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AHHOTanus. AkmyaabHocms. /lns coKpallleHus 3aTpaT Ha OTOMJIeHHe B 60JIbIIMX OMeLeHHUsIX JIOKaJbHble paboure 30Hbl
npejJjaraeTcs o60rpeBaTb CHCTEMaMH Ha OCHOBe ra30BbIX HHPPAKpaCHBIX U3Jy4yaTesel, CHOCOOHbIX HAapaBJasTh pajualu-
OHHBIH TeMJI0BOM NoToK. OJHaKO LIMPOKOe IPUMeHeHHe ra30BbIX MHPAKPACHbIX U3JIyyaTesell TOpPMO3UTCA UMEIOINMHCS
CJI0KHOCTSIMU C IpeiBApUTEbHON OLleHKOH NepeMelleHUs] KOHBeKTUBHO-PaJiMallJMOHHBIX TeIJIOBbIX OTOKOB, OT Yero 3a-
BHUCHUT KOJIMYECTBO U PaCII0JIOXKeHHe OTONUTENbHBIX NPUGOpOB. [IpesiBapuTe/IbHAS OLIEHKA OCJI0XKHAETCS HE06X0JUMOCThIO
B psifie cJiydyaeB oJJHOBpeMeHHbIM 3D-Mo/jelupoBaHNeM MHOXeCTBa QU3NYECKUX NPOLeccoB. [lJis cOKpallleHUs] BpeMeHHbIX
3aTpaT Ha pacyeTbl HEOOXOJMMO OLlEHUTb BO3MOXXHOCTb 3aMeHbl TpyjAoeMkoro 3D-MozennpoBaHusl MeTOJUKOM pacyeTa
CUCTEeMBI OTOIIJIEHUS C IPUMEeHeHHeM ra3oBbIX MHpPaKpaCcHbIX U3ay4yaTesell Ha ocHoBe 2D-noaxoza. IJeaw: foka3aTh, YTO
NpUMeHeHMe IBYXMepHOH Mo/ieJId pacCMaTpUBaeMbIX IPOLECCOB N103BOJISIET NMOJYYUTh OCHOBHbIE XapaKTePUCTUKH TeIJ0-
BOT0 peXXMMa NoMellleHus, Jalolie BO3MOXXHOCTb 3aMeHUTh IPOCTPAHCTBEHHOE Mo/JieJinpoBaHre. 066eKm: crcTeMa OTOI-
JIeHUsl C ra30BbIM MHQpaKpacHbIM M3JydaTesleM «CBETJIOTO» THUMNA U CUCTeMa NPUTOYHO- BBITSXKHOM BEHTUJISLIUM B Kaue-
CTBe CUCTeMbI BO3/lyx006MeHa. Memodbsl: AByXMepHOe U TpexMepHOe MaTeMaTUYeCKoe MoJieJINpOBaHMe NMPOLeccoB CONpsi-
>KeHHOT0 TellJIollepeHoca MeTO,0M KOHEeUHBIX 3/1eMeHTOB. MaTeMaTH4eckoe MOieJINpOBaHKe IPOBO/UIOCH B IPOrpaMMHOM
cpene COMSOL Multiphysics ¢ ucnosnb3oBanuem Mopayseit: «The Heat Transfer in Fluids Interface», «Surface-to-Surface
Radiation» u «The Turbulent Flow, k-¢ Interface». Pe3ys1bmameul. IlprBejeHbl pe3y/ibTaTbl MaTEMaTUYECKOT'0 MO/JIeJINPOBa-
HUsl, BBINIOJIHEHHBIE B TPeXMepPHOMW U JIByXMepHOH NocTaHoBKax. [IpejicTaBaeHo pacnpefesieHue TeMIepaTyp MO BO3AYXY U
OrpaxIaloLMM KOHCTPYKIUSM, a TaKXKe JJMHUY TOKa HarpeBaeMOro ¥ HarpeToro Bosjyxa B 06'beMe nomeleHus. [Iposese-
HO CpaBHeHHUe pe3y/IbTaTOB JBYMEPHOTO0 M TPeXMEpPHOro MOJe/JUpOBaHHUs, N0 pe3yJbTaTaM KOTOPOrO YCTaHOBJIEHO Y/,0-
BJIETBOPUTEJILHOE CXO/ICTBO PACCUUTAHHBIX CPEJHUX TeMIIepaTyphl BO3/yXa B JIOKaJIbHON pabodel 30He. Pa3audue cocra-
BUJIO MeHee 2 °C JJ1d pa3HbIX IPOCTPAHCTBEHHBIX OX0/1aX K MO/eJIMPOBAHMUIO.

KiiodyeBble c10Ba: ra3oBblid MHOPaAKPACHBIA U3J/ydaTesb, 00BEKT TEIIOCHAOKEeHHs], KOHBEKTUBHBIN TENJI000MeH, TeIJIo-
Bbl€e YCJIOBHS, JIOKaJIbHasl pabo4asi 30Ha
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Abstract. Relevance. 1t is proposed to heat local work areas with systems based on gas infrared heaters, capable of directing
radiative heat flow to reduce heating costs in large premises. However, the widespread use of gas infrared heaters is
hampered by the existing difficulties with the preliminary assessment of convective-radiative heat flows movement, on which
the number and location of heating devices depends. The preliminary assessment is complicated by the need in some cases
for 3D modeling of complex physical processes. It is necessary to evaluate the possibility of replacing labor-intensive 3D
modeling with a method for calculating a heating system using gas infrared emitters based on a 2D approach to reduce the
time spent on calculations. Aim. To prove that the use of a two-dimensional model of the processes under consideration
makes it possible to obtain the main characteristics of the thermal regime of the premises, making it possible to replace
spatial modeling. Objects. Heating system with a light-type gas infrared heater and an air exchange system. Methods. Two-
dimensional and three-dimensional mathematical modeling of conjugate heat transfer processes using the finite element
method. Mathematical modeling was carried out in the COMSOL Multiphysics software environment using the modules: “Heat
Transfer Interface in Liquids”, “Radiation between Surfaces” and “Turbulent Flow, k-¢ Interface”. Results. The article presents
the results of mathematical modeling performed in three-dimensional and two-dimensional formulations. The distribution of
temperatures in the air and enclosing structures, as well as the flow lines of heated air and air, which was heating, in the
volume of the premise are presented. The results of two-dimensional and three-dimensional modeling were compared.
Satisfactory similarity of the calculated average air temperatures in the local working area was established based on the
results. The difference was less than 2°C for different spatial modeling approaches.
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BBeseHne st onieHKH pabOTHI CHCTEMBI OTOIUICHUS JIOKAIb-
IloBbimieHne  3HepreTHdeckod  APQPEKTUBHOCTH  HOW pabodyei 30HBI HEOOXOIMMO HCIOIB30BaTh TPEX-
3JaHUH ABJISETCS OJHOM N3 CaMbIX 3HAYMMBIX IIPOOTIEM  MEPHYIO MOJIC/Ib, YYHMTHIBAIOIIYID TCOMETPHIO MPE-
B MPOMBIIIIEHHOM cekTope [1, 2]. OcHOBHas MpUYMHA  CTABICHHOTO TIOMEUICHUS U PACHOJI0KEHHOTO BHYTPHU
HHU3KOH DJHepreTHyeckoil 3(PQEKTUBHOCTH IPOMBINI-  oGopymoBadus. OIHAKO CIOKHOCTH HCIOJIb30BaHMS
JIEHHBIX 3[aHUI CBSI3aHA C HEIOCTAaTOYHOM TEIJIOM30-  TPEXMEPHOM MOJENH CBs3aHa ¢ BRICOKUMH TPeOOBaHU-
JSIMUeR OrpakJaromnX KOHCTPYKIWi. M3-3a OONBIIMX  ssIMH K BBIYMCIIUTEIBGHBIM MOIIHOCTSIM H BPEMEHEM
00bEMOB ITPOMBIIIIEHHBIX MOMENIEHHH Ha UX OTOIUIe-  pacueTaM. Takum 00pa3oM, HEOOXOIUMO YIIPOCTHTH
HHE TpeOyercss OONbIIOe KOMMYECTBO TEIIOTHI [3].  MOjenb, HApUMEp, UCIOIb30BaATh JBYMEPHYIO MTOCTA-
3agacTyto 00ycTpOeHHBIE paboure MecTa B NMPOMBIII-  HOBKY JUIi BO3MOKHOCTH TPOBEICHUS IPEIBAPUTEIIb-
JICHHBIX TIOMEIIEHNAX 3aHUMAIOT MEHBIIYI0 4acTh 00-  HBIX PAaCUCTOB.
uieit wiomamu [4, 51. Ilenp paboThl — J0Ka3aTh, YTO MPHU pacyeTe I0
Haunbonee moxxoasmeld cucteMoil OTOIUICHUS IIsI  JABYXMEPHOW MOJIENH IIOJIyYaroTCsl Pe3yIbTaThl OCHOB-
MPOMBIIUICHHBIX MOMEILIEHUN SBISIETCS HUCIOJIB30BA-  HBIX XaPAKTEPHCTHK TEILUIOBOTO PEKHUMa MOMEIICHHS,
HHUE JIOKAJIbHOW CHCTEMBbl OTOIUIEHMs, B YAaCTHOCTU  yIOBJICTBOPUTEIBHO COTJIACYIONIHECS C Pe3y/IbTaTaMHu,
NPUMEHEHHUE JIyYUCTBIX CUCTEM OTOIUIEHMA [6—8].  MONYYEHHBIMH IIPU TPEXMEPHOM MOJICITHPOBAHUH.
B kadecTBe OCHOBHOTO OOOpPYIOBAaHUS ITyYHCTBHIX CH-
CTEM OTOIUICHHS HCIIONB3YIOTCS Ta30BBIC HHppakpac- YHCIeHHbIE HCC/IeJ0BaHUSA
Heie uznyvarenu (I'UN) [9, 10]. 1 mpoBeieHus MaTEMaTUYECKOTO MOAEIMPOBAHUS
OpfHaKo u3-3a CIOKHBIX (DU3UYECKUX IMPOIECCOB, B TPEXMEPHOH MOCTAHOBKE PACCMOTPEHO MOMEIECHUE
IO CPAaBHEHMIO C TPAIMLMOHHBIMH CHCTEMaMH OTOIN-  M3BECTHHIX pasmepoB L,=10xL,=5xL.=4,4 m. TommuHa
JICHUs, BOSHUKAIOT MPOOJIEMBI C OMPEICICHUEM Tapa-  OrPaXJAOUIUX KOHCTPYKLMH (CTEH, MONa U IHOTOJKA)
METPOB BO3/1yXa B JIOKAJIbHOM paboueii 30He U BO BCeM  JAHHOIO MOMEILEHus NpuHsTa Kak L,,~0,1 M. B pac-
nomMerneHnn. KpoMme Toro, HeoOXOJMMO HaJIWYHe CH-  CMaTPHUBAEMOM ITOMEINEHWM BBIJENICHA JIOKaJIbHAs pa-
CTEMbI BO37yX00OMeHa B IOMEMICHHWH IS YAajdeHuss Oodas 30Ha, B KOTOPOW HAXOIHUTCS TOPU3OHTAIbHAsS
NPOJYKTOB TOPEHHs, BBIACISAIOIUXCS OpH pabore  maHesb (pasMeps! Lx,;=0,6 M, Ly,=1,2 M, Lz4=0,05 m),
I'MU. Cucrema BO3IyXOOOMEHAa MOMKET OKas3plBaTh HUMHUTHpYMOImas obopynoBaHue. IloBepXHOCTh TropH-
JOTIONTHHUTENFHOE BIMSHUE Ha (OPMHUPOBAHWE TEIUIO-  30HTAIBHOM IaHENM pacroiarajgach Ha OCH CHMMET-
BOT'O peXHUMa B JIOKAJIbHOU padoueii 3oHe [11-18]. pun ' na BeicoTe 760 MM oT mnona. Beinenennas
Taxum 00pa3oM, CyIIEeCTByeT HEOOXOAMMOCTh B CO-  JIOKallbHasg pabouast 30Ha oborpeBaercs MU (pazme-
3MaHUKM METOAWKH pacyeTa CHCTEMBI OTOIUICHHMS Ha  pbl Lxgg =0,164 M, Lyg=0,4 M, Lzg=0,1 M), pacmo-
baze TUN. JIOKEHHBIM Ha BbIcOTe 2,975 M. B momemennu Taxxe
pacronoxeHa cucTeMa Bo3ayxoobMeHa. Mectopacrio-

62



HW3BecTust TOMCKOI0o NOJUTEXHUYECKOTO YHUBepcUTeTa. MHIKMHUPUHT reopecypcoB. 2024. T. 335. Ne 3. C. 61-69
Bopucos B.B. u ip. CpaBHUTENbHbBIN aHAIM3 IBYXMEPHOT'O U TPEXMEPHOTO MO/IeJIMPOBAHUS MPOLECCOB TEIMJIONEPEHOCA ...

JIO’)KEHHE AJIEMEHTOB paccMaTpUBaeMOU 00JIACTH COOT-
BETCTBYET Hauboliee TUITMYHOMY BapHaHTy UX pa3Me-
LIEHUA B PEaTbHOM MPOHU3BOJCTBEHHOM MOMEIICHUH,
cxema KOToporo npezcTasiena Ha puc. 1. [Ipu pacuere
BO3JIyX CUWTAETCSl AMATEPMUYHOU CpEeIod, a BCE TIO-
BepXHOCTHU (CTeH, noja, notonka, I M1 u obopynosa-
HUS) — HETPO3pavyHbIMU cepbiMU. OCHOBHBIE XapaKTe-
PUCTHKH MaTEpUAIIOB JJIEMEHTOB (OOBEKTOB) KOH-
CTPYKIIUH MPUBEICHBI B TaOJIHIIE.

Ta6auya. Tensaogusuveckue ceolicmea  mMamepuanos
ozpaxcoarwux KOHCMPYKYull u haHeau, uc-
no/sb3ogaswiuxcst 8 skchepumenmax [19]

Table. Thermophysical properties of building envelope
materials and panels used in experiments [19]
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0

Puc. 1. (Cxema obaacmu pewenus 3adavu: 1 - T'HH, 2 - 2o0-
pU30HMAabHAs naHeab, 3 — 30HA NpuMoKa 803dyxa,
4 - 30Ha ommoka 803dyxa. [[yHKMupHbIMU AUHUAMU
8blde1eHbl paccmampusaeMble CeveHus

Fig. 1. Problem solution area: 1 - gas infrared heater (GIH),

2 - horizontal panel, 3 - air inflow area, 4 - air
outflow area. The sections under consideration are
highlighted with dotted lines
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MareMaTH4ecKkoe MOJCTHPOBAHUE MPOBEACHO B
pamMKax MOJIENH TeIuIonepeHoca, onucanHou B [19, 20].

Matematudeckoe MOJENMPOBaHUE MPOBOAMUIIOCH B
nporpammuoil cpene COMSOL Multiphysics ¢ wuc-
nonb3oBaHueM mMoxayiei: «The Heat Transfer in Fluids
Interface», «Surface-to-Surface Radiation» u «The
Turbulent Flow, k-¢ Interface». Tpexmeproe matema-
THUYECKOE MOJICIIUPOBAHUE TPOILIECCOB COIPSHKEHHOTO
TEIUIONEePEeHOCa — METOJIOM KOHEYHBIX 3JIEMEHTOB AJIS
HMHTETPUPOBaHUs ypaBHEeHUA. [lapameTpsl paguanuoH-
HOT'O TETUIOBOT'O TIOTOKA PACCUMTHIBAIUCH C UCIIOJIB30-
BaHueM Mmoayns «Surface-to-Surface Radiation» s
CEepBIX MMOBEPXHOCTEH C COOTBETCTBYIOIINMH CTCIICHS-
MH YEPHOTHI B paMKaX 30HHOW MOJICNIH C y4ETOM Cpe/i-
HHUX YTJI0BBIX Koadduimentos [19, 20].

[ ypaBHEHMI IBIDKCHHS BO3/IyXa HA TpaHHIAX
paszena cpen «BO3AyX — OrpakIaronIie KOHCTPYKIIUI
3a/1aBajoCch ycJoBHE Npuiumanus. s Monenupoa-
HUSI IPUTOYHOIN BEHTHJISIMU B 0OJIACTH IIPUTOKA BO3-
IyXa 3a/aBaJiCsl €r0 pacxo] ¥ TeMIIepaTypa, a JJIs BbI-
TSOKHOW BEHTUJISIIIMM — MOCTOSIHHOE JIaBJICHUE, PaBHOE
atMoc(epHOoMy. B kauecTBe HaYaIbHOW TeMIIEpaTyphbl
BCceX OOBEKTOB pacueTa MpHHUMAIOCh 3HadeHue 7 °C,
CUMTAIOCh, YTO TMOCTYMAIOUIMH TPUTOYHBIA BO3IYX
obnanmaeT remneparypoit 7 °C.

[Ipu pemenun 3amau B pazueine «Mesh» cpembl
COMSOL Multiphysics mo Bcemy paccMaTpuUBacMOMY
o0beMy 3ajaBajiach MPOTrPAMMHO-IIPEIONPEIeIeHHAs
cetka «Extra coarse» co crymenunem okoio ['MU, ro-
PU3OHTAIBHON TOBEPXHOCTH U CUCTEMbI BEHTWIISILIUU
1o cetku «Normaly.

[TapameTpbl HECTaMOHAPHOTO PEHICHUS 3aJa4d
3amaBamuchk B pazgene «Study» cpeapt COMSOL
Multiphysics. PacdeT npoBoanics Ha KaxIou IecaTor
MHUHYTE PacCcMaTpHBaeMoro BpeMmeHH. Pemenne and-
(hepeHIIMANBHBIX YpaBHEHUH B KaXKIbIH MOMEHT Bpe-
MEHH IpoBoAmIOCs MeTooM BDF.

Jlnis pacuera MocTaBICHHBIX 337a4 HCIOIb30BAJICS
MI€PCOHAIILHBIN KOMIIBIOTED c MIPOLECCOPOM
Intel®Core™ 17-8700KCPU@3.70GHzx12 u omepa-
THUBHOM mamsThio 32 0.

YCTaHOBJIEHO, YTO TPU MCIOJIb30BAaHUHM OJHUX U
TeX K€ BBIYMCIUTEIFHBIX MOITHOCTEH HA pacdeT 3aja-
9H B TPEXMEPHOW ITOCTAHOBKE 3aTPauyrdBACTCS OKOJIO
120 MuHyT, @ Ha pacyeT 3aJa4u B ABYXMEPHON MOCTa-
HOBKE 3aTpauyuBaercs 0kosio 30 MUHYT.

MopenupoBaHue TPEXMEPHBIM TOAXOIOM TO3BOIIS-
€T ONpeeTUTh pactpeaelieHne TeMIepaTyp BO3AyXa u
MOBEpXHOCTEH (puc. 2, @), a TaKKe IBIKCHHUE BO3-
JIyITHBIX Macc B MPOCTPaHCTBE (pHc. 2, 0, 3).

IIpy BHUMATETBLHOM pPACCMOTPEHUHM BEKTOPHOIO
moJisi cKopocTeit (puc. 2, 6) MOXKHO OTMETUTH TEH/ICH-
UM JIOKAJBHBIX U TI00ATBHBIX IUPKYJIIAOHHBIX Te-
YeHNH, OmpeensieMble Ooee HArISAHO TPU aHAIN3e
TuHMHA Toka (puc. 3).
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ala
Puc. 2.

o/b

PacnpedesieHue memnepamyp Ha NOBEPXHOCMSX 02paAXCOarWUX KOHCMPYKYull u 061acme ¢ memnepamypotl 8030yxa

24 °C (a) u sekmopHoe nose dgudxceHus 8o3dyxa 8 paccmampusaemoli obaacmu (6) uepes 60 MuHym pabombsl 2a3080-
20 UHPpakpacHo2o0 Hazpesamens U cucmembol 8030yX000MeHd

Fig. 2.

Temperature distribution on the enclosing structures surfaces and the area with an air temperature of 24 °C (a) and

vector field of air movement in the area under consideration (b) after 60 minutes of gas infrared heater and supply and

exhaust ventilation operation

Jlsudicenue Hazpesaemozo (CUHAA AUHUSL) U HA2pemoz2o (KpacHas AuHusl) eo3dyxa 8 paccmampugaemoll obaacmu Ye-

pe3 60 MuHym pabomsl 2a308020 UHPPAKPACHO20 HA2pesames U cucmemsl 6030yX006MeHA

heater and supply and exhaust ventilation operation

IIpencraBieHHbIC pe3yibTaThl PACUECTHBIX IOJCH
CKOpOCTEH M TeMmepaTyp (pOpMHUPYIOTCS K HauyHMHAIO-
ieMycsi KBa3MCTAallMOHAPHOMY pEXUMY HarpeBa IIO-
MeIeHHs, TpuMepHo uepe3 60 muuyT padorsr ['MU.
B nanpheiinieM, Kak MoKa3bpIBalOT pacyeThl, TOMOJIOTH-
YEeCKH pacyeTHbIE MOl IPAKTUYECKH HE M3MEHSIOTCH,
a u3MeHeHHs (KpaiiHe He3HAYUTEIbHbIE) OTMEUYAIOTCS
TOJIBKO B MEJUIEHHO MOAPACTAIOIIUX 3HAUYCHHUAX TEM-
neparyp. Tak, MakcUMajbHble 3HaYEHHUs TeMIleparyp,
omnpezensieMble IOCIE Hayajla KBa3UCTALMOHAPHOTO
pexXuMa, I3MEHAI0TCS IpuMepHO Ha 14 %.

[Ipu cpaBHEHMM TWHWI TOKA B XapaKTEPHBIX cede-
HUSIX, TOJIYCHHBIX MPH TpeXMepHOM (puc. 4) u JBY-
MEpHBIX aHAJIOraX PacdyeToB (PUC. 5) OTMEUAOTCSI HEKO-
TOpble pa3znuuusd. TpexMepHOe MOIEIUPOBAHUE JAeT
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Movement of cold (blue line) and warm (red line) air in the area under consideration after 60 minutes of gas infrared

Ooiee «IUTaBHBIE» W OOJiee «OIpPEJENICHHBIC» B IMPO-
CTPaHCTBE IUPKYISIMOHHBIC TOTOKH C COXPAHECHHEM
00IIel TeH/ICHIIMU K FeHEepaIii BOCXO/ISIIMX M HUCXO-
JSILIMX TIOTOKOB Bo3/yxa. Haluroqaronyecs pasnudusi B
reOMETPUHN U YUCJIC HUPKYIAIHUOHHBIX Te‘leHHﬁ, ToJry-
4yeHHble B pacuerax npu 3D- u 2D-mMoaenupoBaHUH
OOBSCHSIOTCS OTCYTCTBHEM JOMOIHHUTEIBHOIO HU3MEpe-
HUsl IpU JBYMEPHOM MOJENUpPOBaHUU. B aTOM Cciyuae
TEYCHHE CTAHOBHTCS OOJIEe CTECHEHHBIM U I'€HEpUpYeT
JIOTIOJIHUTEIIbHBIC IUPKYISIIIMOHHBIE CTPYKTYphl. B TO
BpeMs Kak npu 3D-moaxone B palioHe rOpU30HTAIBHON
MaHeId BO3JyX HMMEET BO3MOXKHOCTH MEPEMEIIaThCs
cpa3sy B TpeX IUIOCKOCTsAX (puc. 2, 6, 3), 94TO Crocoo-
cTByeT (OpMHUpPOBaHHIO Oojiee IUIABHBIX U OJJHO3HAY-
HBIX [TOTOKOB B 00JIACTH TOPU30HTAILHOMN MaHEH.
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Puc. 4. Iloss ckopocmetl u auHuu moka 8 ceyeHusx XZ (a) u YZ (a), nosyueHHble 8 pe3y1bmame mpexmepHo20 Modeauposa-
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Fig. 4. Velocity fields and streamlines for XZ section (a) and YZ section (b), obtained as a result of three-dimensional modeling,
after 60 minutes of gas infrared heater and supply and exhaust ventilation operation
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Puc. 5. [loas ckopocmeli u auHuu moka 6 cevenusix XZ (a) u YZ (a), nosyueHHvle 8 pesyabmame 08yXMepHO20 M0OJeauposd-
Husi, Yepe3 60 MUHym pa6omsl 23068020 UHPPAKPACHO20 HAzpedames U cucmeMmbl 8030yX006MeHA

Fig. 5.  Velocity fields and streamlines for XZ section (a) and YZ section (b), obtained as a result of two-dimensional modeling,
after 60 minutes of gas infrared heater and supply and exhaust ventilation operation
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Puc. 6. [loass memnepamyp 8 ceuenusix XZ (a) u YZ (a), nosyueHHvle 8 pe3yibmame mpexmepHo20 M00eauposaHus, yepes 60
MUHym pabomul 24308020 UHPPAKPACHO20 HAZpesames U CucmemMbl 8030yX000MeHa

Fig. 6. Temperature fields for XZ section (a) and YZ section (b), obtained as a result of three-dimensional modeling, after 60
minutes of gas infrared heater and supply and exhaust ventilation operation
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Temperature fields for XZ section (a) and YZ section (b), obtained as a result of two-dimensional modeling, after 60
minutes of gas infrared heater and supply and exhaust ventilation operation
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Pacnpedenenue memnepamypul 8030dyXa Nno CeyeHUuio
nod 2azo8viM UHPPAKPACHLIM HaAzpesameseM (a) Ha
paccmosiHuu 20 cm caesa (6, 8) u cnpasa (2, d) om na-
Heau vepe3 60 MuHym pabomsl 2308020 UHPpaAKpac-
HO20 Hazpesame/ss U cucmembvl 8030yX006MeHA 0151
cayyaes: 1 - mpexmepHo20 M00eaupo8aHusi; 2 — 08y-
MepHo20 ModeaupoeaHusl 8 ocsix XZ; 2 - d8yMepHO20
ModenuposaHus 8 ocsix YZ
Air temperature distribution over the section under the
gas infrared heater (a) at a distance of 20 cm to the left
(b, c) and to the right (d, e) of the panel after
60 minutes of gas infrared heater and supply and
exhaust ventilation operation for cases: 1 - three-
dimensional modeling; 2 - two-dimensional modeling in
XZ axes; 3 - two-dimensional modeling in YZ axes
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OtMeuaeTcsi coryacue B TMOIy9aeMOW TEHICHITUH
(opMHpOBaHHS HUCXOMSIINX XOJOIHBIX M BOCXOIS-
[IMX HArPETHIX IMOTOKOB BO3/yXa, BO3HHUKAIOIIUX TPU
TEINIO0OMEHE ¢ MOBEPXHOCTSAMHU DPa3HBIX TEMIEpaTyp
(XOIOHBIX  OTPAXKIAIONIMX KOHCTPYKIIMA u  OoJjee
HArpeTod TOPU3OHTAIBPHON IIaHENH). 3HAYUTEIHLHOE
coryiacue HaOII0AaeTCsl Kak B HOMHHAIBHBIX 3HAUCHH-
X, TAK U B TPAIUEHTAaX CKOPOCTEH.

OtmedeHHoe cornacue pesynbratoB 3D- u 2D-
pacyeToB MOl CKOPOCTEH COMPOBOMXKAAETCS COTIIACH-
eM u moneil Temmneparyp (puc. 6, 7). IlomydeHnsle
TEMIIepaTypHbIC IIOJI1 NPEICTABICHBI B TUAla30HE
Temmepatyp ot 6 g0 24 °C nns OGosee HarJIIHOW fe-
MOHCTpallUM HarpeBa OONbIIEro oO0beMa OTaIUIUBac-
MOT'O ITOMCLICHHA. PeSyJ'H)TaTI)I, MpCACTaBJICHHBIC Ha
AHATM3UPYEMBIX PUCYHKAX, CBUICTCILCTBYIOT 00 yIO-
BJICTBOPUTCIIBHOM COIJIaCUM TCMIICPATYPHBIX nonef/i,
nosrydeHHbIX npu 3D- u 2D-MoxaenupoBanuu. Y osie-
TBOPHUTEIBHOE COTTIACHE TPEXMEPHBIX M TBYXMEPHBIX
pacyeToB AEMOHCTPHPYIOT U PACIIPEICICHIS TeMIIepa-
TYp 110 BBICOTE B XapaKTEPHBIX 30HAX — HA PACCTOSHUU
0,2 M co BceX CTOPOH OT TOPWU3OHTAILHOW MaHEIH
(puc. 8). MIMeHHO B 3TOW 30HE TpEAIONaraeTcss pas-
MellleHHe paboTaIOIINX B TIOMEIICHUH COTPYIHHKOB.

AHanmm3 MOJyYeHHBIX paclpeseIeHni MOKa3bIBaeT,
9TO TeMIepaTypa B pabouei 30HE B CpeHEM HE OTIH-
yaercs O6osee ueM Ha 2 °C mpH pasHbIX MOAXOJaX MO-
nenupoBanus. Takum 00pa3oM, MOKHO CHEIATh BBIBOI
0 TOM, YTO paccMaTpUBaEMBbIC MOACTH UMEIOT YIOBIIE-
TBOPUTEJIBHYIO CXOJUMOCTh PE3YJIbTATOB U MOTYT
OBITh TIPUMEHEHBI I pacdyeroB. JlaHHOE cormacue
MOJIy4EHO C y4ETOM MPUMEHEHHUSI MacIITaOHOTO KO3 (-
¢unmenrta cornacust ky,=[,/L,, Ha KoTOpbId Tpu 2D-

CITMCOK JIMTEPATYPBI

MOJICTTMPOBAHUH YMHOAIOTCSI TUIOTHOCTH TETUIOBBIX
MMOTOKOB HAa TIOBEPXHOCTAX OrPAaHUYEHHBIX Pa3MEpPOB
M0 HANpaBJICHUIO 71, HOPMAJIBHOMY K paccMaTpuBae-
MBIM TUIOCKOCTSIM. B maHHOM cooTHomenuu [, — pas-
Mep IUIOCKOCTH TeIJI000MeHa B HANpaBJICHUH 7, a L, —
pasMep MOMENIeHUs B HallpaBiIeHUH 7 (ITUPUHA TIOME-
meHus: 5 M 11 X7, II0CKOCTH WK JJIMHA MOMEIIESHUS
10 M st YZ COOTBETCTBEHHO).

Jannpiii MacmtaOHBId KO3((GUIMEHT MpeIHa3Ha-
YeH COorjacoBaTh TPEXMEpHbIC 0OBEKThI TCIIOOOMEHA,
CYIIIECTBYIOIIME B PEAILHOCTH, C JIBYXMEPHBIM Ipell-
CTaBJICHUEM, TPU KOTOPOM B pacuerax Mpejroaraet-
Cs pacCMOTPEHHE CJIOS TIIYOMHOM 10 HOpMaJH K pac-
CMaTpUBaeMOM MIOCKOCTU B 1 M.

3akjw4yeHue

ITo pesynbraTam CpaBHUTEIBHOIO aHAIU3a pacye-
TOB, IPOBEIEHHBIX ¢ npumeHenueM 3D- u 2D-
MO/IXO/IOB, TIONYYEHO YAOBIIETBOPUTEIHLHOE COTIIACHE
pacueTHbIX NOJIEM OCHOBHBIX IIapaMETPOB Harpesa Io-
MEILICHHSI CHUCTEMOH OTOILJICHUS HAa OCHOBE I'a30BOI0
WHppaKpacHOTO wW3Nydareis. B craTbe NpUBOIATCS
TUTIMYHBIE PE3YIBTATHI U3 3HAYUTEIEHOTO KOJIMYECTBA
MIPOBEJICHHBIX BapUaTHBHBIX pacueToB. [Ipeanmaraercs
JUTsl OOJIBIITUHCTBA TPEIBAPUTEIBHBIX OIEHOK TETUIO-
BBIX PEXKHMOB HarpeBa HMCIIOJIb30BaTh 00Jiee IKOHOM-
HBbIE TI0 BPEMEHHBIM 3aTpaTaM pacueTbl B JABYMEPHOMU
MMOCTaHOBKEe. B Tex ciydasix, Korma B TIOMEIIEHUH
HaJIMYECTBYIOT CYIIECTBEHHO TPEXMEPHBIE I'€OMETpH-
4eckue OOBEKTHI, HEOOXOIUMO IMPEABAPUTEIHHO WC-
MOJIb30BaTh TPEXMEPHYI0 NocTaHOBKY. W manee ore-
HUTBH BO3MOXXHOCTH 2D-MoiennpoBanust mpoiieccoB
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