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npH pa6oTe ra3oBoro MHGPaAKpPacHOro usJjaydaresis
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AHHoTanusa. AkmyaasHocmb. [Ipo6eMa sHeprocéepesxeHUst U 3HeProapPeKTUBHOCTH € KAX/AbIM I'0JJOM CTAaHOBUTCS BCe
6oJiee aKTya/IbHOW 10 psiZly Npu4uH. McnoJsib3yeMble B HACTOsILEe BPeMsI KOHBEKTHUBHBIE CUCTEMbI OTOILJIEHUS] BO MHOTHX
ciyyasix yxxe HeadpdeKTUBHBL. OCOGEHHO B Cly4ae KpYNHOraGapuTHOTO 4YaCTUYHO 3arpy>KEHHOI'0 NMPOMBIIJIEHHBIM 060py-
JIOBaHUEM INOMeleHUs, B KOTOPOM TaKHe CUCTEMbI 060rpeBaloT BCe NOMelleHHe, YBeJWYUBas 3aTPaThl TEMJIOThI CBEPX He-
o6xouMoro. ['a3oBble HHPpaAKpacHble U3JIy4aTeH B 3TOM CIydae 60Jiee ePCIEKTUBHBI, OCKOJIbKY CO3JAl0T pPerjaMeHT-
Hbl€ TeNJIOBblEe PEXXHUMbI B BblﬁpaHHbIX JIOKAJIbHBIX paGquX 30Hax. OﬂHaKO WX IpUMEHEeHHE B HACTOodAllee BpeMd BCe elle He
IMIMPOKO PacnpoCcTpaHEHO MU3-3a psfia HepelleHHbIX NPo6JieM 10 TEXHOJIOTUU UX NpuMeHeHUs. OJHOH M3 TaKUX NpobJyieM
ABJIIeTCA MOKa ellle HeZJOCTaTOYHO IpOaHa/IM3MpPOBaHHOE BJIMAHHE PabOThbl CUCTEM BO3AyX006MeHa Ha TEMJIOBOM PeXHM
JIOKQ/IbHBIX pabo4yux 30H. I]esb: onpeseseHue Bo3JeHCTBUS CUCTEM BO3JyX00OMeHa Ha TeIJIOBble XapaKTePHUCTHUKHU B JIO-
KaJbHOM pabouyell 30He NPOM3BOACTBEHHOI'O0 MOMEIEHMs, OTAaIIMBAaeMOro ra30BbIM HHGQpAKpacHbIM H3JydaTeseM.
O6sexm: paboyasi 30Ha C CUCTEMOH BEHTUJIALMU U 060rpeBaeMast ra30BbIM UHQPAKpACHBIM HU3JyyaTeseM. Memodsl: sKc-
NepUMeHTa/IbHble U YUC/IEeHHble UCCIe/J0BaHudA. Pe3y/ibmambl. 3aperucTpupoBaHbl 3KCIEPUMEHTA/IBHO U ONpeJesieHbl B
pe3yJibTaTe MaTeMaTUYECKOT0 MO/IeJIMNPOBAHUSA TeMIlepaTypHble [10J151, TENJIOBble IOTOKU U CKOPOCTH BO3JyXa. YCTaHOBJIe-
HO, YTO UHTEHCHBHOCTb 110Ja4¥ OTHOCUTEJILHO X0JI0OAHOT0 BO3/lyXa CUCTEMON BO3/lyX006MeHa BJIMsSET Ha TENJ0BOH PeXHUM
JIOKaJIbHOU paboveit 30HbI. [Ipy Ma10il HHTEHCUBHOCTH IMOTOK X0JIOJHOI0 (OTHOCHTE/NbHO) BO3/lyXa HallpaBJisieTCsl BHU3, He
B3aMMOJEHCTBYS C ra30BbIM HHPpPAKpPACHBIM H3Jy4aTeseM, IpU 6oJiee BBICOKOW MHTEHCHBHOCTH NMOCTYNAIOLIMNA U3 CHUCTe-
MbI BO3/[yX006MeHa BO3/yX JOCTUTrAeT IOBEPXHOCTH, HarpeTo! /10 BbICOKUX TeMrepaTyp (800 °C) ra3oBbIM HHpPAKpPACHBIM
u3aydaTesieM. U gocTyraet JlokaJbHOU paboyell 30HbI y2Ke JOCTaTOYHO NporpeThiM. C/leJlaH BbIBOJ, UTO CUCTEMBI JIYYUCTO-
ro OTOIJIEHUS JIOKAJBHBIX PA6OYMX 30H MOTYT 00eCIeYUTh [JIAHOBBIH TEMJOBOH PEXHUM B 3THUX 30HaX C MHTEHCUBHOCTBIO
BO3/[yX000MeHa, XapaKTepPHOM /151 pea/IbHbIX POU3BO/ICTBEHHBIX IOMEIIeHUH.

KioueBble c/10Ba: MaTeMaTH4yecKoe MoOJe/JIMpOBaHUe, 3KCIIepUMeEHTa/JIbHbI€ HCC/IeJOBaHHE, TeNnJ0BOU pexum, ra3oBbId
PIH(bpaKpaCHbIﬁ H3Jjy4darteJib, CMCTEMA BEHTUIALUU
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Impact of the air exchange system on temperature conditions
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Abstract. Relevance. The problem of energy saving and energy efficiency is becoming more and more urgent every year for a
variety of reasons. Traditional convective heating systems are no longer effective in many cases (especially in case of large-
sized partially loaded with industrial equipment). Gas infrared emitters are promising sources for heating local working are-
as. However, their use is not very widespread due to a number of unresolved problems with radiant heating technologies for
local workplaces. One of these problems is the air exchange systems operation, the effect of which on the local working areas
thermal conditions has not been studied yet. Aim. Determining the impact of air exchange systems on the thermal character-
istics in the local working area of a production facility heated by a gas infrared heater. Objects. Working area with ventilation
and heated by gas infrared heaters. Methods. Experimental and theoretical studies. Results. The authors have registered the
temperature fields, heat flows and air velocities and carried out the mathematical modeling in the gas infrared heaters effect
zone. It was found that supply of relatively cold air (at low flow rates) from the air exchange system slightly affects the ther-
mal conditions of the local working area. The air coming from the air exchange system flows around the gas infrared emitter
heated up to high temperatures (800°C). As a result, air comes to the local working area already sufficiently heated. It was
concluded that the radiant heating systems of local working areas can provide scheduled thermal conditions in these areas
with the intensity of air exchange typical for real industrial premises.
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(hopTHOCTH cpelbl KU3HEOOCCIICUCHHUS CUCTEMaMH
OTOIIJICHUA, BCHTUJISIIUN u KOHANIUOHUPOBAHUSA

BBegeHue
O6mas mpobaema saeprocoepexenus [1-6], a Tou-

Hee PHepProd(pPEeKTHUBHOCTH, CTAHOBUTCS B IOCICIHEE
BpeMsi OCOOCHHO BaXHOW MpH (HOpPMHUPOBAHUU peria-
MEHTHBIX TEIUIOBBIX PEKUMOB B KPYIMHOTaOAPUTHBIX
MIPOMBIIIIEHHBIX moMerienusix [7—10] ¢ gactuaHo 3a-
TpYy>KEHHBIMH MPOU3BOJICTBEHHBIMU TUTOMAAsIMU. [Ipu
3TOM CTPOUTENHCTBO M MPOMBIIIICHHOE IIPOU3BOICTBO
SIBJIAIOTCS OCHOBHBIMU TOTPEOUTENSIMU TEIJIOTHl U
ANIEKTPUYECKOW SHEepruif ¢ BHIOPOCOM B aTMocdepy
OTpOMHOTO KOJM4YecTBa yriekucioro rasa [1, 11]. He-
KOTOpBIE €BpOIEHCKUE NpaBUTENLCTBA JT0OMBAIOTCSA
nenu JoBectd Bce BoIOpockl CO;, mo Hyns k 2050 r.
[12]. OmHuM HU3 CITOCOOOB JOCTHIKEHUS ITOM SN MO-
XKeT OBITh MOBBIIICHUE YHEProdH(HEKTHBHOCTH CaAMOTO
MPOMBIIIUIEHHOTO Tnpou3BoacTtBa [13—17]. pyrum
MOAXOIOM K TOBBIIICHUIO 3HEproaddexTuBHOCTH
MPEeNNpUATUS  SBIIETCS Pa3yMHOE HCIOJIb30BaHUS
TEIUIOBBIX HCTOYHHKOB IS CO3IAaHHUS KOM(OPTHBIX
ycIoBHH ku3HenesTenpHocTH. Ha obecreuenne Kom-

(OBuK) pacxoayetcst OCHOBHasl 4acTh SHEPronorped-
JICHUS 3[aHUSL, TI03TOMY PETJIAMEHTHBIA MUKPOKIAMAT
B [IOMEIIECHUH MPU MUHUMH3ALUH 3aTPAuCHHON TETIO0-
ThI MOXKET OBITh JIOCTUTHYT IyT€M MPUMEHEHUS paliu-
OHAJIBHOTO TIOAX0Aa K BHIOOPY METOIOB pacmlpenee-
HUA ee B pabouux 30Hax [18, 19]. Tak, npumeHeHNE
BOJISIHBIX KalOpU(PEPOB Ui OTOIICHUS OONBIINX
MPOMBILUIEHHBIX 31aHui [20-23] mpuBOAMT K TOMY,
YTO 3HAYUTEIBHOE KOJIMUYECTBO TEILUIOTHI, MEPEJAHHOE
OT 3THX TEIUIOBBIX NPHOOPOB BO3AYXY, TEPSIETCS UM
IIPH TEIDIOOOMEHE B OTPaXKTAIOIINX KOHCTPYKIUAX U
aKKyMyJUpyeTcss BOJHM3M MOTOJIOUHOTO TMEePEeKPHITHS
[14,24], a paGOTHHKH TPEINPUATHS HCIBITHIBAIOT
TeMIepaTypHbeli auckoMmpopt. Haxonsmascs BHe pe-
[JIaMEHTHOTO JAMarna3zoHa (CIMIIKOM BBICOKas WIH
CJIMIIIKOM HHU3Kas) TEMIIEpaTypa B IIOMEIICHUH B KOHIIE
KOHIIOB CKa3bIBAaeTCS Ha 37I0POBBE M, COOTBETCTBEHHO,
Ha TPOU3BOAUTEIBHOCTH Tpy/a paborarommx [25, 26].
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[lo pesympTaTaM MHOTOYHCIICHHBIX WCCICIOBAHMUIA,
uanpumep, [27-30], yCTaHOBIIEHO, YTO TEIIOBO KOM-
($OopT BO MHOTHX CIy4asX IJOCTHTAETCS ¢ MECHBIINMH
SHEpro3arpaTaMy MPH WCIONB30BAHUU CHCTEM IIY4H-
CTOro HarpeBa (II0 CPaBHEHHIO C KOHBEKTUBHOH CH-
cremoit) [31-36].

Onnako as co3ganust TakuxX d3(Q(HEKTUBHBIX CHCTEM
VIIPaBJICHUS TEIUIOBBIMHU PEXKHMAaMHU JIOKAITBHBIX pado-
YUX MECT B KPYHMHOTAO0APHUTHBIX IMPOM3BOJCTBEHHBIX
nomenieHusix (Hanpumep, [30-33]) U HX IHPOKOTO
MPAaKTUIECKOT'O UCIIONIE30BAHUS TpeOyeTCs MOHUMaHKe
MPOIECCOB UX (POPMHUPOBAHUSI B OTAENBHBIX JIOKAJb-
HBIX 30HaX. OdYeHb BaXKHO OINPEICIUTb, HAa CKOJBKO
3 PEKTUBHO HCIONB3YIOTCS TEILIOBBIC MOTOKH, BBIPA-
0aTpIBacMbIC Ta30BBIMU HH(PAKPACHBIMU H3ITyJaTels-
mu (CMU). Yactryro 3Ta mpobiiemMa pelreHa Ipy aHa-
Ju3e MpoIeccoB mepenoca ternoTsl ot [ MU 6e3 yuera
paboThl cUCTEMBI BO3IyX0o0OMeHa [37] B pexxumMe ecTe-
CTBEHHOU KOHBEKIIUH.

JKcnepuMeHTa/IbHbIE HCC/IeJ0BaHHA

YcnoBus TMPOBENCHUST NPEACTABICHHBIX JKCIIEPHU-
MEHTAIBHBIX HCCIIEIOBAHUH TPOIECCOB TEILIONEPEHO-
ca BBHIOMpaNNCh HA OCHOBE aHaIM3a IPHMEPOB periia-
MEHTHBIX TEIUIOBEIX DPEXHMOB JIOKAIBHBIX pabodmx
30H KpYyIHOrabapuTHBIX moMernenwuii [30, 38—42].

YuuteiBanocs [40, 41], 4To aHaIW3 TEIJIOBBIX IO-
TOKOB M TEMIIEPATyp MO OOJBIINAM IDIOMAIsIM B YCIIO-
BHAX paboThl Heckoybkux (3—4) 'MW MoxHO 3ame-
HUTh aHAJIM30M Psijia OJUHAKOBBIX JIOKATBHBIX Y4acT-
KOB, KOXKIBI M3 KOTOPBIX HATPEBACTCS OMHUM HU3JTy4a-
teneM. [lo paHee PKCIIEPUMEHTANBHO OMPEISICHHBIM

3aBHCUMOCTSIM TUIOTHOCTU TEIUIOBBIX MOTOKOB, IMOCTY-
Harmux B pabodyto 30Hy oT ['IM pa3nuuHOi MOIIHO-
cta (ot 5 mo 30 kBT), © MX pacmoiIOKEHHUIO OTHOCH-
TeNbHO oOorpeBaeMoii moBepxHocTH [30, 40] cneman
BBIBOJ 0 npumeHumoctu 'MW manoil MomHocT! ams
MMOJIBO/Ia TEIUIOTHI K JIOKAIbHOW pabodyeit obiactu. B
CBSI3U C ycTaHOBJIEHHBIMU B [30] 3aKOHOMEPHOCTSIMU
MIPY POBEJCHUH SKCIIEPUMEHTOB HCIIOIB30BANICS OJMH
I'MU cpenneit momuOocTH (5 KBT), pacmnonoXeHHbIH Ha
OTHOCHTEJIBHO MaJloi BBICOTE (3 M) OT MOBEPXHOCTH
T10J1a SKCIIEPUMEHTAIBHOT0 OOKca.

OKCIepUMEHTAIBHBIE UCCIIEIOBAHUS TIPOBOIIIIICE
B 3UMHEE BpeMs IIPH TeMIIepaType Hapy>KHOTO BO3IY-
xa Te oT —12 no —30 °C (Hmke MPUBEICHBI THITUYHBIC
pe3ynbTaThl  AKcmepuMeHToB mpu  Te= 22 °C).
HavanpHeie Temmeparypsl BO3IyXa B DKCIIEPHMEH-
TalbHOM OOKce ycTaHaBiuBaiach or +2 mo +15 °C.
Takue TemmepaTypbl XapaKT€pPHbI sl IPOU3BOJ-
CTBEHHBIX TTOMEIICHUN C JBYXCMEHHBIM PEKHMOM pa-
60Tel. [Ipu 3TOM, Kak OBIJIO YCTaHOBJICHO paHee [24],
CHIDKGHHE TeMIlepaTyphl BO3IyXa B TMOMEIIEHUH [0
OTPHULATEIRHBIX TEMIIEPATyp B IOAABIIONEM OOIb-
[IMHCTBE NMPAaKTUIECKN 3HAYMMBIX BApHAHTOB HeEIleJIe-
c000pa3Ho MO 1eNOMY Py OOBEKTUBHBIX (TIPOU3BO/I-
CTBEHHBIX) PHYIUH. [103TOMy OCHOBHBIE IKCIIEPUMEH-
THI TIPOBOAMIIMCH TIPU HaYalbHOUM Temmeparype +7 °C
B TIOMCIICHUH.

Ha puc. 1 mpencraBieHo cxemaruyeckoe u3o0pa-
JKeHHe JTabOpaTOPHOTO CTEHIA IS MPOBEACHUS dKCIIe-
PUMEHTAIBHBIX HCCIICIOBAHUI.

OCk CHMME
THH —

E MaTTTHEaM

Puc. 1. (Cxemamuueckoe uzobpaxceHue 061acmu npogedeHusl IKCNEPUMEHmMo8 U pacnoaoxceHus mepmonap: 1 - F'HHU, 2 - svl-
HOCHAs1 20pU30HMA/IbHAS NaHeab, 3 — KaHa/1 npumoka 803dyxa, 4 — kaHa/ evixoda eo3dyxa, 5 - Komnblomep, 6 — aHa-
/1020-yugpoesoll npeobpazoeamensv U cucmemsl cbopa u nepedauu 0aHHbIX, 7 — 3aNOPHO-pe2yAuUpylowas apmamypa
cucmembl 2a30CHAGHCEHUS

Fig. 1. Schematic representation of the experimental area and the thermocouples location: 1 - gas infrared heater (GIH), 2 -

horizontal panel, 3 - inlet air channel, 4 - outlet air channel, 5 - personal computer (PC), 6 - analog-to-digital convert-
er (ADC) and data collection and transmission system, 7 - shut-off and control valves of the gas supply system
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OKCIEPUMEHTHI C PEruCTpanyeil OCHOBHBIX Xapak-
TEPUCTUK TPOLIECCOB TEIIONEPEHOcCa MPOBEACHbI B
YCIIOBUSIX PEATLHOTO 00BEKTa TEIUIOCHA0KEHUS — TH-
MUYHOTO M JIOCTaTOYHO OOJBILOrO MO pa3MepaM 3a-
KpBITOTO IOMeIleHust (puc. 1), COOTBETCTBYIOIIETO
00BEKTY, HCIOIH30BAHHOMY IUISI MCCIICIOBAHUI, OIH-
caHHBIX B paborax [31, 32, 39].

Ha mpaktuke jJokanbHbIe pabodre 30HBI B KPYITHO-
rabapuUTHBIX MOMEIICHHUSX BBIICISIOTCS IO PALY TeX-
HOJIOTHYECKHX YCIOBHH, KaK IpaBWIIO, BONH3U CTEH.
[To3TOMY 3KCIIEPUMEHTHI IIPOBOIMINCH B 30HE, BKIIIO-
Yafomel B Ka4ecTBE OCHOBHOTO 3JIEMEHTA U HECYIIIYIO
creny. UccnenoBanus [31, 32, 39] nmokazanm, 9ro cre-
HBl CYILECTBEHHBIM 00pa3oM Y4acTBYIOT B IIpoliecce
pEryJIMpOBaHMs JBWKEHUS BO3IyXa B JIOKAJIbHBIX pa-
004nx 30HaX.

YCTpOHCTBO AKCIEPUMEHTAIILHOIO CTEHIa U 000-
PYJOBaHUS MPHUHATO aHAIOTMYHO OMKUCAHHOMY B pabo-
Te [43]. B Tabn. 1 ykazaHbl KOOpJIUHATHI PACIOJIOXKe-
HUS JTATYMKOB TEMITEpaTyphl B paboueii 00IacTH.

Taxxe ans 00OCHOBaHHSI BBIBOJOB 00 YCIOBHSIX
CO3JIaHMs PETJIAMEHTHBIX TEIUIOBEIX PEKUMOB IIPH pa-
6ote ' mipoBeieH aHAIN3 pacpeaelicHH TeMIepa-
Typ Bo3myxa B BepTukanbHoM ceuernu (0<Y<2,0 m) Ha
paccrostaum 0,2 M ciieBa (X=0,8 M) u cripaBa (X=2,4 M)
ot na”enu (puc. 1). [Ipennonaranocs, 4To B 3TOi 30HE
JIOJDKEH HaXOJUThCS paboTaroImuil.

O0paboTka pe3yIbTaTOB M3MEPESHUI MPOBOJMIACH
nepcoHanbHoi DBM. TumnuuHble npumepsl pacnpese-
JICHUSI TEMIEpPATyp BO BPEMEHH B JBCHAALATH TOUYKaX
oOnactn aHanmu3a (OCIMJUIOTpaMMbl) TMPHBEIEHBI Ha
puc. 2-5. Jlna oOecriedyeHUs] BO3MOXXHOCTH OIICHKH
CIIy4alHBIX OIMMOOK WM3MEPEHU BCE DKCICPUMEHTHI
IIPU TOCTOSHHBIX YCIOBHSAX IMPOBOAMINCH HE MEHEe
Tpex pa3. Ilocie 3TOro pacCUUTHIBAIUCH CPEIHEKBA-
paThdeckre OTKIOHEHHS M COOTBETCTBYIOIIHE KOA(-
¢unmeHTH BapHanuu. B Xome BceX AKCIEPUMEHTOB
3HAYCHUS KOA(PPHUIMCHTOB BAPHAIMH HE TPEBBIIIATN
4 %. Cratuctuieckas o0OpabOTKa pe3yJbTaTOB H3MeE-
peHuit OblIa HeoOXoaMMa H3-3a MOTSHIIMAIBHOTO BITU-
SIHUA Ha TOKa3aHUS HM3MEPHUTEIbHBIX MPUOOPOB He-
00JBIINX OTKJIIOHEHUH OT HOPMHPOBAHHBIX 3HAYECHUI
(haKTOpPOB BTOPOTO W TPETHETO YPOBHEH 3HAYMMOCTH,
TaKUX KaK BJIAXXHOCTh BO3JyXa, NIaBJICHHE W H3MEHe-
HUS TeMIIepaTypbl OKpYXarolleld cpelbl B XOAe M-
TENBHBIX AKCIIEPUMEHTOB. XOTs BIUSAHUE dTHX (PaKTo-
POB SIBISIETCS HE3HAYUTEIHHBIM, COTJIACHO OCHOBHBIM
MPUHILIAIIAM TEOPUU OIIMOOK B JKCIIEPUMEHTAIbHBIX
HCCIIEIOBAHUAX, UX CIIEAyeT YUWUTHIBATh IIPH OIICHKE
JOCTOBEPHOCTH MOJTYIECHHBIX Pe3yIbTaTOB.

Ha puc. 2 mnpuBeneHsl pacrnpefeneHus] MOIHBIX
TEIUIOBBIX TIOTOKOB II0 BEICOTE B IICHTPE CHMMETPHU
30HbI BissHUA [ IW nipu Haymuamu seMeHTa o0opyao-
BaHUs (TIaHENb) B YCIOBHUSIX €CTECTBEHHON M CMeEIllaH-
HOM KOHBEKLIUH.

Ta6auya 1. KoopduHamul pacno/ioxceHusi mepmonap u 0am4uko8 men/a08020 NOMoKa 8 06aacmu usmepeHull

Table 1.

Location coordinates of thermocouples and heat flow sensors in the measurement area

H3MepeHue TemnepaTyp BO3J,

xa/Air temperature measurement

Homepa Tepmomnap o 1 > 3 4 5 6 7 g 9
Thermocouple numbers
X, M/m 0 0 0 0 0 0 0 0 0 0
Z,M/m 0 0 0 0 0 0 0 0 0 0
Y, M/m 0,05 0,4 0,7 0,755 1,0 1,2 1,4 1,6 1,8 2,0

W3mepenue Temnepatyp nosa/Floor temperature measurement

Homepa Tepmomnap 2 3 4 5
Thermocouple numbers

X, M/m 0 -0,2 -0,4 -0,6 -0,8 -1

Z,M/m 0 0 0 0 0 0

Y, Mm/m 0 0 0 0 0 0

H3MepeHnue TemnepaTypbl HIOBEPXHOCTH NaHe/U B 30He BausaHud MU
Measuring the panel surface temperature in the GIH impact zone

Homepa Tepmomnap

Thermocouple numbers v 2 3 i 5
X, M/m 0 -0,3 0,3 0 0,6
7, M/m 0 0 0 0,28 0,28
Y, M/m 0,755 0,755 0,755 0,755 0,755

HW3mepeHue TeIJIOBLIX TOTOKOB B BO3/lyXe Ha OCH CHMMETPHUH 30HbI BauaHusA MU
Measuring the heat flow in the air on the symmetry axis in the GIH impact zone

HomMmepa gaTunkoB

1a 24 34 44 54
Sensor numbers
X, M/m 0 0 0 0 0
Z,M/m 0 0 0 0 0
Y, M/m 0,78 1,0 1,2 1,8 2,0
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Puc. 2. HameHeHUsl ¢ pocmMOM 8peMeHU NOJHbIX MeNn08biX
nomokog 8 pexcume ecmecmeeHHOU (cnaowHble
JAUHUU) U CMewaHHolU (nyHKmupHbule JAUHUU)
KOH@eKYUU npu HAAU4UU NaGHeAU 8 NoMeujeHUuU
Fig. 2. Changes of total heat fluxes under natural (solid

lines) and mixed (dashed lines) convection condi-
tions in the premise with a panel in it with increasing
time

Pe3ynbraThl 3KCIEpUMEHTOB MOKa3bIBAIOT, YTO B
JIByX pacCMaTpUBAEMBIX pPeKUMax KOHBEKILHUH 110 Mepe
OpUOMIDKEHHUST NAaTYNKOB K HW3IYYaTeN0 BEIHIMHA
TEIIOBOTO TIOTOKA () 3HAYUTENHEHO YBEIHMYMBAETCS.
IIpu sTOM BiMSHUE CMEIIaHHON KOHBEKLIUH HA MHTCH-
CHUBHOCTh TEIUIOBOTO IIOTOKAa TAaKXKe BO3pacTaeT ¢
yMeHbIeHueM paccrosaus o I'MA. Hanpumep, ecnu
npu BeicoTe H=1,2 M 0T mosa 3HadyeHHe TEILIOBOTO
MMOTOKa cocTaBisieT okojio 100 BT/MZ, to npu H=1,8 m
(ra 60 cm BeIIIE) =270 Br/M’ (poct B 2,7 pa3a). Ha
paccTosHUSX OT mosa 10 1,2 M (matauku 1g-3q) cMme-
IIaHHas1 KOHBCKIHS MPAKTUYCCKU HC BJIMACT HA BEJIU-
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YUHY TeII0BOro notoka. Jis matumkoB 1q u 2q 3Ha-
YEeHHsI TEIUIOBOTO MOTOKA UASHTHYHBI, JAJIS JaT4uKa 3(,
HaxoJAIIErocs Ha BeicoTe 1,2 M OT moja, pa3HuIa B
JAHHBIX cocTaBiseT Menee 0,5 Br/m? (0,5 %). ITo mepe
npubmmkenus k 'MW BausHUe NpuUTOKa BO3AyXa M3
CHCTEMBI BO3IyXOOOMEHA CTAHOBHUTCS 3HAYUTEIHHBIM,
TEIJIOBOM IMOTOK B TOM CIIydae YMEHBIIACTCS, M Ha
BricoTe 1,8 M q yxe Menpie Ha 25 Br/M® (5,5 %). D10
00yCIIOBIIEHO MHTEHCU(UKAITCH TBHUKEHUS Macc BO3-
IyXa U, COOTBETCTBEHHO, KOHBEKTHBHOI'O TEIIOOOME-
Ha B d3ToH oOnacTy 3a cueT paboTbl MPUTOYHO-
BEITSDKHOM CHCTEMBI BO3AyX000MeHa.

Ha puc. 3 mpuBeneHsl ycTaHOBJIEHHBIE 3KCIEpPHU-
MEHTAIbHO 3aBUCHUMOCTH CKOPOCTU BO3AyXa U 3Hade-
HUS TeMIIepaTyp MO BBICOTE MMOMELIEHUs Ha OCH CHM-
MeTpud 30HbI BiustHUA [ IU ot BpemeHwn.

Okono mosa TMOJ TOPU3OHTAIBHON IaHEeNbIo
(Y=0,01 M) ckopocTh BO3myxa mpu paboTe CHCTEMBI
BO3AyX000MEHa BO3pAcTaeT IO CPaBHEHUIO C PEXU-
MOM €CTECTBEHHOU KoHBeKInH B 2 pa3za (¢ 0,06 10 0,12
M/c), a Ha BeicoTe 2 M — B 2,7 pasza. [Ipurouno-
BEITSDKHASIT BEHTWIALNS WHTCHCH(UIMPYET IBIKCHHE
BO3IyXa B BepxHeW oOnactu 30HBI BimsHus M. B
neHTpe obnactu (Hax maHenblo) obpa3yercss CBOeOO-
pa3Has 3acTOWHasi 30Ha, CKOPOCTh BO3/IyXa B KOTOPOH
cocrasisier 0,003 m/c (munnms 0,755 m, puc. 3, a).

Ha puc. 4 npezncraBieHs! pe3yabTaThl, XapaKTepHU-
3yIOIME M3MEHEHUE TEMIIEpaTyp BO3AyXa C pPOCTOM
BpEMEHH B TOUYKaX PACIIOJIOKEHHUS TEPMOIap Ha OCU
cumMmeTpuu 30Hbl BausHud I mpu nByx pexumax
KOHBEKITUH (CBOOOHOM M CMEIIaHHOM) JIsl CBOOOHO-
T'0 TIOMEIICHHUS U C PacIioiI0KeHHOH B HEM MaHENbIO.
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Puc. 3. H3meHeHUss ¢ meveHueM 6peMeHU 3HA4YeHUlU CKOpocmu 6030dyxa HA pasHblx evicomax (a) u pacnpedesieHus
memnepamyp 6039yxa no koopouHame Y u nogepxHocmu naxeau (Y=0,755 m) Ha ocu cummempuu 30Hbl 8ausHus THHU
(6) 8 pesicume ecmecmeeHHOl (cnaowWHbIE NUHUU) U CMEWAHHOU (NYHKMUPHble AUHUS) KOH8EKYUU

Fig. 3.

Changes over time the values of air velocity at different heights (a) and the air temperatures distributions along the Y

coordinate and the panel surface (Y=0.755 m) on the GIH symmetry axis (b) under natural (solid lines) and mixed

(dashed line) convection conditions
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Puc. 4. HsmeHeHue memnepamyp 8030dyXa ¢ pOCMoOM 8peMeHU 8 MOYKAX PACNO/I0NCEHUS] MepMONap HA OCU CUMMEMPUU 30HbL
eausHus T'MH 8 pexcume ecmecmgeHHOU (Ch/0WHble JAUHUU) U CMEWAHHOU KOHBeKYuu (NyHKMupHbule JAUHUU):
a) nomewjeHue 6e3 060pydosaHusi, 6) naHes1b pacnoi0xiceHd Ha 8bicome 755 mm om noaa

Fig. 4.

Air temperatures change with increasing time at GIH symmetry axis for natural (solid lines) and mixed (dashed line) con-

vection conditions in premise: a) without a panel, b) premise with a panel located at a height of 0.755 m from the floor

PesynmpraTel  SKCHEPHIMEHTOB MOKA3BIBAIOT, UTO
CMelllaHHasi KOHBEKIMA, 00ycJoBleHHas paboToil cu-
CTeM BO3IyXOOOMEHA, MPUBOJUT K IMEPEMEIIUBAHUIO
BO3AYIIHBIX MacC W 0ojiee WHTEHCHBHOMY OXJIaXKIe-
HUIO IOBEPXHOCTH TOPU3OHTAIBLHON TaHenu (Temmepa-
Typa cHmkaercs Ha 7,5 °C, puc. 3, 6), a TakKe BO3ayXxa
(Temmieparypa cHmkaercs Ha 4-5 °C, puc. 4) o cpas-
HEHHIO C PEKUMOM €CTECTBEHHON KOHBEKITHH.

[Ipu 5TOM pasHuIa B 3HAUYCHHUIX TEMIEPaTyphl BO3-
IyXa IUIS PasInHBIX YCIOBHU €ro ABIKCHUS YMECHbB-
maetcs 1o mepe ynanenns or [ U u Ha BeicoTe 0,4 M
oT moJia cocraBisieT yxe 3 °C B cBOOOJHOM TOMeIIIe-
HuM (puc. 4, a) u 1,7 °C B NOMENEHUN C TAHEIBI0
(puc. 4, 6).

IIpuBeneHHble HA pUC. 5 PE3yNIbTaThl WUIIOCTPUPY-
0T HEOJHOPOJTHOCTh TEMIIEPATYPHOTO MOJS B pabodnx
30HaxX Ha pacctosHun 20 CM cIieBa U CIpaBa OT MaHEH.
[epenan t no Beicote (o1 0,2 10 2 M) cocTaBiseT 10 3,5
rpaaycoB Llenbcus. B aTux cedeHmsax (rae mpearmnmolio-

JKUTEBHO JOJDKCH HaXOIWTHCS PAOOTAFOIINI) BIMSHHE
paboThl crcTeMBbI BO3IyX000MEeHa Ha TEMIIepaTypy BO3-
JIyXa y)Ke HE TaK CYIICCTBEHHO (pa3HHUIA TEMIIEPaTyp
He 6ozee 1,1 °C). IIpu 3TOM B OTIIMYHE OT TEMIIEpaTyp
BO3/IyXa HAJ MAaHEJIbI0 HA OCH CUMMETPHHU 30HBI BIIUS-
Hus 'Y, rae 3aMeTHO X CHWXEHHE B pe3yJIbTaTe pa-
OOTBI CHCTEMBl BEHTWIAIWH, 3HAYCHUS TEMIIEPATyp
BO3/yXa CTAHOBSTCS BBIIIIC.

YCTaHOBJIEHHBIH (IOCTATOYHO HEOUYEBHIHBIN) 3(-
(hekT 00yCITOBIJICH, CKOpEe BCETO, TEM, UTO MPUTOYHBIN
OTHOCHUTEIHHO XOJIOIHBIN BO3AYX BOBJIECKAET B MPOIIECC
(hopMupOBaHUS TEIUIOBOTO PEKUMa JIOKaTbHOU pabo-
yell 30HbI BO3AYX, HAXOJSIIMICS HEMOCPEACTBEHHO
BOJIM3W M3ITy4aTeNs U BCICACTBUE TEILTONMPOBOJHOCTH
HarpeThIil 10 oueHb BeicokuX (6omnee 600 °C) Temmnepa-
Typ. PaHee ycraHoBineHo [5], 4TO B peXHUME ecTe-
CTBCHHON KOHBEKIIMH 3Ta TEIUIOTAa OTBOAUTCS dYepe3
MEPEKPEITHE BO BHEIIHIOIO CPELy U MOYTH HE BIHSCT
Ha TEIJIOBOM PEXUM JIOKaJIbHOHU paboydeil 30HBI.
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Puc. 5. HzmeHneHue memnepamyp 6030yXa HA pa3Au4HbIX 8bicomax 8 ceveHusx 200 mm om naHeau caesa (a) u cnpasa (6) 8
pedxcume ecmecmeeHHoU (Cn/I0WHble AUHUU) U CMEWaHHOU (NyHKMuUpHble AUHUU) KOH8EKYUU
Fig. 5. Air temperatures changes at different heights in sections of 0.2 m from the panel to the left (a) and to the right (b) in

the natural (solid lines) and mixed (dashed lines) convection conditions
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YucieHHbIE UCCIeJOBaHUSA

MaremaTHaecKkoe MOAEITHPOBAHIE OCYIIECTBILUIOCH
B paMKax JBYMEpHOro mojaxoaa. PaccmarpuBanack
npsMoyroiibHas obnacts pasmepamu L,=10xL,=4,4 M,
OTPaHWYCHHAS OTPAKIAIOIINMH KOHCTPYKIMSMH TOJ-
muHoi 0,1 M (puc. 6) u AByMs TOPU3OHTATIBHBIMU KOH-
CTPYKTHBHBIMH 3JIEMEHTaMH. Takke B paccMaTpHBac-
MOH 30HE pPAacCIIONOXKEHBI 00JaCTH, COOTBETCTBYIOIIHEC
manydarenmto [N (pa3smepsr Lxge=0,4 M, Lyge=0,05
M), ¥ maHenu (pasmepsl Lxgp=0,6 M, Lyy,=0,04 m). [1o3u-
IMOHUPOBAHUE UCTOYHMKA JTyuucToi sHeprun (['MN) u
TOPU3OHTANBHON MMaHe ! B 3TOH 00JIaCTH OBLIO Ompee-
JICHO B COOTBETCTBHH C HanOoJee pacipOCTPaHCHHBIMHE
BapHaHTAMH WX YCTAHOBKH B PEaJbHBIX HOMEIICHHSIX,
YTO WLITFOCTPUpPYETCS Ha pHc. 1.

Leelting

Y\I‘NI

HO -

O6aacmb peweHnus 3adaqu: 1 - THHU, 2 - [laHenas, 3 -
3oHa npumoka 603dyxa, 4 - 3oHa ommoka 8o3dyxa
Solution area: 1 - GIH, 2 - Horizontal panel, 3 - Air
inlet zone, 4 — Air outlet zone

Koopmunats! (X, Y1) LEHTpa BEpXHEH T'paHUIIBI
MOBEPXHOCTH T'OPU30OHTAIBHOW BBIHOCHOM IIaHEIH,
XapakTepu3yroniei 000pyJoBaHHE, KOTOPOE MOKET
OBITH PACHOJOXKEHO B paboueil 30HE, BapbUPOBANUCH
[0 HampaBlIeHUAM X U y. /laBieHue Bo3Iyxa MPUHATO

a/a

Puc. 7.
g03dyxa 2-10-*ke/(cM3)
Fig. 7.
2-10-*kg/(s-m3)

n3BecTHOM BennunHoil Py;=0,1 MIla u He HU3MEHSIIOCH
BO Bceil oOyiacTu peuieHus co BpeMeHeM. llpu moze-
JIMPOBAaHUM TEIUIONEPEHOCa U3JIyYEHHUEM BO3IYyX CUH-
Tajca AMATEPMUYHON Cpeloil, a Bce IOBEPXHOCTHU
(cren, mona, moronka, [ u obopymoBaHusi) — He-
MPO3paYHBIMU CepbIMHU. J[JIs1 pemieHrs MOCTaBICHHON
3ala4y UCIOJIb3YeTCs] MaTeMaTHUYecKasi MOJAEIb, UIECH-
TUYHas OTMCAHHOH B paboTax [43, 44].

[Iepen HayamoM MaTeMaTHUYECKOTO MOAEIMPOBAHUS
TeruIoMaccornepeHoca Oblla IpoBeIeHa MpoBepKa (u-
3UYECKOM aJIeKBaTHOCTH 3a[a4yd. DTO OCYILIECTBIISIOCH
yepe3 COMOCTABICHUE PE3yJIbTaTOB YUCIEHHOI'O MOJe-
JIMPOBaHUS C JaHHBIMH, IOIYYE€HHBIMU B XOJI€ JKCIIE-
PYMEHTaNBHBIX UCCleN0BaHuil. JlOCTUTHYTOE XOpoIiee
COOTBETCTBUE MEKIY (PH3MYCCKHM U MATEMATHICCKUM
MOJIETIMPOBAHUEM JaJI0 BO3MOXHOCTb IPUMEHSTH BBI-
OpaHHYI0 MOJIENb ISl aHAJIM3a BO3JCHCTBUS BO3ILYyXO-
oOMEHa Ha TeMIIepaTypbl B JIOKATbHOM pabodeil 30He,
Haxogdamencs o simsaneMm [ MU

Ha puc. 7, 8 npencraBieHs! OTy4YeHHBIE TIPA YHCIICH-
HOM peIlIeHHH BbIe cHOPMYITMPOBAHHOM 3a1a4y TIOJA
TEMIEpaTyp U CKOPOCTEH BO3IyXa Ul IOMELIEHHs, CBO-
0OTHOTO OT 00OPYIOBaHHUS U TIPH €T0 HATMYKK. Pe3yibTra-
ThI MIPENICTABIIEHBI [Tl MOMEHTa BpeMeHH =00 MUH, KaK 1
B ClIy4yae 3KCIEpPUMEHTaJbHBIX HccienoBaHuil. Ilpurok
Bosmyxa ¢ pacxogom 2:10* kr/(c:m®) coorsercrBoBan
YCIIOBUSIM MTPOBENIEHHBIX SKCIIEPUMEHTOB.

Ha puc. 7, a u 8, a xopo1ro 3aMeTHO, 9TO MPOTPEB
CIIOEB BO3[yXa BOJM3M HIDKHEH Orpa)KIarolieil KOH-
CTPYKILIMHU OCYILIECTBIISIETCS 32 CUET Mepeiadu TeIuia OT
HarpeBatomerocsa m3nydennem ['MIA nona. Temmnepary-
pa Ha rpaHMLEe pa3feia Cpel «HIKHSS OrpaxKaaroiias
KOHCTPYKIIMSI — BO3LyX» IOBBIIIaeTcs K 60 MUHYyTE pa-
6ote1 ' 1o 9 °C (puc. 7, a). [lyig BapuaHTa ¢ HaJIM4H-
€M TaHeJd B IIOMEIIEHUHM TEMIIEPATYypPHbIH PEXUM
(puc. 8, @) u cTpyKTypa TeueHus Bo3ayxa (puc. 8, 6)
MeHsIOTCSl. B paccMaTpuBaeMoM ciiydae maHelb pacio-
Jarajiach Ha BbIcOTe Y1,=755 MM C IICHTpPOM Ha TPOCK-
i ocu cummetpur TN (XTh=6415 mm).
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TemnepamypHoe nose (a) u auHuu moka (6) 8 c60600HOM noMeweHUU 8 pexcume CMewaHHol KOH8eKYuu npu pacxoode

Temperature field (a) and streamlines (b) in a free premise in the mixed convection condition with air flow rate of
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a/a o/
Puc. 8. TemnepamypHoe nose (a) u.auHuu moka (6) 8 noMewjeHuU ¢ NaHEAbK, PACNON0HCEHHOU Ha 8bicome 755 mm om noaa 8
pesicume cMewaHHoll KoHgeKyuu npu pacxode 8o3dyxa 2 -10-* kz/(c-.m3)
Fig. 8. Temperature field (a) and streamlines (b) in a premise with a panel located at a height of 0.755 m from the floor in

mixed convection condition with air flow rate of 2-10-* kg/(s-m3)

Hannune naxe HeOoipIMX (pa3Mep 1O KOOpIHHA-
Te X cocraBuser 60 cM) 3JeMEHTOB 00OpYyIOBaHUS
BHOCHUT M3MEHCHHUE B TEMIICPATYPHBIC TIOJIS U CTPYKTY-
py ABMXEHUS Bo3ayxa (puc. 8). Takke HarpeBasch MoJx
nerictBueM TerioBoro mimydenus ot MU, ropuson-
TaJbHas MaHeb MPUBOJMT K MOBBIIICHUIO TEMIIEpaTy-
pet Ha 2,5 °C B BepxHeit (Y ot 755 mo 2000 mm) obna-
CTH JIOKaJIbHOH pabGouedl 30HBI. ['OpH3OHTaNBbHAS IMa-
HEJb BEIMOJTHACT POJb SKPaHa [0 OTHOIICHHIO K IOy,
OCHOBHO¥! TEIJIOBOH MOTOK NMPHUXOIUTCS Ha e€ IoBepX-
HOCTB, B pe3yJbTaTe IMPOUCXOIUT IPOTPEB IIOBEPXHO-
ctu a"enu Jo 14,5 °C (puc. 9, 6). Hang nanensio dop-
Mupyercst 30Ha Harperoro 10 9,2 °C  Bo3gyxa
(puc. 8, a), KOTOpBIH JOCTATOYHO UHTEHCUBHO (CO CKO-
pocThio 25 MM/c) TogHEMAaETCs BBEPX (pHc. 8, 6).

OO6nacTp MOJ MAaHENbI0 MPAKTHYECKH HE WCTIBITHIBA-
€T HarpeBa (puc. 8, @), TOCKOJbKY TEMIOBOE U3IydeHHUE
ot ' He nocturaer moBepXHOCTH nona. TemiepaTrypa

B 3TOM 30HE yBENWYMBaeTCA Onaroiapsi IPUTOKY Harpe-
TBIX MacC M3 COCETHHUX oOJiacTel (crpaBa | cJeBa), 4To
MPOUCXOANT 32 CYET OOpa30BaBIIMXCA LUPKYJISAIUOH-
HBIX TCUCHUH ¢ HU3KOW HMHTCHCUBHOCTEIO.

Ha puc. 9 npencrasiens! pacipeneneHus TeMiepa-
Typ O BBICOTE MOMEIIEHUS HA OCH CUMMETPUHU 30HBI
BiustHusA YW npu Hanmmuuu naHenu u 0e3 Heé, ycTa-
HOBJICHHBIC HKCIIEPHMEHTAIEHO U B pe3ylbTaTe MaTe-
MaTHYECKOTO MOJECITUPOBAHUSL.

OTKJIOHEHHE 3HAYEHUI TeMmmepaTyp, MOITYYeHHBIX
MIPY MOJICITUPOBAHUH ¥ B dKCIepuMeHTax (puc. 11), He
npeBbmaoT 2 °C, 9TO TO3BONSET CAENATh BBIBOJ O
MPUMEHUMOCTH CO3[JaHHON MaTeMaTHYeCKOW MOJeNn
VI JAIBHEHUIINX HCCIIENOBAHUM W OIEHKU BIIMSHUS
Pa3IHYHBIX MapaMeTpPoOB PabOThI CHCTEMBI BO3IYyX000-
ME€Ha ¥ MECTOPACIONONKEHHUsI 000PYOBaHUS HA CTPYK-
TYpy HEPEMENIEHUS BO3JyXa M TEIIOBLIX IIOTOKOB B
MTOMEIIICHUH.
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Puc. 9. PacnpedeneHue skcnepumeHmanbHbuix (1) u meopemuyeckux (2) 3HaveHull memnepamypbl 803dyxa no koopduHame Y
Ha ocu cummempuu 30Hbl eausiHusg THH (t=60 munym): a) ceo6odHoe nomeujeHue, 6) naHenv (obopydosaHue)
pacnoJiodxceHa Ha gvicome 755 MM om noaa
Fig. 9. Distribution of experimental (1) and theoretical (2) air temperature values along the Y coordinate on the GIH sym-

metry axis (t=60 minutes): a) premise without a panel, b) premise with a panel (equipment) located at a height of
0.755 m from the floor

179



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2025.V. 336. 2. P. 172-189
Borisov B.V. et al. Impact of the air exchange system on temperature conditions of the local working area of a large-sized ...

Pe3y/IbTaThl YUCJIEHHOTO MO/ e/TUPOBAHUS

Hcxonst n3 tpebGoBanmii MPpaKTUKKA HEOOXOUM aHa-
T3 BIIMAHUS MHTEHCHUBHOCTH MPUTOKA BO3IYyXa U3 CH-
CTEeMBI BO3AyXO00OMEHAa Ha TeMIIEpaTypHBIC OIS H
TI0JISI CKOPOCTEH.

AHanmu3 pe3ylbTaTOB YHCIICHHOTO MOJAEIUPOBAHUS
MOKa3bIBaeT, 4Tto K 60-0if MHUHYTE CO BpPEMEHM Hadasia
pabotel 'MW B mioMellieHHN yCcTaHABIMBASTCS KBa3HUCTa-
LMOHAPHBIN PEXKUM, KOTOPBIA XapaKTepU3yeTcsl MeJlJIeH-
HBIM U3MEHEHUEM TeMIIEpaTyp U CKOPOCTEH MOTOKa BO3-
Ilyxa BO BCcel 00acTu pemieHns. MOMEHT BpeMEHH BBI-
XOlla Ha TaKOW PEKMM U ObLT BBIOpaH JUIS BCEX WILTIO-
ctpaumii. [1ockoIbKY K OCHOBHBIM XapaKTepHCTHKAM IIPpU
OIIEHKEe MUKPOKIIMMATa, KaK B JIOKATLHOH paboueli 30He,
TaK W BO BCEM IOMEIICHNH, OTHOCSITCS TEMIIEpaTyphbl U
CKOpOCTH TiepeMmelieHust Bozayxa [7—10], mpoBommics
aHaJIM3 TEMITEPATYPHBIX MOJIEH 1 MOJIEH CKOPOCTEH.

Ha puc. 10—15 npencraBieHs THIUYHBIE PE3yIbTa-
Thl MaTEMAaTUYECKOT'0 MOJETUPOBAHU Ipoliecca Ter-
JorepeHoca B nmomemnieHun npu pabore MU ans nyx
BapHaHTOB: PabOTHl CHUCTEMBI BO3AyXooOMeHa (cMe-
[IaHHAs KOHBEKIIMA) U B YCJIOBUAX €CTECTBEHHOW KOH-
BekIMU. TemrepaTypHble MOJNS W TOJNSA CKOpOCTeH
IBIDKEHHS BO3IyXa B YCIOBHSAX CMEIIAHHOW KOHBEK-
uuu (IPUTOKA OTHOCHTENBHO XOJOJHOTO BO3[yXa) MO-
Ka3aHbl TPU YCJIOBUU DPACIOJIOKEHUS B TOMEIICHUH
TaHeJId Ha BBICOTe 755 MM oT moJja (Ooyiee mpakThyie-
CKM 3HAYMMBIA BapHaHT), HO IPH Pa3HBIX pacxoiax
BO3/lyXa U3 CUCTEMBI BO3AyX000MeHa.

Hcxonnsie naHHbIE T OCHOBHBIX BapHAHTOB IIpel-
cTaBieHbl B Ta0um. 2. [Ipu Hanu4uy B pacueTax TOPH30H-
TaJIBHOM MaHEeN! MOCIeTHs pachoiarajach CTpOro moj
' ¢ coBnagenunem oceit cummerpun. 1Ipu mpoene-
HUH YUCIICHHOTO MOZEIUPOBAHUS UCIIOIH30BAIICH ClIe-
IIYIOIIE 3HAYCHUS] XapaKTepHBIX TEMIIepaTyp: Hadajlb-
Hasl TemIepaTypa B momereHuu — 7/ °C; TemmepaTypa
m3ny4atonierd moepxuoctu ['MU — 800 °C; Temnepary-
pa Ha BXo/ie MPUTOYHOU BeHTWIIAIUH — 7 °C,;

Ta6auya 2. Bapuahmel paciemos8 npu Haauyuu (omcym-
cmeuu) 20pu3oHmMa/abHOU haveau 8 paccmam-
pusaemoll 06aacmu U 8eAUHUH MACCOBbIX paAC-
X0008 8030yxa

Table 2. Calculation options with (without) a horizontal
panel in the considered area and the values of air

mass flow rates

Hann4ue nanesn Pacxog Bo3ayxa, Homep
Availability kr/(c-m3) pHUCYHKa
of the panel Air flow, kg/(s-m3) Figure number

[lanesb oTCYyTCTBYET 79
No panel 2.10-4 ’
8,9
0 10
[laHesb 1-10-4 11,16-20
MPUCYTCTBYET 2-10+4 12,16-20
Panel available 11-10-4 13,16-20
22-10* 14,16-20
33-104 15-20

Puc. 10, 11 xapakTepu3yrOT MPOIECC TEILIONEPESHO-
ca B nmoMeteHuu npu padore I'MM ans nByx BapuaH-
TOB: PabOTHI CHUCTEMBI BO3AyXO0OOMeHa (CMeIlaHHas
KOHBEKITUS, pUC. 11) U B yCIOBHUSIX €CTECTBEHHON KOH-
Bekuuu (puc. 10). s OLEHKH BIUSHUS TEPMOTPaBU-
TAI[MOHHOW M BBIHY)KJCHHOM KOHBEKLIMH HCIIOJIBH30Ba-
HO uucio Puuapacona Ri=Gr/Re’ [10]. Ectp onpene-
JeHHas mpo0seMa B IaHHOM Cily4yae Ipu BbIOOpe Mac-
MTAOHBIX BEJIMYWH JJISl BBIYMCIICHUS 3HAYCHUN YHUCell
I'pacrodda (Gr) u Peiinonpiaca (Re). x ananus mpo-
BOJIWJICS] C MCIIOJIb30BAaHUEM CJIEAYIOMIMX MapaMeTpoB:
MaKCHMAJIBHOE 3HauU€HHE TEeMIICpaTypHOI0 Harmopa HaJ
TOPU30HTANBGHON IIaHENBIO, IIMPHHA IIOMEIICHUS ¢
CpeaHe-pacXofHasi CKOPOCTh MPUTOKA BO3AyXa B IO-
MEILEHUN U3 CHUCTEMBI BO3yX000MeHa. Y CTaHOBJICHO,
910 TIpU POPMUPOBAHUH HAMIPABICHUI U WHTEHCHBHO-
CTH ABIDKCHHUS BO3IYIIHBIX Macc mpu Ri>>1 cyme-
CTBCHHOE 3HAYCHUE OKAa3bIBAIOT TEPMOTPABUTAIIMOH-
HBIC TIOTOKH.

Vv, M t,°Cy, M _ U, mv/c
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Puc. 10. I[lone memnepamyp (a) u auHuu moka (6) 045 obaacmu ¢ haHeavblo npu gvicome eé pacnoaoxceHus Ym=755 mm 6

pejxcume ecmecmeeHHoU KOHseKyuu

Fig. 10. Temperature field (a) and streamlines (b) for the area with a panel at the height of its location Y1,=0.755 m under nat-

ural convection conditions
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Puc. 11. Ilone memnepamyp (a) u auHuu moka (6) das obaacmu ¢ naHeavto (koopdunHamut X1p=1600 mm u Y1n=755 mm) 6
pesicume cMewaHHoll KoHgeKyuu npu pacxode 80o3dyxa 1-10-* kz/(c-.m3)

Fig. 11. Temperature field (a) and streamlines (b) for the area with a panel at the height of its location Y1,=0,755 m under
mixed convection conditions with air flow rate of 1-10~* kg/(s-m3)

Anam3 pe3ynbTaTos prc. 10, 11 okaspIBaeT, 9to pado-
Ta CHCTEMBI BO3IyXOO0OMEHA CYIIIECTBEHHO M3MEHSCT TCM-
MepaTypHOE TOJIC ¥ HAIPABJICHHS TIOTOKOB BO3MyXa. OTHO-
CHUTENHHO XOJIOMHBIN BO3MYX BHEIIHEW CPe/Ibl 3HATUTEIIHHO
(B cpemaeM Ha 10 °C) TIOHWKAeT TeMITepaTypy BO3Iyxa B
BepxHeil 30He nomerteHus (Ha ypopHe Y=4 M, puc. 10, a u
11, a). Ho B obacTsX Ha ypoBHE pocTa paboTAIOIIETO BITH-
SIHHE CUCTEMBI BO3ITyX000MEHa HE3HAUMTENLHO (HarprMeD,
B ceueHnr X=1 M Ha BbicoTe Y=2 M 3Ha4YeHHUs TeMIIepaTyp
coctaBisitoT 13,1 u 12,5 °C). ITpuTok 0OTHOCUTENIHHO XOJO-
HOTO BO3/IyXa M3 CHCTEMBI BO3IyX000MEHa YCHINBACT IUP-
KYJIIIIHIO BO3yXa BO BCEM MOMEIICHHN U JIOKAJIBLHOM 30HE
BOMmM3M manen (puc. 10, 6 u 11, 6).

[Ipu Mayoii MHTEHCHBHOCTH BO3JyX0OOMEHa (pac-
X0 IO 2.107* KF/C~M3) 0oJiee XOMOIHBIA BO3YX U3 CH-
CTeMBI BO3IyX000MeHa TiepBbie 1,5-2,0 M IBHXKeTCS C
ykiorHoM BHU3 (puc. 11, 12), mocTteneHHO mporpeBasch
OT BOCXO/IAIINX TTOTOKOB. 3HAYUTENBHO O0Jiee CHIIbHOE
BIUSHUE TEPMOTPAaBUTAMOHHOTO BO3ICUCTBUA Ha
THAPOIUHAMUYECKYI0 KapTHHY, YeM BEIHYKICHHOU
KOHBEKIMU (TIOTOKa XOJOJHOTO BO31yXa), MOATBEp-

JKaaer oneHka unciaa Puuapacona (Ri=755), ompene-
JISIEMOTO TI0 Cpe/IHe-PacXOJHOM CKOPOCTH BTEKaHUS,
MaKCHMaJBHOTO IeperpeBa Bo3lyxa B paioHe MaHeln
1 TIOIEPEYHOT0 XapaKTEPHOTO pa3Mepa.

B sToMm pexume TemnmooOMeHa TPH OTHOCHUTEIHHO
Manbix pacxomax (110 u 2107 Kr/c~M3) HarpeThie
Han 'MW maccel raza yoaisroTcs 4epe3 CUCTEMY BEH-
THJISILIAY, YTO CYILECTBEHHO MOHIKAET CPEITHIOI TeM-
nepatypy IOMEIIeHHs, YIydliaeT BO3AyXO00OMEeH, HO
HE OKa3bIBACT 3aMETHOTO BIMSHUS HAa TEMIIEPATYpPHBIN
PEXUM JOKaNbHON paboueif 30HbI.

Ha puc. 13 npezcraBieHsl pe3yibTathl, MOITy4YeHHbIE
s pacxona Bosayxa 11:107 kr/(c-m®). ®opmupyercs
OOLIMPHBIM IUPKYSIIHOHHBIA BUXph MO Bcel 00IacTu
uccnenoanus (puc. 13). Harpersrii Bo3ayx U3 BepXHHUX
CIIOCB TIOMEIICHHS TIePeMeIaeTCs] HEMOCPEACTBEHHO B
pabouyro 30Hy BOMM3M MaHenu. B pe3ynbrare Temmepa-
Typa B cedeHMH X=1 M mpu Y=2 M JOCTHracT Yyxe
18,9 °C (puc. 13, @), 9TO BBIIIE OCHOBHOTO PaccCMaTpHBa-
€MOro B 3KCIIepuMEeHTe BapuaHTa (puc. 12, a) va 7,1 °C.

U, Mmm/c
80

a/a

Puc. 12. I[lone memnepamyp (a) u auHuu moka (6) 045 o6aacmu ¢ naveavto (KoopouHamot Xrp=1600 MM u Y1p=755 mm) 8
pesicume cMewaHHol KoHeeKyuu npu pacxode 8o3dyxa 2 -10-4* kz/(c-m3)

Fig. 12. Temperature field (a) and streamlines (b) for the area with the panel at the height of its location Y1,=0.755 m under
mixed convection conditions with air flow rate of 2-10~* kg/(s-m3)
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Puc. 13. [lone memnepamyp (a) u auHuu moka (6) das obaacmu ¢ naHeavto (koopdunHamut X1p=1600 mm u Y1,=755 mm) 6
pesicume cMewaHHoll KoHgekyuu npu pacxode 8osdyxa 11-10-* ke/(cm3)

Fig. 13. Temperature field (a) and streamlines (b) for the area with the panel at the height of its location Yr»=0.755 m under
mixed convection conditions with air flow rate of 11-10- kg/(s'm3)

IIpu pacxone 1110 I(F/(C-Ms), YTO COOTBETCTBYET
Ri~7,5, BnusHue BBIHYKIEHHON KOHBEKI[UH CTAHOBHUT-
cs1 npeBanupyromuM (puc. 13). TIoTok OTHOCHTEIHHO
XOJIOZHOTO BO3/yXa BHEIIHEH cpensl (GopMHpPYET pas-
BUTOE LIUPKYISAIHUOHHOE TeueHue (puc. 13, 6) u noHu-
JKaeT OOIIyI0 TeMIIepaTypy BO3IyXa, BO MHOTOM IIO-
JABIISIST TEPMOTPABUTALMOHHYIO KOHBEKIIHIO OT cllabo-
MPOTPEBAIOIINXCS CTEH M T10JIa, HO YBEJIUYMBALT CPe/l-
HIOIO TeMIIepaTypy B JIOKaJbHOW pabodeil 30He (pwc.
13, a). B aTOM ciydae TemiepaTypa Hal IOBEPXHO-
cThi0 00OpymoBaHMs yBenuuuBaercs 1o 31 °C. B pa-
6oueii 30H€ (20 cM) creBa u crpaBa OT MaHeIW 3Have-
HUSI TEMIIEpaTyp Takxke yBenuuuBaroTcs (puc. 13, a),
YTO CcHocoOCTBYeT (opMHUpOBaHHUIO Oosiee KOMQOPT-
HBIX YCJIOBUI pabOTHI (MUKPOKINMATA).

JanbHeidmee  yBeNMYEHHE  pacxoja  BO3AyXa
(2210, 33-10* kr/(c-M°)) He mpuBOaMT K MacTab-
HBIM HW3MCHEHHSM IMPKYISAIAOHHBIX TEUYCHWH B WC-
creyemoit obnactu (puc. 14, 15).

JIBrmxeHue B pexuMe CMEIIaHHOW KOHBEKLUHU BO3-
OYUIHBIX Macc, KOTOpPOE€ TJIaBHBIM 00pa3oM SBIISAETCS
MPUYMHON (HOPMUPOBAHUS TEMIEPATYpHOTO TOJS B
JIOKAJILHOW paboueil obiacTu, xapakTepHu3yeTcs BOC-
XOISIIMMHA ITOTOKaMH HArpeToro BO3AyXa OT IOBEpPX-
HOCTEH, Ha KOTOpbIe MPUXOAUTCS OCHOBHAs NOJIS JTy-
YHCTBHIX TIOTOKOB TETUIOTHI, M HUCXOISIIUMHE IIOTOKAMH
MeHee HarpeToro Bo3ayxa. KpoMe Toro, Ha 3TH HOTOKH
BIUSIET TPUTOK OTHOCUTEIHHO XOJOAHOTO BO3/yXa,
KOTOPBIN JABMKETCS MO WHEPIIMU BIIPaBO, HO MO ICH-
CTBHEM TIpaBHTAIMH (MMesi OoJiee HU3KYIO TeMIlepaTy-
py) ¥ BHH3. DTOT MOTOK CYIIECTBEHHO H3MEHSET pe-
IIUPKYJSIIMOHHOE JIBIDKEHHE B 0bnactu Mexny U u
TOPU30HTAIBHON MaHENBIO.

BrnusHue WHTEHCHBHOCTH TPHUTOKAa BO3JAyXa Ha
pacnpeneneHusi TeMIepaTypbl TOBEPXHOCTH TOPU30H-
TaJbHOI MaHeNu U TeMIIepaTyphl BO3AyXa IO BBICOTE
Ha ocu cumMeTrpuu 'Y uimoctpupyer puc. 14.
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Puc. 14. Ilone memnepamyp (a) u auHuu moka (6) 011 obaacmu ¢ naveawvio (koopduname! Xrp=1600 mm u Yrp=755 mm) 8
pescume cMewaHHol KoHeeKyuu npu pacxode gozdyxa 22 -10~* ke/(c-m3)

Fig. 14. Temperature field (a) and streamlines (b) for the area with the panel at the height of its location Yr»=0.755 m under
mixed convection condition with air flow rate of 22-10-* kg/(s-m3)
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Puc. 15. I[lone memnepamyp (a) u auHuu moka (6) 045 o6aacmu ¢ naveavto (kKoopouHamot Xrp=1600 mMm u Y1p=755 mm) 8
pesicume cMewaHHoll KoHgekyuu npu pacxode gosdyxa 33010-* ke/(c-m3)

Fig. 15. Temperature field (a) and streamlines (b) for the area with the panel at the height of its location Y15=0.755 m under
mixed convection condition with air flow rate of 33-10-* kg/(s*m3)
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Puc. 16. Pacnpedenernue memnepamyp no koopduHame Y Ha ocu cummempuu T'MH (a) u nosepxHocmu naHeau (6) npu
Yrp=755 MM 6 pexcume ecmecmeenHoll (1) u cmewaHHOU KOHBEKYUU npu pasAu4HbuIX pacxodax eosdyxa, kz/(cwm3):
2)110-43)6-104 4)11-10-4 5)22-10-4 6) 33104

Fig. 16. Temperature distribution along the Y coordinate on the GIH symmetry axis (a) and the panel surface (b) at
Yrb=0.755 m under natural (1) and mixed convection conditions at various air flow rates, kg/(s-m3): 2) 1-10-4, 3) 6-10-4,
4) 11104 5) 22104 6) 33-10-*
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Puc. 17. PacnpedeneHuss memnepamyp no koopouHame Y Ha paccmosiHusx 200 mm om naHeau caeea (a) u cnpasa(6) npu
YTb=755 mm 8 pesxcume ecmecmseHHOU (1) u cMewaHHOU KOHBeKYUU Npu pasAuvHblX pacxodax eo3dyxa kz/(c.m3):
2)11043) 6104 4) 11104 5) 22104 6) 3310+

Fig. 17. Temperature distributions along the Y coordinate at distances of 0.2 m from the panel on the left (a) and right (b) at
Y1=0.755 m under natural (1) and mixed convection conditions at various air flow rates, kg/(s-m3): 2) 1-10-4 3) 6104,
4)11-104 5)22-104 6) 33-10-*
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V3meneHne pexxnMa KOHBEKIMH OKa3bIBaeT BIIHSI-
HHE M Ha TEIUIOOOMEH C TOPU3OHTAIBHON MaHEeNbIo,
YTO COIPOBOXKAAETCS, COOTBETCTBEHHO, W3MEHEHHEM
pacnperneneHusl TemIlepatyp Hajg ee ITOBEPXHOCTHIO
(puc. 16, 6). AHanu3 pe3ynbTaToB, NPEICTaBICHHBIX
Ha puc. 14, naeT ocHOBaHME ISl BBIBOJIA, YTO /IO pac-
X0/la BO3AyXa 4Yepe3 MPUTOYHYIO BEHTIIALHMIO B
210" KF/(C'M3) OXJIAXKJICHUE TIOBEPXHOCTH TTaHEIH
OCYIIECTBIISIETCS. B OCHOBHOM 3a CYET TepMOTpPaBHTa-
[IMOHHOW KOHBEKIIMH, KOTOopas (pOpMHpYeT pacmpese-
JICHUE TeMIIepaTyp.

Ipu pacxonax Bosmyxa zo 6-107 xr/(c-m®) u3 cu-
CTeMBI BO3JyX000MeHa Iieperaj TeMIlepaTypbl BO31y-
Xa IO BBICOTE JIOKAIBHOM 30HBI COCTaBIIsET He Oolee
3 °C (puc. 17). Ilpu yBenmueHUH pacxosa LUPKYIIIH-
OHHOTO BO3/yXa Iepenaj TeMIepaTyp MO BBICOTE Xa-
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paKkTepU3yeTCs 3HAUYUTEIBHBIM MAKCUMYMOM IIpU
Y=1M, 4TO CBA3aHO C MPUTOKOM HArpeThIX Macc BO3-
Iyxa B 3Ty o0sacth (puc. 13—15), mepenaa remmnepary-
pHI 110 BeIcoTe yBenuuuBaercs o 11 °C. B pesynbrare
MOCTYIUIEHUS. HarpeToro BO3JyXa B JOKAJIBHYIO 30HY
BOJIM3M MaHENN yBEIWYMBAeTCA CPeNHsA TeMIeparypa
Bo3ayxa B Hed (puc. 18). CKopocTh IBWKEHHUS BO3-
JYIIHBIX MacC B JIOKaJBHBIX 00JIACTAX TaK)Ke YBEIUYH-
BAeTCs C POCTOM Pacxoja BO3LyXa M3 CHCTEMbI BO3MIY-
xoo0MeHa (puc. 19).

AHanu3 pe3ysbTaToB, NpeACTaBIeHHbIX Ha puc. 20,
a, TIO3BOJISIET CAENATh BBIBOA O 3aKOHOMEPHOCTSIX M3-
MEHEHHS CpeJHEl TeMIIepaTyphl BO3LyXa B JIOKATbHBIX
pabo4nx 30HAX cjeBa M CIIpaBa OT T'OPHU30HTAIBHOM
MaHEIH B 3aBUCUMOCTHU OT PacXo/a BO31yXa B CUCTEME
BO3yX00OMEHa.
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Puc. 18. H3zmeHeHUue cpedHell memnepamypsl 8030yXad 8 J0KA/AbHbIX 30HAX (0<Y<2 M) Ha paccmosiHuu 40 cM om naHeau
caesa (a) u cnpasa (6) 8o 8pemeHU npu pasAu4HbIX pacxodax 8o3dyxa, ke/(cm3): 1) 0; 2) 1-10-4 3) 6-10-4 4) 11-10-4,
5)17-10-4 6) 22-10-4,7) 27-10-% 8) 33-10-*
Fig. 18. Average air temperature in local working air change (0<Y<2 m) at a distance of 0.4 m from the panel on the left (a) and
right (b) in time at different air flow rates, kg/(ssm3): 1) 0, 1) 0; 2) 1-10-4, 3) 6-10-4 4) 11-10-4, 5) 17104 6) 22-10-4,

7) 27104 8) 33-104
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Puc. 19. H3meHeHue cpedHell ckopocmu 603dyxa 8 0KA/NbHbIX 30Hax (0<Y<2 m) Ha paccmosinuu 40 cm om naHeau caega (a) u
cnpasa (6) 80 8pemeHu, npu pasAuyHbIX pacxodax o3dyxa, ke/(cm3): 1) 0; 2) 1-10-4, 3) 6-10-4 4) 11-10-4 5) 17-10-%,
6) 22104, 7)27-10-4 8) 33-10~*
Fig. 19. Average air velocity in local working air change (0<Y<2 m) at a distance of 0.4 m from the panel on the left (a) and
right (b) in time at different air flow rates, kg/(ssm3): 1) 0; 2) 1-10-%, 3) 6-10-4 4) 11-10-% 5) 17104 6) 22-10+4,
7) 27104 8) 33104
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Puc. 20. 3asucumocms cpedHell memnepamypeol (a) u ckopocmu (6) 803dyxa 8 A0Ka/1bHbIX 30HaX (0<Y<2 M) Ha paccmosiHuu
40 cm om naHenau caesa (1) u cnpasa (2) 6 momenm epemeru 60 MuH om pacxoda 803dyxa

Fig. 20. Dependence of the average temperature (a) and velocity (b) of air on the air flow in local working area (0<Y<2 m) at a
distance of 0.4 m from the panel on the left (1) and right (2) at a time of 60 min

[Ipu moBBIIIEHNH pacxona BO3AyXa CHCTEMBI BO3-
IyXO0OOMEHA YBEIMYMBACTCS CpEeNHSIS TeMIlepaTypa
BO3/lyXa B JIOKAJIBHBIX PabOUMX 30HAX ClIEBa U CIIpaBa
OT MaHemu. DTO CBA3aHO C TEM, UTO CPETHSSI CKOPOCTh
BO3AyXa B HCCIEAyeMOW OONacTH YBEIUINBACTCS
(puc. 20, 6), MHTEHCHULUUPYIOTCA LUPKYISIUOHHEIC
TedeHus U Harperelid [ TIM B BepxHeEl yacTu nomeltie-
HUS BO3IyX IEpEeMEIIaeTCs BHU3, IEPEMEIINBASACEH TIPU
TOM C MEHEe HarperThiM, Iepenaj TeMIepaTyphl 110
BBICOTE€ YMEHBIIIAETCS, a CPEIHSS TeMIIepaTypa BO3Iy-
Xa B JIOKaJbHOW paboyel 30HE YBEINYHBACTCS
(puc. 20, a). Ilpu pacxone BO3AyXxa uepe3 CUCTEMY
BeHTwIMK okono 22107 kr/(c-m®) yeranasmuBaercs
MaKCHMAaJIbHO ITOCTIDKAMAs CpeAHss TeMIeparypa B
JoKaJbHOU paboueit 30He (puc. 20, a). B sTom ciyyae
BO3ayX, Harpeteli oT ' 3a cuer ero yHoca OCHOB-
HBIM XOJIOOHBIM TIOTOKOM BO3[IyXa, BBIXOAAIIETO W3
MPUTOYHOTO KaHajla BO3yXOOOMEHHOM CHCTEMBI, HAXO0-
JIAUIMACA B BEPXHEW YacTH MOMEUIEHMS], IEpEMEILAETCS
HETIOCPEACTBEHHO B PAaCCMATPUBACMYIO JIOKAIBHYIO
30HY (puc. 14). JlanbHeiilliee MOBBIIEHHE pacxoia B
cucrteMe Bo3nyxooOMmeHna mpuBomuT (puc. 20, a) x
YMEHBIICHUIO TEMIEpaTypsl BO3AyXa B IOMEIICHUH
BCJIC/ICTBHE YBEJIMYCHUS MPUTOKA MAacC XOJOIHOTO
(Hapy»XHOT0) BO3yXa U3 CUCTEMBI BO3LyX00OMEHa.

CTouT OTMETUTh, YTO CKOPOCTH [BUXKEHHS BO3-
IYIIHBIX Macc B OOJACTH PacIOiIOKeHUs padoTarole-
ro HaXoIsATCA B Ipenenax, ycraHoBieHHbIXx EN-16798.
Ha ocHoBanum ananmsa pe3ynbratoB (puc. 20) MOXKHO
cenaTb 000OCHOBAaHHBIN BBIBOJ O BOSMOXKHOCTH BITHS-
HUSI HA MUKPOKJIMMAT JIOKAJIBHBIX pabouux 30H IyTeM
PEryIMpOBaHMS PACcX0/la CHCTEMBI BO3yX000MEHA.

3ak/iroueHue

[To pe3ynpraraMm 3KCHEPUMEHTAIBHOTO U TEOPETHU-
YECKOr0 M3y4EHUsl MPOLECCOB IEpEeHOoca Temia B JIO-
KaJIbBHBIX pa60q1/1x 30HaxX IIOMCUICHUA HpI/I COBMC‘CTHOI71

pabote razoBoro HH(paKpPacHOro H3Iy4aTeias M CH-
CTEMBI BO3yX000MEHa YCTaHOBIICHO, YTO PEKUM KOH-
BEKTHUBHOTO TEIUIOOOMEHa (€CTECTBEHHBIH, CMEIIaH-
HBII), BO3HUKAIOIIETO B MOMEIICHHUH, OKa3bIBACT Cy-
[ICCTBEHHOE BIHMSHUE HA CTPYKTYPY TCUCHUHN U TEMIIe-
paTypHBIH pEXHMM BO3IYLIHBIX MAacC B IOMEIICHUH.
Pabora cucreMsl BO3ayX000MeHa C PacIooKEHHEM B
BEpXHEH YacTH WCCIeIyeMOoil OoO0JIacTH 30H BBOJA W
BBIBOJIa BO3AYIIHBIX MAacC YBEIMYMUBACT CKOPOCTH BO3-
JyXa B TOMEIIECHUH, HHTCHCU(DHUIIUPYSI TIPOIecC Hepe-
MEIINBAaHWUS HArPeTOro MW XOJNOJHOTO BO3AyXa, IpH
OTOM yMCHbIIAaA Neperaj €ro TeMICpaTypnl 10 BHICOTE
MOMEIICHUS.

[Iputok B 30HY BIHMSHUS ra30BOTO0 MHPPAKPACHOTO
M3IyJaTels] XOJOMHOTO BO3AyXa MPU MaNbIX U yMe-
pennbix (10 2-107 kr/c-m®) pacxomax mocieanero us-
MEHSET XapaKTep TeUSHHs BO3IyXa B JIOKaJIHHOH pabo-
yeit 30He. Hanpumep, npu ckopoctu Bozayxa 0,08 m/C
CpelHss TeMIepaTypa BO3AyXa IOBBIIIAETCS Ha 5 rpa-
nycoB (¢ 12 mo 17 °C) B 30HEe BIUSHUS Ta30BOTO HH-
¢pakpacuHoro nziyuarens. I[Ipu onpeneneHHOM pacxo-
ze Bosayxa (22107 kr/c-M%) cucremb! Bo3nyxoo6MeHa
BO3MOXHO YCTAHOBJIEHHE MAKCHMANBHO IOCTHKUMOU
cpenHeil Temmeparypsl Bozayxa (17 °C) B mokalbHBIX
30HaX, B KOTOPBIX MOXET HAXOIUTCS PaOOTAFOIIHIA.
Takolt pexxuM pabOTHI CHCTEMBI BO3IyXOOOMEHA IIO-
BBIIIAECT SHEPTrod3(h(EKTUBHOCTh HCHONB30BaHUS CH-
CTEM Ta30BOT0 MH(PPAKPACHOTO H3IYyYCHUS B KPYITHO-
rabapuUTHBIX IMMOMEMICHUSIX Ui OOECHEeUCHHs perja-
MEHTHOTO TEMIIEPATYPHOIO PEKHUMa B JIOKAIBLHON pa-
Ooueii 30He.

[onmy4yeHHbIe MaHHBIE O PACHpPEACICHUHN TEMIICpa-
TYp M CKOPOCTEH BO3/lyXa JIAF0T BO3MOXKHOCTh OLICHKH
BJIWSIHUAS MHTEHCUBHOCTH CMEIIaHHON KOHBCKIIMK Ha
a¢pdexTuBHOCTE (pyHKIMOHUpoBanus MU mpu obec-
MEYCHNH HOPMATHBHBIX YCJIOBHH MHUKPOKIHMATa B
paboueii 30He.
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