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AxkmyanbHocmb. Haubonee nepcnekmugHbIM 8apuaHmoM 3Hep203hhekmugHoOU cucmembl 0bechedeHus: peanameHmHo20 Menio802o
pexuma noKanbHbIX paboyux mMecm, 3aHumarowux manyto domo nnowadell 6onbWUX NO pasmepam Uexos, Sensmes cucmemMsl mak
HasblBaeMo20 «/1y4UCmOo_20» OMONJIEHUS, OCHOBHOU Yacmbi0 KOMOPLIX S6MISMCS 2a30eble UHgpakpacHble usnydyamenu. OCHOBHYIO
POk 8 (hOPMUPOBEHUU MENIo8020 PexumMa fiokansHol paboyell 30HbI Uepaem NPoUecc cmewaHHoU KoHeekyuu (OsuxeHue 8030yxa
ecnedcmeue e20 Hagpesa O2pax0aroLyuMU KOHCMPYKYUAMU U NOMoKamu, Komopble hopmupyem cucmema 6030yxoobmeHa). LJo Hacmo-
AWE20 BPEMEHU aHasu3 eMusHUSi MECMOPacnoOXeHUs KaHaog cucmembl 6030yxoobMeHa Ha menmnosoll PexuUM nokanbHoU paboyeli
30HbI C UCNOMb308aHUEM 23308020 UHGHPAKPACHO20 U3/Tydameris He 8bINOMHSCS.

Lens: aHanus no pesynsmamam MamemMamu4ecko20 MoOenupo8aHus C UCNoIb308aHUeM MOOESU 8USHUS NOMOXeHUsT omeepcmull Ka-
Harnos cucmembi 8030yx006MeHa Ha meMnepamypHble NOJs NI0KasbHbIX paboyux 30H 86/1u3u Makema 060py008aHUs.

06Bexm: cucmema OmMoNeHuUst C UCNOMb308aHUEM 28308020 UHGPPaKpacHoe0 U3nyyamens ceemioeo muna u cucmembl 86030yX000MeHa.
Memodsi1. Mamemamuyeckoe ModenuposaHue npogedeHo e pamkax 08yMepHOU MoOeNU CONPSKEHHO20 MENIONEPEHOCa C NPUMEHEHU-
eM memoda KOHEYHbIX areMeHmog. [Ins YucneHHoz0 aHanu3a npouyeccog mensnonepeHoca ucnonb3oganucs Modynu « The Heat Transfer
in Fluids Interface», «Surface-to-Surface Radiation» u « The Turbulent Flow, k-¢ Interface» npoepammyoli cpedsi COMSOL Multiphysics.
Pesynsmamel. [pugodsamces pe3ynbmamsi meopemuyeckux uccredogaHull, 8bINOIHEHHBIX C UEIbio 0NpeOesTeHUs GIUSHUS NOMOXeHUS
omeepcmull KaHanoe cucmembl 8030yX006MeHa Ha memnepamypHble NOMs U 803MOXHOCMU yNpagneHus npoueccoM hopMuposaHust
peanaMeHmHo20 mensiogo20 PEXUMa 8 foKasbHbIX paboyux 30HaX NPU UCNOMb308aHUU 2a308020 UHGpakpacHozo u3nyyamens. [ped-
cmaereHb! Nosis meMnepamyp u ckopocmed, @ makxe pacnpedenieHusi meMnepamypbi 8030yxa no 8bicome 1oKanbHol paboyel 30Hb!
0ns1 pa3nuyHbIX 8apuaHmos pacnonoxeHus obnacmel egoda u 8bi8o0a cucmembl 8030yxoobmeHa. [To pesynbmamam uccnedogaHull
8bI58/1€HbI OCHOBHbIE 3aKOHOMEPHOCMU NPOUECCO8 MEenoMacconepeHoca 8 paccMampueaeMbiX YCI08USX, @ MaKXe 8blseeHa 803-
MOXHOCMb ynpasfieHusi npoyeccamu (hopMupO8aHUsi MenIo8020 PEXUMA JI0KalbHbIX Paboyux 30H, 8apbUpys NOMOXEHUS omgepcmuli
KaHaro8 cucmemb| 8030yx006MeHa, CUCMEM OMONIIEHUS Ha 0CHOBE 22308020 UH(bPaKpacHo20 U3Ty4amers.

Knioueenie cnosa:
2a308bIli UHGhpaKpacHbIl Uanydamerb, 06beKm mennocHabxeHus,
JI0KanbHasi paboyas 30Ha, Mensiogble YCrous, KOH8eKMUBHbIL Menoo6MeH.

BBeaeHune

OHepro- U pecypcocOepeKeHUEe CTAHOBATCA C Kax-
IBIM TOJIOM Bce Ooiee M OoJee aKTyalbHBIMH 33/[auyaMy
[1, 2]. DHeprocOepexeHne aKTyalbHO BO BCEX OTPACIsIX
NPOMBIIICHHOCTH W B coluaibHOi cdepe [3, 4]
HamnbGomnbpIme, ckopee BCEro, pe3epBbl 3HEProcOepeKeHUS
peaibHBl B paboTe CHUCTEM TEINIOCHAOKEHHS MPOMBIII-
JICHHBIX MPEANPHUITAR B CBA3U C TEM, UTO IUIOMAIN U
00BEMBI TIPOH3BOJICTBEHHEIX TIOMEIICHHH, 3aHATHIC pa-
OounMH MecTamu, Kak MPaBIUIO, MHOTO MEHbIIE (B Je-
CATKH pa3) oOImX miomaaeid u oObEMOB 1IEX0B Tpel-
npusitai [5, 6]. Ilo 3TUM mpUyYMHAM MHOTHE TPOU3BOJ-
CTBEHHBIE KPYIMHOTabapUTHBIE MOMEIICHHs, MOCTPOCH-
HBIE B MPOIILIOM, TPOCTO HE HCIIONB3YIOTCS.

DOI 10.18799/24131830/2023/3/3962

B a3t0ii cB31 Hambosee MEpCIEKTHBHBIM BapPUAHTOM
CHCTEMBI 00ECTICUCHHSI PETJIAMEHTHOTO TEIJIOBOTO pe-
KMMa JIOKAJBHBIX Pab04YMX MECT, 3aHMMAIOIIUX MaIyH
JI0JTI0 TuTomIa el 60JIbIINX MO pa3MepaM LIEXOB, SBIIAIOT-
Cs CHCTEMBI TaK Ha3bIBAEMOTO «JIyYHUCTOT0» OTOILIEHUS
[7, 8], OCHOBHOIl YACThIO KOTOPBIX SBISIOTCS Ta30BBIC
nHppaxpacHsie m3mydaremu (IMU) «rémuoroy [9] wm
«cBetioroy [10] tuna.

Ho ¢usnueckue mpouecchl, MpOTEKalONIUe B JIOKAIb-
HOW paboueii 3oHe mpu padore MU, odueHb CroxHBI
[11, 12]. B cBst3u ¢ yeM TPyAHO, B OTIMYKE OT TPAIHIIA-
OHHBIX CHCTEM «KOHBEKTHBHOTO» OTOmiIcHUS [13, 14],
TPOTHO3UPOBATh TEMIEPATYpHBIE MOJS JIOKANBHBIX pPa-
004MX 30H, B KOTOPBIX, KaK IIPaBIJIO, HAXOAUTCS He
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TOJILKO pabOTAIONINIA YeNoBeK, HO U obopymoBaHue [15].
Kpome Toro, B momasisomieM OONbIIMHCTBE peanbHbIX
HPOM3BOJCTBEHHBIX IPOIECCOB HEOOXOMUM TPHHYIH-
TEJBLHBIN B03Z[yX006MeH, BJIMAHUE KOTOPOTrO, KaK IOKa-
3an aHaiuu3 [16], Ha TemmepaTypy BO3dyXa JOKaJbHOM
paboueii 30HbI 3HAYUTENBHO.

COBOKYNHOCTb MONYYEHHBIX paHee NP MpPOBEIECHUU
IKCNIEPUMEHTANIBHBIX M TEOPETUYECKUX HCCIEeI0BaHUH
[15-18] pe3ymbTaToB MILTIOCTPHPYET HE TOJNBKO CaMo-
CTOSATENbHOE BIUSHUE OOMbIION Tpymibl GakTopoB (Mpu-
CYTCTBHUE WM OTCYTCTBHE 000PYIOBAHHS, paboTa CHCTE-
Mbl BO3AYXOOOMEHa, BIMSHHE OrPAKIAIOIIUX BEPTH-
KabHBIX W TOPH3OHTANBHBIX KOHCTPYKIWH u jp.). Pe-
3ysbTathl [15-18] natoT ocHOBaHMS [/ TUIIOTE3HI O BO3-
MOXHOM COBMECTHOM BIMSHUM TPYMIIBI IBYX (M Jaxe
TpéX) (HaKTOPOB HA TEMIIEPATYpHl BO3IyXa B JOKAIBLHOM
paboueii 30ne. [Toka aHaM3 TaKOTO COBMECTHOTO BIHS-
HUS HECKOJIBKUX (PAKTOPOB HE BBITOTHSIC.

[pobiema 3akr0UaeTcs B TOM, 4TO B PEalibHOM BapH-
aHTe paboThl CUCTEM JTy4HCTOTrO HATPEeBa OCHOBHYIO POJIb
B (pOPMHPOBAHHH TEIUIOBOTO PEKHAMA JIOKANBHOH pabo-
Yeid 30HBI UTPAeT MPOLECC CMEIIAHHOW KOHBEKIMH (JIBH-
JKEHHE BO3/TyXa BCIEJCTBHE €T0 HATPEBa OrPaXIAI0NINMK
KOHCTPYKIMSIMH ¥ TIOTOKaMH, KOTOpBIE (OpPMHpPYET CH-
cremMa Bo3ayxooOMeHa). Ha nBikeHue jxe Macc BO3ayxa
3HAYMMO BIMSIOT HE TOJIBKO OTPaXKAarollfe KOHCTPYK-
uu, Ho Takke u cam MU, obopymoBaHue U cucTeMa
BO3IyX000MEHa.

Panee ycranosieno [15, 16], uto npu onpenenéHHoH
CXeMe JIBIDKEHHS MOCTYIMAIIEr0 U3 CHCTEMbI BO3YXO-
oOMeHa BO3/lyXa MOCIEAHUH yBIeKaeT 3a co0oil Harpe-
o1l BONm3u 'MW Bo3yX W TmepeHOCHT ero B JIOKaTbHYIO
pabouyro 30Hy. B pesymbrare Temmeparypa B 3TOH 30HE
CHWKACTCSL MHOI'0 MEHBIIE IO CPABHCHUIO C BaApUAHTOM
MOCTYIUIEHHS TOJNBKO XOJOAHOTO BO3/yXa U3 CHCTEMBI
BO3/1yx000MeHa. OOOCHOBAaHHOW B STOW CBSI3U SIBJISETCS
TUIOTE3a O TOM, YTO PACIHOJI0KEHUE BXOLHOTO U BBIXO-
HOTO OTBEPCTUH KAHAIIOB CHCTEMBI BO3IyX00OMEHa MO-
KET 3aMETHO BIMATH Ha TEMJIOBOM PEXUM JIOKAIbHON pa-
Ooueil 30Hb1. Ecnu Takoe BIMSAHHE UMEET MECTO, TO BO3-
MOKHO YTIpaBJIeHHE TpomeccoM (opMHpPOBAHMS peria-
MEHTHOTO TEIIOBOIO PEKMMa JIOKAIbHOW paboyeid 30HbI
B pe3yNbTaTe BBIOOPA MECT PACIOJOKEHHS BXOJTHOTO H
BBIXOJIHOTO OTBEPCTHI KaHAJIOB CHCTEMbI BO3IyX000Me-
Ha otHOocuTenbHO [ IW u 06opynoBanus.

Llens paboThl — aHANK3 IO pe3yibTaTaM MaTeMaTHye-
CKOTO MOJICTTMPOBAHKS C HCIIOJNB30BAHHEM pa3paboTaH-
HoOW panee [15, 16] Momeny BIMSHUS MOJOKEHUS OTBEP-
CTHIl KaHAJIOB CHCTEMBI BO3IyX000MeHa Ha TeMIEpaTyp-
HbIE TIOJIS JIOKANBHBIX pabouux 30H BOIU3U MakeTa 000-
PYIOBaHHUSL.

YucneHHble uccnenoBaHus

Maremaruyeckoe MOJENTMPOBAHUE TMPOBOAWIOCH B
pamkax JByMepHOro mpHOMDKeHMsA. PaccMarpuBanach
npAMoyronbHas obmacte pasmepamu L=10xL,=44 M,
OTpaHUYCHHAs TOJIOM, CTEHAMH ¥ TOTOJKOM (OTpakaaro-
II1e KOHCTPYKIIMH) C TONIMHOM cTeH Lyq=0,1 M u 1Byms
TOPU30HTAIBHBIMA ~ KOHCTPYKTHBHBIMH  3JIEMEHTaMH
(puc. 1), coorsercrBytommmu [ U (pazmepst LXgie =0,4 M,
Lyeie=0,05 M) u manemnu (pasmepst LX=0,6 M, Lyy=0,04 m).

ITanens pacmonaranack Ha ocu cummerpun [N Ha BhicoTe
755 mm ot mona (Xm,=6415 MM, Y1,=755 mm). Koopaunatst
pacroJoxeHnst uctounuka Jyquctoi sueprun (I'MU) u
TOPM3OHTANBHON MaHeTn B OONACTH COOTBETCTBOBAIM
HanOoJiee TUMMYHOMY BApPUAHTY WX Pa3MEIICHHS B pe-
QTBHOM TIPOW3BOJICTBEHHOM MOMEIIEHHUH, CXeMa KOTOPO-
To TIpescTaBieHa Ha puc. 1. Bo3ayx cumrancs puarepmuy-
HOHM Cpeloi, a BCe MOBEPXHOCTH (CTEH, MOJa, TOTOJIKA,
['MU u oGopynoBanus) — HEMpo3payHEIMH cepbiMu. Oc-
HOBHbIE XapaKTEPUCTHKH MATEPHATIOB DIEMEHTOB (00BEK-
TOB) KOHCTPYKIIMH NIPUBEJICHBI B TAOM. 1.
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Puc. 1. Obnacmo pewenus 3adauu: 1 — I'UHU, 2 — nanens,
3 — 30na npumoxa 6030yxa, 4 — 30Ha OMMOKA 6030yXa

Fig. 1. Problem solution area: 1 — gas infrared heater (GIH),
2 —panel, 3 — air inflow area, 4 — air outflow area

MaremaTiyeckoe MOZICIMPOBAHKE [POBEICHO B paM-
Kax mMozenu temoneperoca [19, 20].

Tabnuua 1. Tennousuueckue  ceoticmea  Mamepuanos
02paANCOAOWUX KOHCMPYKYULl U NAHenu, Uuc-
nOL3068aBUUXCA 8 IKCnepumenmax [19]

Table 1.  Thermophysical properties of building envelope
materials and panels used in experiments [19]
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JUIst 9MCIeHHOTO aHANH3a MPOLECCOB TEILIONEPEHOCa
ucronb3oBamich Moxymu «The Heat Transfer in Fluids
Interface» u «The Turbulent Flow, k-¢ Interface» mpo-
rpammuoit cpest COMSOL Multiphysics. Moaenuposa-
HHE TIPOBOIIIOCH B IBYXMEPHOH TTOCTAaHOBKE B 00MACTH,
CXEMaTUYHO MpezcTaBieHHoN Ha puc 1. [{1s unterpupo-
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BAaHUS YPaBHCHUH HPUMEHSUICS METOJ] KOHECUHBIX 3Jie-
MeHTOB. [lapaMeTpsl paIHalioOHHOTO TEIIOBOTO MOTOKA
PacCUNTHIBANINCH C HCIONB30BaHWEM MOXyns «Surface-
to-Surface Radiation» 11 cepbix moBepXHOCTEH ¢ COOT-
BETCTBYIOIIMMH CTCTICHSIMU YSPHOTH B PaMKaxX 30HHOM
MO/IENIH C Y4ETOM CPEAHUX YTIOBBIX KO3 HUIIMEHTOB.

Ha rpanHumax «BO3myX — OrpakIalomiie KOHCTPYK-
MA» U1 YpaBHEHWH JBIKCHHS BO3IyXa 3aIaBajioch
ycioBue nmpuiunanusi. Ha ydacTke BBoga Bo3myxa 3aja-
BAJIUCh PACX0]] U TEMIIEPATYpa, Ha BHIXOJIE — OCTOSHHOE
JaBIeHHE, paBHOe aTMoc(epHOMY. B KadecTBe Hayaib-
HOH TeMITepaTypsl BceX 0OBEKTOB pacyeTa MPUHEMANOCH
3Hauenne 7 °C, CUMTANOCh, YTO MOCTYMAIONIUI BO3IYX
IPUTOYHOM BEHTWIANNHU 00nagaeT Temmeparypoii 10 °C.

[lepen mpoBeneHHEM MaTEMaTHYECKOTO MOAEIUPOBA-
HUS TEeTIIOMacconepeHoca hu3nueckas aJeKBaTHOCTD TO-
CTAaHOBKM 3a[a4d pacuyeTa MPOBEpAIach B IIpoIecce
CPaBHHUTENBHOTO aHANN3a PE3yNBTATOB YHCIEHHOTO MO-
JICIAPOBAHNS C PE3YJbTaTaMH MPOBECHHBIX JKCIIEPH-
MEHTaNbHBIX uccienoBanuii [15-17]. YnoBneTBoputens-
HOE COTJIACOBAHHE PE3YJbTaTOB (PU3UIECKOTO U MaTeMa-
THYECKOTO MOJICIMPOBAHAS TO3BOJMIO HCIOIb30BATH
BBIOPAHHYI0 MATEMATHYECKYE0 MOJIENb ISl OLICHKH BJIH-
SHUA BO3yX000MEHa Ha TEMIIEPATyphl B JIOKAJIHHOH pa-
Ooueii 30ne (obnactu Busuus I MN).
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Tabnuua 2. Bapuanmel pacnonodxcenuss omeepcmuil 6x00-
HO20 U 8bIXOOHO20 KAHANO08 CUCHIEMbL B030YX0-
0bMeHa u pacxo0os 8030yxa

Options for the location of the inlet and outlet
channels openings of the air exchange system
and air flow rates

Table 2.

% g Pacxon Koopaunatsl pacnosoxKeHus: OTBEPCTUI g E
= IS BO3AYXA BXOJHOT'O M BBIXOAHOI'O KAHAJIOB CUCTEMBbI % s
g2 > BO3LyX000MEeHa, MM =]
g 2| xr/(emd) : - o=
=5l Air flow Coord_mates of the_mlet and outlet channels a g
z = ke/(sm’) openings of the air exchange system, mm E=
= > Bxo/Inlet Brixon/Outlet Tt
1 X=200, Yvent=2950 | X=4500, Yyent=2950| 2
2 X=200, Yvent=2950 | X=4500, Yyent=2500| 3
3 XZZOO, YVENT:2950 X=4500, YVENTZSOO 4
4 2104 X=4500, Yyvent=2950| X=200, Yyent=2950 | 5
5 X:4500, YVENT:4000 X=200, YVENT:2950 6
6 X=4500, Yyent=2500| X=4500, Yyent=2950| 7
7 X:4500, YVENT:5OO X=200, YVENT:2950 8
8 X=200, Y\/ENT:5OO X=200, YVENT:2950 9
9 11-10% [ X=4500, Yvent=2950| X=200, Yyent=2950 | 10

[Ip MOIENHMPOBAHWH PACCMATPHBAINCH THIIHYHbIC
BapUaHTbl PACTIOJIOKCHUA OTBepCTI/Iﬁ KAaHaJIOB CUCTEMBI
BO31yX000MeHa (Tabn. 2).

Ha puc. 2 npuBeeHs! pe3ysibTaThl YMCIEHHOTO MO/IEITH-
POBAHS ISt COUETAHKS PUBEICHHBIX B TabmuIle GakTopos,
KOTOPOE MOXKHO YCIIOBHO Ha3BaTh 0a30BHIM BAPHAHTOM.
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Puc. 2. Ilonss memnepamyp (a) u ckopocmeti (6) uepes 1 uac pabomor I'HU. G=2-10"* Ke/(c 'Ma). Obnacms npumoxa 6030yxa
pacnonodcena crnesa Ha evicome 2950 mm, obracms ommoxa 6030yxa pacnonodxcena cnpasa na gvicome 2950 mm

Fig. 2. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10""* kg/(s-m®). The air inflow area
is located on the left at a height of 2950 mm, the air outflow area is located on the right at a height of 2950 mm

JluHuu Toka (puc. 2, 6) WITIOCTPUPYIOT 00pa3oBaHKe B
paccMaTprBaeMod 00NaCTH (OCTATOYHO pPEaTbHBIA IS
TMPAKTHKU BAPUAHT) HECKOJIBKHX [UPKYJISIIMOHHBIX TCUCHHI,
00YCIOBJIEHHBIX BJIMSHHEM IOTOKA BO3IYXa, BTEKAKOIIETO
yepe3 CHCTeMy BO3LyX0OOMeHa. DTOT PUCYHOK TaKke Wil-
JEOCTPHPYET BIISHIE FA30BOI0 HHPPAKPACHOTO M3TydaTelst
M MakeTa 00OpYHOBAHWS Ha XapakTep TEUeHHs BO3LyXa B
TAKOM CJIOKHOM I aHaym3a oOnacti. MOKHO CIenarh BbI-
BOJ, YTO JUIS YCIIOBHII IBUKEHHUSI BO3/LyXa, COOTBETCTBYIO-
MUX PUC. 2, XapaKTepPHO CHIDKEHHE TeMIIepaTypbl B JIO-
KaJTbHOW pabouell 30He 0 3HaYeHWH, ONMM3KHUX K TeMIiepa-
Type TOCTYMAIOLIETO M3 CUCTEMBI «BEHTHIIALMID BO3IyXa.
[pu «BBICOKOM (YCIOBHO) TIOJIOMKCHIH BBIXOHOTO KaHAIa

3T0l cucteMbl (puc. 2) 3HauYMTeNbHAs YacTh BO3MyXa, MO-
CTYTAIOMIETO U3 BHEIIHEH CPelbl, He YCIEBACT MepPEHEeCTH
TEMIoTy U3 30HBI BOKpYT [ I B OKaNbHYHO pabovyro 30HY.

CMeleHrne MONOXKEHHUS BBIXOAHOTO KaHana BHHU3
(puc. 3) Ha 0,5 M U3MEHAET PEKUM TeUEeHHUs BO3LyXa, HO
3TH M3MEHEHHS MPAKTUIECKU HE BIUSIOT HA TEMIEPaTy-
PBI JIOKATBHBIX pabovrX 30H CleBa U CTpaBa OT MaHEINH,
UMHTHPYIONIEH 000pyI0BaHHE.

JlanpHelniee cMeIEHHE BBIXOJHOTO KaHalla CHCTEMBbI
BO31yX000MeHa (puc. 4) Ha 2 M BHU3 NIPUBOJUT K JI0CTa-
TOYHO 3HaYMMOMY (Ha 4-5 °C) U3MEHEHHIO TeMIIepaTyp
BO3JyXa B JIOKAJIBHBIX pabounx 30HaX. Takoil pe3ynbrar
00yCTIOBIICH TeM, 4TO BO3/YX M3 CHCTEMbI BEHTUIIAIUH B
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Oonbluel CTeNEeHH YBIEKAEeT «ropAuMil» BO3MYX, OKpy-  Harpetoro kopmyca I'MM, Ha TemmepaTypbl Bo3oyxa B
warormi ['MH. JIOKaJbHBIX pab0OYMX 30HAX MPU M3MEHEHWH, MO CpaBHe-

Crnenyromas rpymnma WUTIOCTpaui (puc. 5—8) moka-  HHIO ¢ 6a30BBIM BapHAHTOM, MOJIOKEHHSA BXOIHOTO U BHI-
3pIBACT BIHMSAHUE TEIUIOTHI, MOCTYMAOMIEH B CUCTEMY OT  XOAHOTO KAaHAJIOB CHCTEMBI BO3IyX000MeHa.
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Puc. 3. Ilons memnepamyp (a) u ckopocmeii (6) uepes 1 uac pabomor I'HU. G=2-10"* Ke/(c 'Ms), Obnacmv npumoxa 8030yxa
pacnoaodicena ciesa Ha goicome 2950 mm, 061acms ommoxa 6030yxa pacnoiodicena cnpasa Ha esicome 2500 mm

Fig. 3. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10"* kg/(s-m>). The air inflow area
is located on the left at a height of 2950 mm, the air outflow area is located on the right at a height of 2500 mm
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y. M t, °C

werill
153
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Puc. 4. Ilorss memnepamyp (a) u ckopocmeti (6) uepes 1 uac pabomor I'HU. G=2-10"* Ke/(c 'M3). Obnacmbs npumoxa 6030yxa
pacnonodscena crnesa Ha evicome 2950 mm, obracms ommoxa 6030yxa pacnonodxcena cnpasa na evicome 500 mm

Fig. 4. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10"* kg/(s-m®). The air inflow area
is located on the left at a height of 2950 mm, the air outflow area is located on the right at a height of 500 mm
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Puc. 5. Ilonss memnepamyp (a) u ckopocmeii (6) uepesz 1 uac pabomvr THH. G=2"1 0* ke/(cn®). Obracme 6600a 6030yxa
pacnonodcena cnpasa Ha evicome 2950 mm

Fig. 5. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10"* kg/(s-m®). The air inflow area
is located on the right at a height of 2950 mm
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CpaHenue puc. 2, 3 u 5, 6 MOKa3bIBAET, YTO M3MEHE-
HUSL OTHOCHUTENBHO JTOKaTBHOH padodell 30HBI TTONOKEHHS
BXOJIHOTO H BBIXO/THOTO OTBEPCTHI KaHAJIOB CHCTEMBI BO3-

Yy, M t, °C
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JyX000MeHa TMPAKTUYECKH HE BIHSIOT HA TEMIIEPaTyphl
BO3/IyXa B JIOKAIBHBIX PA00OYMX 30HAX MPH PACTIONOKCHUH
Ha JIOCTAaTOYHO OOJIBIION BHICOTE ATHX OTBEPCTHHA.
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Puc. 6. ITons memnepamyp (a) u ckopocmeii (6) uepes 1 wac pabomer THH. G=2-107* ke/(c:n®). Obnacme 6600a 6030yxa

pacnonodscena cnpasa Ha gvicome 4000 mm

Fig. 6. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10"* kg/(s-m>). The air inflow area

is located on the right at a height of 4000 mm

VBerueHHe BBICOTHI TTOJIOKEHHS BBIXOJTHOTO OTBEPCTHS
CHCTEMBI BEHTHWIILMA [PA CHIDKCHUH BBICOTHI BEIXOIHOTO
OTBEPCTHS TPHUBOUT K JOCTATOYHO 3HAYMMOMY (pHcC. 7)
CHIDKCHMIO TEMIIEPaTyp BO3/yXa B JIOKAIBHBIX Pa0ouux 30-
Hax. [TocenHee 00YCIIOBICHO TeM, YTO HOCTYIAKOLIMIA B 00-

t, °C
>40

y, M

4

ala

nactb BiwstHIS [ Bo3myx U3 cHCTEMBI BO3LYX000MEHa He
MOXET BBI3BATH INEpEMEIEHHE HarpeToro ot kopmyca [MU
BO3IyXa B padouyto 30Hy. COOTBETCTBEHHO, STOT (haKTop He
MOXET OKa3aTh MO3MTHBHOIO BJIMSHHS HA TEIUIOBOM PEXHM
JIOKAJGHBIX pabourX 30H (CIpaBa v CieBa OT TAHENH).
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Puc. 7. Hons memnepamyp (a) u ckopocmeii (6) uepes 1 wac pabomer THH. G=2-10"* ke/(c'm®). Obnacmv ss00a 6030yxa

pacnonodicena cnpasa Ha gvicome 2500 mm

Fig. 7. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10"* kg/(s-m®). The air inflow area

is located on the right at a height of 2500 mm

AHanorn4Hele pe3ybTaThl (pUc. 8) MOTy4eHB! U I
YCIOBHUI MPUTOKA OTHOCUTENBHO XOJOAHOTO BO3AyXa 3
pacroioXeHHoro Ha BeicoTe 0,5 M BXOZHOTO OTBEPCTHUS
CUCTEMBI BO3IyX000MeHa. 1 B 3TOM ciiydae TeoMeTpus
TEUEHHUS TAKOBA, YTO BO3MYX, HarpeThil Kopmycom MU,
HE MOXET TOIACTh B JIOKABHBIE pa00YHe 30HBI.

HeOnaronpuaTHo#t [y CO3[aHUA  PETIAMEHTHOTO
TEILIOBOTO PEXKIMA JIOKATBHON paboueit 30HEI ABIACTCS U
CXeMa pACTONIOXKCHUS KAHANOB TPHTOYHO-BHITSKHOM

BEHTWIALMY, IIpUBEJEHHAs Ha puc. 9. BBoa «cBexeroy
BO3JyXa B HIDKHEH 4acTH MOMEIIECHHA TAKKe He HaéT
BO3MOXKHOCTH BOBJEYb B TpOLECC (POPMHUPOBAHHA pe-
[IAMEHTHOTO TEIUIOBOTO PEXHMa JIOKAIbHOH paboueit
30HBI TEIIOTHI, OTBOAMMOH OT KOpITyca ra30BOro nHppa-
KPAcHOTO U3JTyyaTells.

B nononHeHue k NpoBEAEHHOMY aHAIM3y BBIIOIHEHA
OLIEHKA BIUSAHUS YBENMYEHHS HHTCHCHBHOCTH IPUTOKA
BO3JyXa Ha T0JIe TeMIIepaTyp JOKaIbHOH padodeil 30HBI
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MOJOXCHUNA BXOJHOI'O M BBIXOJHOI'O OTBepCTI/Iﬁ KaHaJI0B
CHCTCMbI BOSZ[}’XOO6MCH8. TIPUBOIUT K H€60J'IBIHOMy, HO

(puc. 10). Cparenue puc. 5 u 10 mpuBOIUT K JOCTATOYHO
OYEBHIHOMY BBIBOJY: YBEIMUCHHE HHTEHCHBHOCTH MpPH-

TOKa OTHOCHUTECJIBHO XOJIOTHOI'0 BO3AyXa MPHU OTMHAKOBOM

CHIDKEHHIO TEMIIEPATYp B JIOKAIBHON paboueii 30He.
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Puc. 8. Ilons memnepamyp (a) u ckopocmeii (6) wepes 1 wac pabomwvr THH. G=2-10" ke/(c'm®). Obnacme 6600a 6030yxa
pacnonodcena cnpasa Ha evicone 500 mm

Fig. 8. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10"* kg/(s-m>). The air inflow area
is located on the right at a height of 500 mm
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Puc. 9. Ilonss memnepamyp (a) u cxopocmeii (6) uepes 1 uac pabomer THH. G=2"1 0 KZ/(C'MS). Ob6nacmo 6800a 6030yxa
pacnoaodicena ciesa Ha goicome 500 mm

Fig. 9. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=2-10"* kg/(s-m®). The air inflow area
is located on the left at a height of 500 mm
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Puc. 10. Ilons memnepamyp (a) u ckopocmeii (6) uepes 1 uac pabomvr 'MU. G=11"1 07 ke/(c:m®). Obnacme 6600a 6030yxa
pacnonodcena cnpasa na evicome 2950 mm

Fig. 10. Fields of temperatures (a) and velocities (b) after 1 hour of GIH operation. G=11-10"* kg/(s-m®). The air inflow
area is located on the right at a height of 2950 mm
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Ha puc. 11-13 npuBeneHs! pacnpeneneHus Temmepa-
Typ B JIOKQJBHBIX pabodYrX 30HAX CIpaBa U CIeBa OT Ma-
KeTa 000pyOBaHUS JUIS HECKOJNBKUX BAapHAHTOB PAcCIO-
JIOKEHUST OTBEPCTHH BXOJHOTO M BBIXOJHOTO KaHAIOB
CHUCTEMBI BO3yX000MEHa.

.

1.8

t°C

Puc. 11. Pacnpedenenue memnepamypsl 6030yxa no ceue-
HUIO HA pacCmosHuu 20 cm cnesa om nauenu uepes
luac pabomvr 'MHU Ona pasnuunvix eapuanmos
PACHONOJNCEHU. OMBEPCMULL  CUCTEMbl  8030YX000-
mena: 1 — eapuanm 3; 2 — eapuanm 4, 3 — eapuanm
5; 4 — sapuanm 6; 5 — eapuanm 7; 6 — sapuanm
8; 7 — sapuanm 9

Fig. 11. Air temperature distribution over the section at a
distance of 20 cm to the left of the panel after 1 hour
of GIH operation for various options of the location
of the air exchange system channels: 1 — variant 3;
2— variant 4; 3 — variant 5; 4 — variant 6;
5 —variant 7; 6 — variant 8; 7 — variant 9

Xopoo BuaHO (puc. 11), uTo, M3MeHs pacoaoxke-
HUE OTBEPCTUH KaHAIIOB CHCTEMBI BO3AYX000MEHa OTHO-
CUTEJIBHO JIOKANbHOM pabouell 30HBI, MOXKHO HU3MEHATh
TEMIIEPaTypy BO3LyXa B 30HE MEXIY 00OpYIOBAHHEM W
JI€BOW BEPTHKAJIHLHON OTPaKIAIONIEd KOHCTPYKIMEeW Ha
3-4 °C. AHanu3 pe3ysbTaToOB YMCIECHHOTO MOJIEIHPOBa-
HUS TIOKA3bIBAET, YTO MOJOXHTEIBHBIN dPderT (pocT
TEMIIEpaTypbl) JOCTUIAETCs BCIEACTBUE HCIONb30BAHUA
TEIUIOTHl Ta30B, HArpeTHIX KOPIyCOM ra3oBoro MHdpa-
KpacHOro u3nyyatens. AHAIOTHYHBIA BBIBOA MOXKHO
CHenaTh U IOCNE aHamM3a TEMIepaTyp BO3IyXa B JIO-
KaJbHOH pabouyeii 30He crpaBa OT MakeTa 000pyIOBaHHUS
(puc. 12). Jlns Bcex BaphMaHTOB PACIIONOXKEHHS OTBEp-
CTHI KaHAJIOB CHCTEMBI BO3IYX000MEHa TEMIIEpPATYpHl B
XapaKkTepHBIX CCUYCHHSX JIEBOM M MPaBoil paboumx 30H
pasnuuatotcs HezHauntensHO (He Gomee 1 °C). Ilocnen-
Hee WIUTIOCTPUPYET yYMEpPEHHOE BIHUSAHHE JIEBOM BEpTH-
KaIbHOW OTpakAatonieil KOHCTPYKINU (KUPIHIHOH CTe-
HBI) Ha TEMIIEPATYPHI B IPHIIETAIOMIEH K 3TOH KOHCTPYK-
1K JIOKAJIBHOM paboueii 30He.

Pacnipenenenus t(y) B ceueHHH, NPOXOAANIEM Yepe3
0Cb CUMMeTpuH 30HbI BiusHuA [ MW (Hag maHenblo), ui-
JIOCTPUPYIOT BO3MOXKHOCTH BIHSHAS 00OOPYAOBAHHS Ha
(opMHpOBaHKE TEIIOBOTO PEXHUMA JIOKAIBHBIX Paboumx
30H. [Tanens, 0 CyImECTBY, HTPaeT pojib TEMI00OMEHHH-
Ka, TpaHchopmupyromero nocrynawoiryto ot MU suep-
TUIO B TEIIOTY, aKKyMYyJIUPYEMYIO BO3IyXOM Hajl MaHe-
JIBIO U 3aTeM TepeiaBaeMylo B JIOKaJIbHbIE pab0ure 30HbI
cJIeBa U CIpaBa OT TaHEeNH.

VM

0.8

0.6

0.4
0.2

Puc. 12. Pacnpedenenue memnepamypsvl 6030yxa Ha pac-
cmosnuu 20 cm cnpasa om naneau uepe3 1 uac pa-
o6omuvl TUH 0na paziuuHbix 8apuanmos pacnoiodice-
HUsL omeepcmutl cucmemvl 6030yxooomena: 1 — eapu-
anm 3; 2 — eapuanm 4, 3 — eapuanm 5; 4 — eapuanm
6; 5 —eapuanm 7; 6 — eapuarnm 8; 7 — eapuanm 9

Fig. 12. Air temperature distribution over the section at a
distance of 20 cm to the right of the panel after
1 hour of GIH operation for various options of the
location of the air exchange system channels: 1 —
variant 3; 2 — variant 4; 3 — variant 5; 4 — variant 6;
5 —variant 7; 6 — variant 8; 7 — variant 9

Y
s
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t°C

Puc. 13. Pacnpedenenue memnepamypbl 6030yXa Ha OCU CUM-
Mmempuu 3061 enustnus I AU (0<Y<2 m) uepes 1 uac pa-
6omol MU 015t paznuunvix 6apuanmos pacnonoiceHus
omeepcmuil cucmemvl 6030yxoobmena: 1— eapuanm 3;
2 — ¢apuanm 4, 3 — eapuanm 5; 4 — eapuanm 6, 5 — 6a-
puanm 7; 6 — eapuarm 8; 7 — eapuarm 9

Fig. 13. Air temperature distribution on the symmetry axis
of the GIH influence zone (0<Y<2 m) after 1 hour of
GIH operation for various options of the location of
the air exchange system channels: 1 — variant 3;
2 — variant 4; 3 — variant 5; 4 — variant 6; 5 —
variant 7; 6 — variant 8; 7 — variant 9

3aknioueHne

Pe3ynbTaThl BHIMOIHEHHOTO YHCIEHHOTO MOJAEIUPO-
BAHIS TPOLECCOB TEIUIONEPEHOCA B YCIOBHAX «ITYIHCTO-
TO» HarpeBa JIOKaIbHOW paboueil 30HbI TPOM3BOJICTBEH-
HOTO TMOMEIICHUS MOKA3ali BO3MOKHOCTh YIPABICHHUS
nponeccaMu GOPMUPOBAHKS TEIIOBOIO PEXKUMA JIOKAb-
HBIX pabouKX 30H, BapbUPYA MONOKEHHUS OTBEPCTUH Ka-
HAJIOB CUCTEMBI BO3TyX000MEHa.

Paboma evinonnena npu unarncosoi noddepaicke Poccuii-
cko2o Hayunozo ®@onoa (npoexm Ne 20-19-00226).
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FBopucos b.B., noxrop ¢puzuko-mMarematuueckux Hayk, npogpeccop HOLL M.H. byrakoa MHxkeHepHOH MIKOJIBI SHEP-
reTuky HaioHansHOro uecie10BaTenbckoro TOMCKOTO MOMMTEXHUYECKOTO YHUBEPCUTETA.

Bamxun A.B., acnupant HOL 1.H. byrakoBa UmxeHepHOI MIKONBI 3HEPreTHKH HanmoHansHOTo nece10BaTeNbCeKo-

ro

ToMCKOro MOIUTEXHUIECKOTO YHUBCPCUTETA.

Kysneyoe I'.B., noxrop ¢pusnko-mareMatinieckux Hayk, mpopeccop HOL| M.H. ByrakoBa UmxeHnepHo# MKoIbI 9HED-
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NUMERICAL ANALYSIS OF THE INFLUENCE OF THE AIR EXCHANGE SYSTEM
CONFIGURATION ON THE TEMPERATURE REGIME OF LOCAL WORKING AREAS
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The relevance. The most promising option for an energy-efficient system for ensuring the scheduled thermal regime of local workplaces,
which occupy a small area in large workshops, are the so-called «radiant» heating systems, the main part of which are gas infrared heat-
ers. The main role in the formation of the thermal conditions of the local working area is played by the process of mixed convection (the air
movement due to its heating by enclosing structures and flows that form the air exchange system). The analysis of the influence of the lo-
cation of the air exchange system channels on the thermal regime of the local working area using a gas infrared emitter has not been per-
formed so far.

The main aim of the research is to analyze the influence of the position of the air exchange system’s openings channels on the tempera-
ture fields of local working areas near the equipment model based on the results of mathematical modeling.

Objects: heating system using high-intensity gas infrared heater and air exchange system.

Methods. Mathematical modeling was carried out within the framework of a two-dimensional model of conjugate heat transfer using the fi-
nite element method. The modules «The Heat Transfer in Fluids Interface», «Surface-to-Surface Radiation» and «The Turbulent Flow, k-¢
Interface» of the COMSOL Multiphysics software environment were used for the numerical analysis of heat transfer processes.

Results. The paper introduces the results of mathematical modeling carried out to determine the influence of the position of the air ex-
change system’s channels on the temperature fields and the possibility of controlling the process of a scheduled thermal regime formation
in local working areas when using a gas infrared heater. The temperatures and velocities fields, as well as the air temperature distribution
along the height of the local working area for various options of the air exchange system’s inflow and outflow areas location are presented.
Based on the results of the research, the main regularities of the processes of heat and mass transfer under the considered conditions
were revealed. The possibility of controlling the processes of thermal regime formation of local working areas by varying the air exchange
system channels position was also revealed.

Key words:
gas infrared heater, heat supply object, local working area, thermal conditions, convective heat transfer.
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