, JI.}O. Muxaiinosa,
A.H. Epmonaes // UnxenepHusiii BectHuk JJona. — 2015. — T. 38. — Ne 4. — C. 73-82.

Huxonaes H.A., 3uranmma b.M. D¢ddextuBHOCTh cucTeM MH(PPAKPACHOTO OTOIUIEHHS B IPOMBIIUICHHOCTH U DHEpreTHKe //
Tpyasr Axagemanepro. — 2006. — Ne 3. — C. 38-48.

Xob6oroB E.A. CoseprieHCTBOBaHWE, ONTHMH3AIMS W IIOBBIIICHWE HAIEKHOCTH CHCTEM OTOIUIEHHS IPOMBIIIIEHHOTO
npeanpusTast // JJHA HayKu CTYJSHTOB BIQAUMHPCKOTO TOCYJapCTBEHHOTO YHHBEPCHUTETa HMEHHU AlekcaHapa [ puropbesnda u
Huxonas I'puropseBuda CroneToBsix: COOpHHK MaTepHaIOB HAyYHO-NIPAKTHUECKUX KOH(epeHIwid. — Bragummp, 18 mapra —
05 ampens 2019. — Baagumup: Bal'Y, 2019 — C. 856-860.

ApremuueBa A.H., Cemuxosa E.H., MonepHu3auus cucteMsl OTOIUICHHS CKJIafa ToToBoi nponaykuuu B Hiknem Hosropone.
CpaBHUTENbHBIN aHaMn3 3((GEKTUBHOCTH KOHBEKTHBHOW M JIYYHCTOH CHCTEM OTOIUICHUs // MeXIyHapOAHBII CTyIeHYECKHI
Hay4HbIi BecTHUK. — 2016. — Ne 2. — C. 138-138.

Tpudonor A.IlL., Tapacosa E.B., CaBenkoBa ®.11. OTomieHrne npoMbIIUIeHHbIX moMenieHnid. KotenbHoe 06opynoBaHue U ero
9KOJIOTHYHOCTH // MoJofeXs U CHCTeMHasl MoJiepHU3anust cTpansl. COOpPHHUK HaydHBIX cTaTed 5-if MexayHapomHO# HaydHOH
KOH()EPEeHIIMN CTYJACHTOB M MOJOABIX ydeHbIXx — Kypck, 19-20 mas 2020. — Kypck: HOro-3anmagneni rocynapcTBEHHBIH
yauBepcutet, 2020. — C. 379-382.

Enhancing energetic and economic efficiency of heating coal mines by infrared heaters / O. Voznyak, N. Spodyniuk, O. Savchenko,
I. Sukholova, M. Kasynets // Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. — 2021. — Ne 2. — P. 104-109.

Dudkiewicz E., Szatanski P. Overview of exhaust gas heat recovery technologies for radiant heating systems in large halls //
Thermal Science and Engineering Progress. — 2018. — Vol. 18. DOI: https://doi.org/10.1016/j.tsep.2020.100522
Cucremsl OTOIUICHHSA U oborpesa C ra3oBbIMU uH(ppaKpaCHBIMU H3JIyYaTeIIMHu.
https://www.abok.ru/for_spec/articles.php?nid=6445%20 (zata obparuenus 01.10.2024).

Teopus Termmooomena / C.U. Ucaes, U.A. Koxunos, B.I1. Kodanos u np. / nox pen. JleontseBa A.M. — M.: Breicmas IIkomna,
1979. - 462 c.

UncneHHbIH aHAN3 BIUSHAS KOH(GUTYpAIMK CHCTEMBI BO3yX000MeHa Ha TeMIIepaTypHBIH PEKHM JIOKAIBHBIX pabodHX 30H B
MOMEIICHHH C Ta30BbIM HH(pakpacHeiM u3nydateneM / B.B. Bopucos, A.B. Bsrtkun, I'.B. Ky3ueunos, B.M. Makcumos,

URL:

104


https://doi.org/10.1016/j.tsep.2020.100522

W3Bectrst TOMCKOro NOJIUTEXHUYECKOTO YHUBepcHUTeTa. MHXuHUPUHT reopecypcos. 2024. T. 335. Ne 12. C. 99-106
Bopucos B.B. u fp. iH>KeHepHBIM MeTO/, OLleHKH TeMIIepaTyphbl U JUHAMHUKY ee U3MeHEeHHs [TPU OTOIJIEHUH IIOMEIeHHUS ...

T.A. HaropHoBa // M3Bectiss TOMCKOTroO MONHUTEXHHMYECKOTO yHHUBepcuTeTa. VHKHHUPHHT TeopecypcoB. — 2023. — T. 334. —
Ne 3. — C. 7-16. DOI: https://doi.org/10.18799/24131830/2023/3/3962.

19. Ananu3 quana3oHOB MOBBILICHHUS YHEProddeKTUBHOCTH ra3oBoro nHdppakpacHoro msnydarens / b.B. Bopucos, A.B. Bsrkus,
I'.B. Kysunenos, B.J1. MakcumoBs, T.A. HaropaoBa, Canaraes C.O // H3Bectrsi TOMCKOTo MOJUTEXHUYECKOTO YHHUBEPCUTETA.
Wmxuanpunr reopecypcos. — 2023. — T. 334. — Ne 2. — C. 70-80.

20. Analysis of the influence of the gas infrared heater and equipment element relative positions on industrial premises thermal
conditions / B.V. Borisov, A.V. Vyatkin, G.V. Kuznetsov, V.I. Maksimov, T.A. Nagornova // Energies. — 2022. — Vol. 15. —
Article number 8749. DOI: https://doi.org/10.3390/en15228749.

UHopmanusa 06 aBTopax

Bopuc BaagumupoBud Bopucos, fokTop $H3HUKO-MaTeMaTUYeCKUX Hayk, npodeccop HOLl U.H. BytakoBa WNH-
>KeHEepHOM 1IKOJIbl 3HepreTUKU HaluoHa/IbHOTO HCClefoBaTebCKOro TOMCKOr0 MOJMTEXHUYECKOTO YHUBEPCH-
TeTa, Poccusg, 634050, r. Tomck, np. JlenuHa, 30. bvborisov@tpu.ru, https://orcid.org/0000-0002-1172-1431
Anekcangap ButanbeBuuy BaTkuH, acnupanT HOLl U.H. ByrakoBa MHxXeHepHOU 1IKOJIbI 3HepreTuku Hanuo-
HaJIbHOTO HCCJeloBaTeJbCKOoro TOMCKOro MOJIMTEXHHUYEeCKoro yHuBepcuTeTa, Poccus, 634050, r. Tomck,
np. JlenuHa, 30. avv47 @tpu.ru, https://orcid.org/0000-0003-2238-7974

Bsa4yecnaB UBaHoBMY MaKCHMMOB, KaHAUJAT TexHU4YecKUX Hayk, goueHT HOL| U.H. ByrakoBa HHkeHepHOI
LIKOJIbl 3HepreTUKU HanuyoHasbHOTO HccaefoBaTelbCKOro TOMCKOTO MOJIMTEXHUYECKOr0 YHUBepcuTeTa, Poc-
cus, 634050, r. ToMmck, np. JleHuHa, 30. elf@tpu.ru, https://orcid.org/0000-0002-0908-8358

TaTrbsaHa AlekcaHapoBHA HaropHoBa, kaHuJaT TexHU4YeCcKUX Hayk, goueHT HOLl W.H. bytakoBa UHxeHep-
HOM IIKOJIbI 3HepreTUku HalMoHa/bHOTO HUCC/ef0BaTeNbCKOro TOMCKOr0 NOUTEXHUYECKOT0 YHUBEPCUTET],
Poccus, 634050, r. Tomck, np. Jlenuna, 30. tania@tpu.ru

[Toctynuna B pepakyuto: 14.10.2024
[Toctynunaa nocne peneHsupoBanud: 28.10.2024
[IpuHsaTa k ny6mMkauuu: 05.11.2024

REFERENCES

1. Kobelev N., Emelyanov S., Kretova V., Morzhavin A., Amelin V., Kobelev V. Energy-saving Solution in the Heating System of
Buildings. Procedia Engineering, 2015, vol. 117, pp. 186-190.

2. Jezierski W., Sadowska B., Pawtowski K. Impact of changes in the required thermal insulation of building envelope on energy
demand, heating costs, emissions, and temperature in buildings. Energies, 2021, vol. 14, no. 1, Article number 14010056.

3. Shen P., Wang Z., Ji Y. Exploring potential for residential energy saving in New York using developed lightweight prototypical
building models based on survey data in the past decades, Sustainable Cities and Society, 2021, vol. 66, Article number 102659.

4. Gourlis G., Kovacic I. Building information modelling for analysis of energy efficient industrial buildings — a case study.
Renewable and Sustainable Energy Reviews, 2017, vol. 68, P. 2, pp. 953-963.

5. Bukhmirov V.V., Solnyshkova Yu.S., Prorokova M.V., Bolotskih N. N. Experimental research of heating system with infrared
emitters. Vestnik of lvanovo State Power Engineering University, 2011, no. 3, pp. 12-16. (In Russ.)

6. Smykov A.A. Thermal regime of external enclosing constructions in buildings with lumid heating systems based on infrared
radiators. Science. Thought: electronic periodic journal, 2017, no. 5, pp. 5-8. (In Russ.)

7. Maksimov V.I., Nagornova T.A., Kurilenko N.I., Voloshko I.V. Advantage analysis of systems for ensuring local working zones
thermal conditions based on gas infrared emitters in comparison with traditional convective heating systems. Bulletin of the
Tomsk Polytechnic University. Geo Assets Engineering, 2021, vol. 332 no. 9, pp. 128-141. (In Russ.)

8. Hesaraki A., Huda N. A comparative review on the application of radiant low-temperature heating and high-temperature cooling
for energy, thermal comfort, indoor air quality, design and control. Sustainable Energy Technologies and Assessments, 2022,
vol. 49, Article number 101661.

9. Kurilenko N.I., Chekardovskiy M.N., Mikhaylova L.Yu., Ermolaev A.N. Increasing the efficiency of a radiant heating system
using "light" gas infrared heaters as heating devices. Inzhenerny vestnik Dona, 2015, vol. 38, no. 4, pp. 73-82. (In Russ.)

10. Nikolayev N.A., Ziganshin B.M. Efficiency of infrared heating systems in industry and energy. Trudy Academenergo, 2006,
no. 3, pp. 38-48. (In Russ.)

11. Khobotov E.A. Improvement, optimization and increase of reliability of heating systems of industrial enterprise. Days of Science
of Students of Vladimir State University named after Alexander Grigorievich and Nikolai Grigorievich Stoletov. Collection of
Materials of Scientific and Practical Conferences. Vladimir, 18 March — 5 April 2019. Vladimir, VISU Publ., 2019. pp. 856-860.
(In Russ.)

12. Artemicheva A.N., Semikova E.N. Modernization of the heating system of the finished goods warehouse in Nizhny Novgorod.
Comparative analysis of the efficiency of convective and radiant heating systems. International Student Scientific Bulletin, 2016,
no. 2, pp. 138-138. (In Russ)

13. Trifonov A.P., Tarasova E.V., Savenkova F.l. Heating of industrial premises. Boiler equipment and its environmental
friendliness. Youth and systemic modernization of the country. Collection of scientific articles of the 5th International scientific
conference of students and young scientists. Kursk, 19—20 May 2020. Kursk, South-West State University Publ., 2020. pp. 379-382.
(In Russ.)

14. Voznyak O., Spodyniuk N., Savchenko O., Sukholova I., Kasynets M., Enhancing energetic and economic efficiency of heating
coal mines by infrared heaters. Visnyk Natsionalnoho Hirnychoho Universytetu, 2021, no 2, pp. 104-109.

105


https://doi.org/10.18799/24131830/2023/3/3962
https://doi.org/10.3390/en15228749

Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 12. P. 99-106
Borisov B.V. et al. Engineering method of assessing temperature and the dynamics of temperature change in the premise ...

15. Dudkiewicz E., Szatanski P. Overview of exhaust gas heat recovery technologies for radiant heating systems in large halls.
Thermal Science and Engineering Progress, 2018, vol. 18. DOI: https://doi.org/10.1016/j.tsep.2020.100522

16. Heating and heating systems with gas infrared heaters. (In Russ.) available at:
https://www.abok.ru/for_spec/articles.php?nid=6445%20 (accessed 1 October 2024).

17. Isaev S.1., Kozhinov I.A., Kofanov V.I. Heat transfer theory. Moscow, Vysshaya Shkola Publ., 1979. 462 p. (In Russ.)

18. Borisov B.V., Kuznetsov G.V., Maksimov V.l., Nagornova T.A., Vyatkin A.V. Numerical analysis of the influence of the air
exchange system configuration on the temperature regime of local working areas in a room with a gas infrared heater. Bulletin of
the Tomsk Polytechnic University. Geo Assets Engineering, 2023, vol. 334, no. 3, pp. 7-16. (In Russ.) DOI:
https://doi.org/10.18799/24131830/2023/3/3962.

19. Borisov B.V., Vyatkin A.V., Maksimov V.., Nagornova T.A., Salagaev S.0. Analysis of energy efficiency increasingranges for
gas infrared heater. Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2023, vol. 334, no. 2, pp. 70-80.
(In Russ.)

20. Borisov B.V., Vyatkin A.V., Kuznetsov G.V., Maksimov V.l., Nagornova T.A. Analysis of the influence of the gas infrared
heater and equipment element relative positions on industrial premises thermal conditions. Energies, 2022, vol. 15, Article
number 8749. DOI: https://doi.org/10.3390/en15228749.

Information about the authors

Boris V. Borisov, Dr. Sc., Professor, National Research Tomsk Polytechnic University, 30, Lenin avenue, Tomsk,
634050, Russian Federation. bvborisov@tpu.ru, https://orcid.org/0000-0002-1172-1431

Alexander V. Vyatkin, Postgraduate Student, National Research Tomsk Polytechnic University, 30, Lenin ave-
nue, Tomsk, 634050, Russian Federation. avv47 @tpu.ru, https://orcid.org/0000-0003-2238-7974

Vyacheslav 1. Maksimov, Cand. Sc., Associate Professor, National Research Tomsk Polytechnic University, 30,
Lenin avenue, Tomsk, 634050, Russian Federation. elf@tpu.ru, https://orcid.org/0000-0002-0908-8358
Tatiana A. Nagornova, Cand. Sc., Associate Professor, National Research Tomsk Polytechnic University, 30, Len-
in avenue, Tomsk, 634050, Russian Federation. tania@tpu.ru

Received: 14.10.2024

Revised: 28.10.2024
Accepted: 05.11.2024

106


https://doi.org/10.1016/j.tsep.2020.100522
https://www.abok.ru/for_spec/articles.php?nid=6445%20
https://doi.org/10.18799/24131830/2023/3/3962

