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METO/IAKA TEILIOBOT'O PACYETA KOHTAKTHOI'O TA3BOKATIEJIBHOT O
YTUIN3ATOPA TEIIVIOTBI HU3KOTEMIIEPATYPHBIX OTXOJSIIUX I'A30OB

AHHOTAITHA Paspabomana memoouka pacuéma KOHMAKMHO20 annapama 2a30KaneibHo20 muna Oas Ymuauzayuu men-
JI0Mbl HU3KOMEMNEPAmypHbIX OMX00AWUX 2a308. {1 pacnvlieHus JICUOKOCHU UCROIb308ANAC, MEXAHUYECKAs YeHmpobeic-
nas gopcyuka. Jannas memoouka yuumvléaenm peanvHble YCI08Us NPOMEKAHUS Npoyeccos menio- u Maccooomena 6 cu-
cmeme «KOHYC ¢hakena pachbliu8aHus Kaneib JHCUOKOCMU — CRIOWHASA NAPO2A306ds CPeday U OCHOBAHA HA UCNONb308AHUU
Pe3yIbmamos panee npoGeoOEHHbIX IKCNEPUMEHMANbHBIX UCCTIE008AHUTI ABMOPOE 8 YKAZAHHOT CUCHeMe.

Knrouesvie cnosa: memoouxa, KOHMAKMHbLL YMUTUZAMOP MENIOMbL, 2A30KANEbHbI, QOPCYHKA.
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HEAT CALCULATION TECHNIQUE FOR THE CONTACT-TYPE GAS-DROP HEAT
RECOVERY SYSTEM OF LOW-TEMPERATURE EFFLUENT GASES

ABSTRACT A purpose of this scientific paper is to develop the heat calculation technique for the contact-type heat recovery
system of low-temperature effluent gases using mechanical centrifugal nozzles to spray liquid. The calculation technique is
based on preliminary experimental investigations carried out by the authors to study nozzle dispersion characteristics and
heat-mass exchange processes in the two-phase system: the torch cone used for the dispersion of water drops is the steam-
gas mixture and it is also based on the preliminary theoretical analysis of the total interfacial area of interacting phases. The
work done allowed us to work out the heat calculation technique for the contact-type heat recovery system of low-
temperature effluent gases that takes into consideration real conditions for transfer processes in the two-phase system in
question. The heat calculation procedure described in the paper and used for the heat recovery system allows us to determine
the brand and the number of dispensers required for the generation of water drops using the parameters of effluent gases and
water specified for the system inlet, to arrange them in the standard duct for the gas withdrawal and to calculate the heat

carrier parameters at the unit output and to determine its heating efficiency.
Key words: technique, contact-type heat recovery unit, gas-drop, and the nozzle.

BBenenune

B HacTosmee BpeMms 3aMeTHOE BHUMaHHE YJe-
JIsieTcs BOIPOCaM HCIOIb30BAaHUS BTOPUYHBIX dHEpre-
TUYECKUX PECYPCOB B BUAE TEIUIOTHl HU3KOTEMIIEpa-
TYpPHBIX OTXOASIIUX ra30B 3HEPreTHUECKUX U TEXHO-
JIOTHUECKUX arperaTtoB M YCTpOWCTB. [[ng pemeHus
9THUX BOIIPOCOB MPEUIOKEHBI M HCIOIB3YIOTCS Pa3-
JUYHBIE KOHCTPYKIUH YTHIN3aTOPOB TEIUIOTHI KOH-
TAaKTHOTO THIIA. HECOMHEHHBIMH TPEHMYIIECTBAMH
NP YTHIIM3AIHUA TETUIOTHI OTXOMAIINX T'a30B dHepre-
TUYECKUX M TEXHOJIOTHYECKHX YCTAaHOBOK O0JIaJaroT
YTUIN3AIMOHHBIE KOHTAKTHBIE almapaThl Tra3oKa-
MenpbHOro THma [1] ¢ pacHbUIMTENSIMU BOJBI B BHJIE
(hOPCYHOK pa3IMYHBIX THUIOB (3a4acTyi0 LEHTPOOESK-
HBIX, KaK HMMEIOUIMX HauOoyee MPOCTyI0 KOHCTPYK-
TUBHYIO CXEMy M OOUIMPHYIO JINTEPATypy IO MX Xa-
pakTepucTHKaM, Hampumep, [2]). Bmecte ¢ teMm, B
JIUTEepaType OTCYTCTBYET HaJexkKHas METOJMKA TEILIO-
BOTO pacuera IONOOHBIX YCTpoiicTB. B u3BecTHOM
JUTEpaType OTCYTCTBYIOT TakXe Kakue-1u0o 0000-
TIAFOIIHE 3aBICUMOCTH TI0 TEITIOMACCOOOMEHY MEXKIY
CIUIOUTHOM T'a30BOM Cpefod U CUCTEMOM Karesb B BH-
Jie KOHyca pacubuieHus: GopcyHku. Vcnonp3yronuecs
B IJIUTEpaType NaHHBIE OTHOCATCS, KaK IMPaBWIIO, K
OJIMHOYHOM Karute [3—8].

B cBs3u ¢ 3TUM U1 CO31aHUS YKAa3aHHOM Me-
TOIUKU MPEIBApUTENFHO OBLI BBIIOJHEH KOMILIEKC
paboT, CBSI3aHHBIX C ajanTanuel IEeHTPOOESIKHBIX

¢dopcyHOK Ui paboThl B KadecTBE pPACIBUIUTENCH
BOJIbI B KOHTAKTHBIX yTHJIM3AIMOHHBIX ammaparax. C
9TOH 1enbio B padorax [9, 10] ObUH BBITIOITHEHBI 9KC-
MEPUMEHTAIbHBIE MCCIEAOBAHUS XapaKTEPHCTHK pac-
nbUIa (CpeHero 0ObEMHO-TIOBEPXHOCTHOTO IMaMeTpa
Karelb, yrila pacKpbITHs KOHyca (akena pacrblUIiBa-
HUS) TIPUMEHUTENBHO K PEXHMMHBIM IapaMeTpaM HX
paboThl B cOCTaBe yTHIM3aTopa TEemIoThl. Kpome To-
ro, B pabore [11] TeopeTndyeckum ImyTemM ObUT perieH
P BOIIPOCOB, CBSI3aHHBIX C OINPENEIICHUEM dJIEMEH-
TOB TH/IPOANHAMUKH (POPCYHOUHOH Kamephl armmapara
(M3MEHEHUsI CKOPOCTH JBIDKEHUS KarleNb 10 JUTMHE UX
mpobera, CyMMapHOW BeTHYMHBI MexX(a3HOI moBepX-
HOCTH), OTIPEACIIIIOMNX YCIOBHUS TEIIOMaccooOMeHa
MEXAYy Ta30BOM cpelod M KalusIMU KUAKOCcTH. U,
HakoHel, B pabote [12] ObUTM MPOBEOCHBI 3KCIECPH-
MEHTaJIbHbIE UCCIIe0BaHHs KOA(DHHUIIMEHTOB TEIUIO- U
MaccoOTAaul MEXIy NaporasoBOH Cpeod M CHUCTe-
MO KarteJib BOJIbI PACIIBLIUTEIBHOM (HOPCYHKH.
BaxubiM  ycnoBueMm 3ddexTHBHON pabOTHI
KOHTAKTHOI'O alrmapara g YTUJIW3alud TCIJIOThL
OTXO/SIIMX Ta30B SBISIETCS OOECHeYeHne TaKuX Ma-
paMeTpoB padOTHI, MPU KOTOPBIX UMEET MECTO KOH-
JICHCalMsl BOJSIHBIX TapoOB M OTCYTCTBYET PEXHM HC-
MapeHus1 BOJBI C NTOBEPXHOCTH Kareib. JKCIEPUMEH-
TIFHOMY HCCJIEJOBAaHHMIO 3TOTO BOIPOCA MOCBSILICHA
pabora aBTopoB [13]. B Hell B pe3ynbrare npoBeeH-
HBIX OTIBITOB ONIPEEIICHBI TapaMETPUIECKIE TPaHUIIBI
(pexuMHBIE TTapaMeTphsl padoThl) 3(PPEKTHBHOTO HC-

© M. K. bespoausii, A. 0. Pauunckuit, H. H. Tonusin, 2016

128

Bicnux HTY «XI1l». 2016. Ne 9(1181)



ISSN 2078-774X (print)

Enepzemuuni ma mennomexuiuni npoyecu i yCmamxy8anus

MOJIb30BAHUS BEIOPAHHOHN (POPCYHKH (C UCKITFOUCHHEM
mpoliecca UCIapeHus Kareb).

Yka3aHHbIe PaOOTHI SIBUINCH OCHOBOHM IS CO-
3JIaHMsl U3JIaraeMoil HHKe METOJIMKHU TEIUIOBOTO pac-
4e€Ta KOHTAKTHBIX YTWJIM3aTOpPOB TCIUIOTHI Ta30Ka-
ICJIBHOI'O TUIIA.

Leas padoThI

PaspaboTtath MeTOAMKY TEIJIOBOrO pacyéra
YTUIIM3AaHOHHBIX KOHTaKTHBIX aMlllapaToB Ta30Ka-
MEJBHOTO THIA C PACHBUIMTEISIMU BOZBI B BUAE Gop-
CYHOK pa3iIM4HBIX THHOB. )1 TOCTHKEHHUS STOH enn
OBUT TIpeIBapHUTENBHO BBIOJHEH KOMIUIEKC padoT,
CBSI3aHHBIX C ajanTainuedl IMeHTPOOEKHBIX (HOPCYHOK
JUIA pa6OTBI B Ka4yCCTBC paCHBIHI/ITCHCﬁ BOJbI B KOH-
TaKTHBIX YTWIN3AaLHOHHBIX allapaTax.

CxeMa anmapara u o01Iue 3aMeYaHust
K MeTOJMKe pacyéra

CxeMa KOHTaKTHOTO yTHWJIM3aTOpa TeIyIOTHI Ta-
30KaleIbHOr0 THIA NpejcTaBieHa Ha puc. 1. Kon-
CTPYKTHUBHO aKTHBHAS 4acTh yTHJIM3aTOpa MPEACTaB-
asieT co0oi OB anmapar, BHyTPEHHEE HpPOCTpaH-
CTBO KOTOPOTO 3allOJHEHO TOJBKO OIpPEICICHHBIM
KOJIMYECTBOM (DOPCYHOK € MOABOISIINMHU K HUM BOAY
TpyOompoBogamMu. B cBs3M C 3THM TEIIOBOH pacdér
TaKOTO ammnapaTra CBOJHUTCS K ONPEAEICHUIO MapKH U
KOJIMYECTBA paanIJmTeneﬁ, HUX KOMIIOHOBKE B TI'a30-
OTBOJISIILIEM KOPOOE, ONPENENICHUIO MapaMeTpoB II0-
TOKOB TEIJIOHOCUTENEH Ha BBIXOJE M TEIJIONPOU3BO-
JUTEIBHOCTH yTUIIN3ATOPA.

Jna onpenenéHHOCTH, MO MHEHHUIO aBTOPOB,
nepes W3JI0KEHHEM COOCTBEHHO IMPOLEAyphl pacyéra
ra30KamneabHOr0 YTHIM3AaTOPa LEIecCO00pa3Ho yIoMs-
HYTh O HEKOTOPHIX OCHOBHBIX MOMEHTAaX, MMEIOIINX
3HAYCHHE NPHU IPOEKTUPOBAHUU TAKUX YCTPOHCTB.

Bo-mepBBIX, OTMETHM, YTO paccMaTpHBAEMOE
YCTPOMCTBO NpEJHA3HAUYEHO IS YTUIN3AIMN HU3KO-
TEMIIEPaTyPHBIX OTXOIMMX Ta3oB. HuskoTemmepa-
TYPHBIMU CUHTAIOTCSI OTXOJSIINE Ta3bl C TEMIEpaTy-
poii ~135 °C Ha BXoze B ammapat u3-3a BO3MOXHOCTH
BO3HMKHOBEHHS HHU3KOTEMIIEPAaTypPHOH KOppO3UU B
pasIUYHOrO poja JKOHOMAif3epax M HHBIX MOBEPX-
HOCTHBIX YTHJIM3aTOpax, KOTOpbIe HEOOXOAUMO yCTa-
HaBIIUBATh JI0 Ta30KamneapHOro ycrpoiictBa. C npyroii
CTOPOHBI, TPHOJIU3UTENHFHO Takash JXKe TeMIleparypa
ra30BOM CMECH PETIaMEHTHPYETCsl HATUYUEM BEepXHe-
ro Ipejiesia HarpeBa Kamenb BOJABI, PABHOTO TeMIlepa-
Type «MOKpOI0o» TepMOMeETpa i Iapora3oBoil cMme-
CH.

Bo-BTOphIX, Bonpoc 00 onpeneseHuy Koinde-
CTBa pa3OpHI3TUBAIONINX (OPCYHOK peHIaercs ¢ Io-
MOIIBIO PE3YJIBTATOB MPEABAPUTEIBHBIX HCCIIET0BA-
HUH, U3M0KEHHBIX B paboTax [12, 13]. 3mech xe ot-
METHUM, YTO BO3HHUKAET €IIe OJIUH aKTyaJIbHbII BOIIPOC
0 BEPOSITHOCTH CTOJKHOBEHUs Kallelb B JUCHEPCHBIX
MOTOKAaX, 0OpPa30BaHHBIX PA3IMYHBIMU PACHBUIUTENSA-

MH. B CBSI3U ¢ 3TUM MOXET U3MEHSTHCS UCTIEPCHBIN
COCTaB Karelp 10 MPUYUHE 3TOTO CTONKHOBEeHUA. OT-
BCTHI HA OTHU BOl'lpOCbI HpI/IBeZleHI)I HUXKEC B npoueﬂype
pacuera.
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Puc. 1 — Cxema xonmaxmuoeo annapama:
1 — konnekmopwl 01 N006800a 600b1; 2 — MpyOb
n00800a 800vbl K (hopcynkam, 3 — popcyHnku,
4 — cenapamop

B-Tperbux, Bompoc 00 ompeneneHun mapamer-
POB IOTOKOB OTXOASAIIMX Ia30B M BOJBI IOCIE KOH-
TAaKTHOTO YTWIM3aTOpa MpPH 3aJaHHBIX 3HAYCHUSX
STHX BEJIMYHMH Ha BXOJI€ B YYaCTOK YTHJIM3aLUK pelia-
eTcs C MOMOIIbI0 0000MIAIOIMINX 3aBHCUMOCTEH 110
TEIJIO- ¥ MAaccooOMEHy B Tra3oKallelIbHOM cucreme,
Ipe/CTaBIeHHBIX B padore [12].

Hcxonnble 1aHHbIE 1JI51 pacyéra

Kak mpaBuno, cpeam WCXOMHBIX JaHHBIX
JOJDKHBI (PUTYPHPOBATH CICAYIONIHE BETUIHHBL:

— BUJ U paboYmnii cocTaB TOILIMBA JJIsL DHEPToO-
TEXHOJIOTHIECKOTO arperara (yCTpoiCTBa);

— 0apoMeTpHYecKoe JaBJCHHE Iapora3oBOi
cmecu (IITC), B, 1a;

— 00BEMHBIN pacxoj Mapora3oBOMl CMeCH MpHU
HOpPMaJIbHBIX YCIIOBHSIX Ha BXOJIC B T'a30KallelbHbIN
anmapart, V, aM3/4;

— CPEIHSsI CKOPOCTH JIBMDKCHUSI OTXO/SIINX Ta-
30B (JT00 ceYeHUE OTBOIAIIETO KOPoOa);

— cXeMa JIBIKCHHMS NIOTOKOB T'a3a U Kallesb BO-
IIeI (IPUHUMAEM TIPSIMOTOYHYIO);

— TeMIepaTypa CMECH IO «CyXOMY» TEpMO-
METpPy Ha BXOJI€ B alIapar, f,. ., , °C;

— Brarocoaep:xanue I1I'C Ha Bxoze B ammapar,
d, , KU/(KT CyX. T.);
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— JaBleHHe BOABI mepen QopcyHkamu, B,

MIla;
— TeMrneparypa BOJbI
°C.

Ha BXOJAC B almapar

tle H
IIpouenypa pacuéra

ITpouenypa pacuera ra3okarneiabHOIO KOHTAKT-
HOTO YTHJIM3aTOpa CIIeIyIomas.

1 Bvibop mapxu u xoauuecmea pazopul3eusa-
FOUWUX POPCYHOK

OpHEeHTHUPOM TIPU PELIEHHH BOIIPOca O BHIOOpE
MapKy pacHbUIMTENsI MOXeT ObITh padota [2]. Peko-
MEHJyeTCs LEHTPOOEKHBIH THUII PACTIBUIMTEILHOMN
¢opcyHKM Kak uMeromel Hauboiee MpPOCTYI0 |
HaJIS)KHYI0 KOHCTPYKTUBHYIO cxeMmy. Jlisi aHeprorex-
HOJIOTUYECKUX YCTPOMCTB HEOOJBIION MOITHOCTH
MOXHO MPEIIOKUTh CTAaHIAPTHYIO IEHTPOOCKHYIO
tdopcyrky Ne 26 [2], koTOpasi HCIIONB30BANIaCh aBTO-
paMu TNpH TPOBEACHUHM HACTOSIIMX HCCIIEIOBAHUI.
Tewm Gosiee, 4TO aBTOPHI MOPadOTATN HaJ aganTauen
3TOTO PACHBUIUTENS s 0oJiee IIMPOKOTo JUana3oHa
PEKMMHBIX ITapaMeTpoB ee paboThl IPUMEHHUTEIBHO K
YKa3aHHBIM SHEPTOTEXHOJIOTUYECKHM YCTPOUCTBAM.

Jna pacuera koiuuyecTBa pa3OpBI3THBAIOIINX
(hopcyHOK yKa3aHHON MapKH aBTOpaMH OBLIM ITPOBE-
JICHBI CIlelualibHble uccienaoBanus [13]. Otu wuccie-
JIOBaHMsI OBUIM IOCBSIIEHBI OINPEAETICHUIO IapaMeT-
pryeckux TpaHul A(PQPEKTHBHOTO HCIIOIH30BAHMS
BEIOpanHOW (QopcyHKH. COOTBETCTBYIONINE TPAHUIIBI
OTIPEETICHBI, UCXOJSI M3 YCJIOBHS HCKIIOYCHUS BO3-
MOXHOTO HMCHApEHUs! Kaleidb BOABI IPH JOCTIKCHUU
MpeAeNbHON TeMIepaTypsl UX HarpeBa, COOTBETCTBY-
IOIIEH TeMIepaType MOKpOro TepMOMETpa. DTH YCIIO-
BUSI COOTBETCTBYIOT MAaKCHMaJbHOMY PacXoly CYXHX

razoB Ha oaHy dopcynky V"™, onpenensiemomy u3
puc. 2 B 3aBUCHMOCTH OT OOBEMHOW JIONH COJepiKa-
IIErocsi B HUX BOJSIHBIX MAPOB U JIABJICHUS BOJBI Iie-
pexn ¢opcynkoii. Torna, obiee KoTHIecTBO POPCYHOK
1 MOXXET OBITh ONPENIENICHO KaK

ne=—, ()

Benuunna V™™ paccuuThIBacTCS TakKe IO

thopmymnam (2)—(4) u3 pabots! [13].

2 Komnonoexa ¢opcynox 6 kopobe 0 omeo-
0a OMX00AUUX 24308

ITpu xoMrnoHOBKe (DOPCYHOK CIIEAyeT YUYHTHI-
BaTh BOINPOC O BEPOSITHOCTH CTOJKHOBEHMS Kareib B
JICIIEPCHBIX IIOTOKaX, OOpa30BaHHBIX Pa3IMYHBIMU
PACTIBUIATEIISIMU, ¥ CBSI3aHHBIM C STHM BO3MOXKHBIM
U3MEHEHHEM JUCIIEPCHOr0 COCTaBa Kamellb MO IMpH-
YMHE OJTOro CcToskHOBeHHA. Oxaszanock (paboTsl
[14, 15]), 9TO BEpPOATHOCTH p CTOJNKHOBEHHUS >KAI-
KOCTHBIX 9acTHII ype3BbryaiiHo Mana (p < 0,001) u3-3a
HE3HAYUTEIBFHOTO OTIUYHS WX CKOpPOCTeH BOMU3H
pacmbUTUTENe W PEe3KOT0 CHIDKEHHSI WX KOHIICHTpa-
UM TP yJAJIEHNH OT MecTa BhUIETa (HA PAacCTOSIHUN

HECKOJIBKUX CAaHTUMETPOB 3Ta BEPOATHOCTH MPHOIH-
JKaeTcs K Hymo). VICKITIOYeHHE MOXKET COCTaBIATH
JUIIG OYEHB IDIOTHAsI YCTAaHOBKA (POPCYHOK, YTO TIPH-
MeHsIeTCs KpaiiHe peako. s mpumMepa: Gakeasl IByX
HEHTPOOEKHO-CTPYHHBIX (POPCYHOK, YCTAHOBJIEHHBIX
Ha paccTosHud 150 MM, OKa3aluCh «IPO3PATHBIMUY
Jpyr s apyra [14].

100 ¢
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Puc. 2 — 3asucumocms maxcumanoHozo 005EmHO20
pacxooa cyxozo 6030yxa om 06bEMHOLU 00AU B0OSAHBIX
napog [ npu uzoulmoyHoM 0aeieHut 800bl nepeo
¢opcyuxou: 1 — P = 0,2 Mlla; 2— 0,4 Mlla;
3—-0,6 Mlla; 4 — pacuém no [13]

10

ITo nmoBoxy M3MEHEHMs AMCIEPCHOTO COCTaBa
Kamejb 10 NPUYMHE BO3MOXKHOTO WX CTOJKHOBEHUS
oTMeTuM cieayromniee. [Ipoucxoasime cTOIKHOBEHUS
HE MOTYT NpPUBECTH K 3aMETHOMY HM3MCHEHHIO IWC-
MEPCHOTO COCTaBa Kaledb H3-3a HU3KUX 3HAYCHHUH
yucia We, XapakTepHBIX ISl PACIIBUIHBAHUS KHIKO-
CTell M W3MEHSIOLIMXCS BCEro-HaBCEro B Ipenenax
0,5-10. Kpome Toro, BIMSHHE MOIHINCIIEPCHOCTH
Karenb, UX KOaJIeCHCHINS U IpOoOJICHNE YUUTHIBAIOTCS
IIPY OIIPE/ICNICHUH CPEIHETO 1UaMeTpa Kameb.

CrenoBatenbHO, pa3MmenieHne GOPCyHOK B IIO-
MIEPEYHOM CEUCHUH KOpoba S, MOXKET ObITb MPHUHSITO

B Y3JIOBBIX TOYKaX CETKHM C pa3MepoM €€ suelKH
S, =150x150 MM, T.. C T[ONEpEYHBIM IIaroM

S; =150 mm. Torga, KOIMYECTBO AYEEK U COOTBET-

CTBYIOIIEE KOJIMYECTBO (POPCYHOK B OJHOM sipyce
MOXET OBITh OTPENENICHO KaK

S
n, =—%, 2
s 2
a 9UCII0 APYCOB (POPCYHOK MO BHICOTE arnapara
N=" (3)
n

A
BennunHa mara pasmerieHuss (OPCYHOK I10
BBICOTE ammapata S, BBIOMpaeTCs Ha OCHOBaHHUHU
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ONBITHBIX AaHHBIX. COrIacHO 3TUM JaHHBIM [12] Ha
BBICOTE KOHyCa paclbUIUBaHHA OT Cpe3a CoIula
H=110 MM mpakTHYeCKH 3aKaHUYMBAIOTCS MPOIECCHI
KOHBeKTHBHOU Teruootaaun oT [II'C k kamisaMm u
KOHJICHCAIIUU TapoB BOJABI HA MX MOBEPXHOCTU. To-
T2, MPOAOJIBHBIN 1Iar pa3MenieHus: POPCYHOK MOXKET
OBITH IPUHAT paBHEIM S, = 110 MM.

3 Onpedenenue napamempos cucmemvl Cco
CMOPOHYBI (hakena pacnviiu6aHus
[TapameTpsr opcynku u (akena pacrbUIHBa-
HUS ONpEJNeNsioTess N0 AaHHbM pabot [9, 10]. Ilpu
ATOM MAaCCOBBI pacxoa BoOIbl 4depe3 (OPCYHKY B
(yHKIMM TaBlieHNs1 BOJBI Iepe e€ coruioM (B auana-
30He u3MeHenusa p = 0,2-0,6 MIla) ompenensem Mo
thopmyne
G=134,74p + 8,17. @)
VYron ¢akena pacrbUIMBaHMs O, TPai., B QyHK-
LMK JaBJICHUS BOJBI Tepen (opcyHKOH (B nuana3zoHe
m3meHenus p = (0,2-0,6) MIla) paccuutbiBaeTcss 1O
YpaBHEHHIO
o= 13,3 +283,84p — 286,1p°. %)
CpenHuii  00BEMHO-TTOBEPXHOCTHBIN JIHAMETP
Karenb ds; B KOHyCe paclbUTUBaHUA (HOPCYHKHU OIpe-
JiersieTcst mo 0000IIeHHOMY YpaBHEHUIO

d _
=32 =357Bu" (Re We) 2, (6)
dC
Wyd A
rie Re=—1"¢. We =W, ch; Eu= p2 ;
v G pWy
4
Wy = ? ; Ap — mepenaja AaBJ€HUs TIOTOKa BO/IbI,
nd;p

cpabatsiBaeMblii B popcyHKe; d, — IMaMeTp comuia.

4 Onpedenenue napamempos  napoeazoeoul
emecu (III'C) na evixode u3 akmuGHOU 30HbI KOH-
MaKkm1oz2o annapama

Jna onpenenenus napamerpos I1I'C Ha BbIXO-
Jie U3 YTWIN3aTopa JOCTaTOYHO MPOU3BECTH MX pac-
YeT MPUMEHHUTENBHO K OJHOMY BEPTUKAIBHOMY DSy
pactbutuTeneid. Ilpu 3TOM 4YHCIO pacmbUIMTENEH B
pSiy COOTBETCTBYET YHCIY SIPycOB ()OPCYHOK B amma-
pare.

OO0mmii pacu€r mapaMeTpoB TEIUIOHOCHTENEH
JUIL OFHOTO psifia (POPCYHOK CBOAMTCS K IOCIIEAOBaA-
TEJIFHOMY pacdeTy MapaMeTpOB Ha BBIXOJE M3 KOHyca
pacmbuia Ui Kaxaoi ¢popcynku. [Ipu aToM BXoaHbIe
napaMmeTpsbl Uil TIepBOi (OPCYHKH 3aJaHbl B UCXOJ-
HBIX JAHHBIX JUISI BCEro ammapaTa, a BXOJHBIC IMapa-
METPBI JUIsl KaXKJI0H MOCIeAyIomei (GOpCyHKH MPUHH-
MalOTCsl paBHBIMH BBIXOJHBIM IapaMeTpaMm s
npenasiayiield gopcynku. Cxema pacyera COCTOHT B
CIEYIOLIEM.

INonuas TemioBas Harpyska Q' s mepBoro

(Bepxuero) no xoxy III'C pacnsumnTens onpeaensercs
1o popmyie

Ql = CpBG(tlelX - tle)' (7)

B a1ux pacuérax mpmHHMaeTcs, 4TO HCIape-
HUE Kamenb (M, CIeI0BaTelIbHO, KOHICHCAIUS BTO-
pUYHOTO, 00pa3yoUIEerocs M0 TOH MPHUYHHE Mapa) B
KOHIIE KaXXJOro IIara pacrojiokKeHHUsI BEPTUKAILHOTO
psana GopcyHOK MpeHeOpekuMo Majo (U3-3a MOCTYII-
JICHHUsI OYEpEeIHOW MOPILMM paclbuia XOJOJHON BOJBI
n3 cilenylomero pacneuutens). Temmneparypa BOJbI
Ha BBIXOAE [, B IIEPBOM IPUOIMKEHUH MOXKET

OBITP TIPHHATA PABHOW TIPEAEIBHON TeMmIeparype
Harpesa B 3aBHCHUMOCTU OT JAABJIEHHS BOJABI U JOJIU
napa B III'C B cooTBeTcTBHH C pHC. 3.

Jlaee B COOTBETCTBHM C 3KCIEPUMEHTAIbHbI-
MU JTaHHBIMU IIPUHUMAEM, YTO TEMIIEPATYpPa «CYXOIr0o»
tepmometpa st I1I'C Ha Beixone Ha (1-3) °C BhImIe

TEMIEPATYPHl 1, M OIpPEIEIsieM KOHBEKTUBHYIO

COCTAaBJISIOIIYIO TEIJIOBOI'O ITOTOKA
Ovons = 0 ITAT . ®

100 .
90 | ».°c

n

2 3 4 5 678910 2 3405
Puc. 3 — 3asucumocms maxcumansHou memnepamypbi
Hazpemou 6006l 0M 00BLEMHOU 00U BOOIHBIX NAPOB
npu u3OLIMOYHOM OasNeHUU 800bl neped oPCYHKOI.
1—-P=006Mlla; 2— 0,4 Mlla; 3— 0,2 Mlla; 4 — no
oannvim [16], 5 — no oannvim [18], 6 — no oanuvim

[17]

B ¢dopmyne (8) xoadduimeHT KOHBEKTHBHOM
TEIUIOOTAAYH O, OMNpeAemseTcs U3 0000IEHHOTO

ypaBHeHU (9)

A
o, =1,97 =2 Re* prl ©
32
M0 JaHHBIM PaboThl [12] B 3aBHCHMOCTH OT pacuér-
HOH CpelHeH CKOpPOCTH ABW)KCHHUS Kallelb Ha 3alaH-
HOM y4acTKe JJMHBI Ipobera, onpenessieMoil B CBOO
ouepenb ¢ HOMOIIBIO puc. 4.

wd
B ypaBuenuu (9): Re = ——2; F — pacuéTHas

CM

BCJIMYMHA MC)K(I)EBHOI\/'I NOBCPXHOCTHU, IPUHUMACTCA

no puc. 5; AT — cpeaHenorapupMUIEcKuii TeMIepa-
TYPHBIH IIepenaj, KOTOPBI ONpeAeiseTcs ¢ y4eToM
MPUHITOW TEMIIEPATYphl «CyXOro» TEepMOMeTpa st
[1I'C ua BeIXOzE.

ITocne sToro ompexenseM KOHICHCALMOHHYIO

1
cocTapnsonyo O, OOIIETO TEMIOBOTO MOTOKa ()

JUIS TIepBOM  (POPCYHKH paccMaTpUBAaEMOIrO BEpPTH-
KaJbHOTO psaa
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W, m'c

L, v
Q 1 1 1 1 1 1 1

0 20 10 60 s0 100 120 140 160
Puc. 4 — 3asucumocmsv ckopocmu 08UdNCEHUS Kaneib
W om Onunet ux npobeza L npu pasuvix oasnenusx
60001 neped gopcynxou no [11]: 1 — P = 0,6 MIla; 2
—P=04Mlla; 3—P=0,2Mlla

8
F-102, w2
6 ™
1
:7. e
4 K
3
2 -
1
L. MM
0 1 | 1 1 L

O 20 40 60 80 100 120 140 160

Puc. 5 — 3asucumocms pacuémnoui eenununsl medxic-
@asnoil nogepxnocmu F om onunwl ux npobeea L npu
PasHbIX 0asnenusix 800l neped gopcyurou no [11]:
1-P=0,6Mla; 2—P=0,4Mlla; 3—P = 0,2 Mlla

_l
QKOH;[ - Q - QKOHE (10)
v cpaBHuBaeM O, 1o ypasHenuto (10) co 3Havenu-
em stoif BemuuuHbl Oy, , PACCYMTAHHBIM Y€PE3 dKC-

MEePUMEHTAIBHOE 3HaYeHHE KO3 PHUIMEHTa MACCOOT-
Jadu B, onpeaenseMoe U3 0000IEHHON 3aBUCHMOCTH
(3) mo manHEM paboTh! [12]:

0,55 1.0,33 0,55
Nup, =0,96Re™" Pry™” e,

Bds, v
Nu, =232 pp =t
b= b b7 p
1,8
228 [P +273
1333B| 273

Ol = JrF = BpiprF =B“§—;°MF, (11)

rie Nu, — mudpdysnonHoe uucno Hyccensra; D —

ko3punment mudodysun; Pr, — anddysnonHoe

RT

yucno [pangmna; B=B, ; Bp — cpemHmii Ko-
Hu,0

3¢ GUIMEHT MacCOOTAaYHN, OTHECEHHBIM K pPa3sHOCTH

NapLUaAIbHBIX IaBICHUI; R — yHUBEpCalbHas ra3oBas

nocTosiHHas; 1 — cpemHss abCoMOTHAs TeMIepaTrypa

CMECH, “Hzo — MOJICKYJIIpHasg Macca BOASHOTO I1apa,

A_p = Pl'l.(). -P — Pa3HOCTb CPEAHUX MNapLUHAIbHBIX

I1.B.
JaBJIeHui BOASHBIX mapoB B 00wéme [II'C m Ha mo-
BEPXHOCTH KaIeslb pacCMaTpuBaeMoOro y4yacrtka.

C apyroii CTOpOHBI

QKOHZ[ = Gr.c.(dl - d2)r > (12)
OTKyZIa
d, =d, —%. (13)
GF.Qr
B mocinennux dopmynax: G.. =V, P

MacCOBBIA pacXoJll CyXUX OTXOISIIMX Ias3oB; V..

00BEMHBIN pacxo] TeX ke ra3oB (ONpeaenEéHHBIN CO-
rmacHo I. 1 Hacrosme# mpouexypel); p,. — IUIOT-

HOCTb CyXHMX OTXOJSIIHUX ra30B (IIPHHUMAETCS PAaBHOU
IUIOTHOCTH cyXoro Bo3myxa [19] mpu Temmeparype
€ro IOCTYIUICHHS B JHEPrOTEXHOJOTHYECKUH arpe-
rar).

Takum oOpaszom, no ypasuenuro (10) ompene-

JseTcs BenmmauHa Q.. » a 1o ypasHeHuio (13) — db.

[Haree, onpenenus npexie no Gopmyse
_133,3Bd

= ; (14)

" 579+d
napuuaJbHOe JAaBieHHe BoAsIHbIX mHapoB B III'C B
Hayaje U B KOHIIE PACCMATPUBAEMOIO Y4acTKa, MOXK-

HO PaccuuTaTh CpeaHee Ul ydacTKa 3HaueHue Ap , H,
HaKOHELI, ONPEIEIINTEL BEIMYNHY Qllcon;[ .

Cpaenenne BemuuuHbl (o, PACCINTAHHON
no (10), ¢ Bemuuunoit O, , paccunranHoii mo (11),

JIaeT OTBET Ha BONPOC O NPaBHILHOCTH BHIOOpa TEM-
neparypsl BOJbl U TEMIEPATYPHI «CYXOT0» TEPMOMET-
pa ans [II'C Ha BBIXOJE TTOCIIE IEPBOM POPCYHKH pac-
CMaTpUBAEMOro psiaa.

Ecnm 3Ha4ueHUs ATHX BENMYHH OTIMYAIOTCS 00-
nmee yeM Ha 10 %, To Torga HEOOXOAMMO 3aJaThCs
HOBBIM 3HauU€HHEM TeMIIepaTyphl BOJBI U TeMIIEpaTy-
pBI «cyxoro» Tepmomerpa ais [II'C, moBTopuB 3aTeM
IpojaenaHHble BbYUCIeHUs. llodydeHHple B HTOTE
UTEpPAIIOHHOTO MpoLecca 3HAYEHUs TeMIepaTyp u
BJIArOCOZEPKAaHUsI CMECH Ha BBIXOJE IOCNe NepBOH
(OpCyHKH NPUHHUMAIOTCSl B KaueCTBE MCXOAHBIX JIaH-
HBIX I BTOPOH (POPCYHKH, TOCIE YEro aHaIOTH4-
HBIM 00pa30M PACCUYHUTHIBAIOTCS MAPAMETPHI TEIIOHO-
CUTEIICH Ha BBIXOJIC W3 aKTHBHOM 30HBI JaHHOU (op-
cyHku. Pacuer moBTopsercs 10 OIpeneieHHs napa-
MeTpoB [II'C Ha BBIXOIE TOCIE aKTHBHOM 30HBI MO-
cieqHe (OPCYHKH, T.e. Ha BBIXOJIE W3 KOHTaKTHOTO
amnmapara.
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5 Onpeoenenue memnepamypsl Hazpemou 60-
Obl Ha 8bIX00€ U3 KOHMAKMHO20 annapamad.
VYuuteBas T0, yTo Biarocoaepxxanue [1I'C mo
XO0Jly JBUKEHHUS T'a30B PE3KO MEHSETCA, TeMIieparypa
BOJIbI HA BBIXOJIC U3 aKTUBHOM 30HBI KaXJI0H (OPCYH-
KA TI0 BBICOTE ammapara TaKke OyIeT H3MCHSITHCS.
IIpu 3TOM ¢ y4yeToM TOro, YTO Pacxojbl BOJbI HAa BCE
(hOpCYHKH OJMHAKOBBI, CPEIHSS TEMIIepaTypa BOIBI
Ha BBIXOJIC U3 allllapaTa MOXeET ObITh ONpeIelicHa KaK
cpeqHeapuPMeTHIecKOe 3HAUCHUE TeMIIepaTyp BOIBI
Ha BBIXOJIC ISl aKTHBHBIX 30H OTAEIBHBIX (DOPCYHOK
BEPTUKAIBHOIO psiia
_ tlelX + tleIX +.+t

. 1 BBIX
B.BBIX s

1s)
n

rae n =N — 4ucio (GOpPCYHOK B BEPTHKAJIBHOM Py,
paBHOE YHUCITy SIPyCcOB (DOPCYHOK B ammapare.

6 Onpedenenue  menionpoU3BOOUMeNbHOCHU
KOHMAKMHO20 annapama

3Has TunopasMep u oOriee Konu4ecTBo Qop-
CYHOK, a TaKkKe TeMIIepaTypy BOJBI Ha BXOJIE M BBIXO-
Jie U3 ammapara, TEIUIONPOMBOAUTEIBHOCTh KOHTAKT-
HOTO YTHJIM3aTOpa onpenensercs mo Gopmyie

Q = nchG(tB.BLIX ~lynx ) . (16)
Takum 00pa3oM, IpPHUBENEHHAs IIPOLELypa
TEIUIOBOIO pacyeTa PaccMaTpUBAEMON yTHUIIM3ALUOH-
HOM YCTaHOBKH IMO3BOJIACT IPU 3aJaHHBIX IMapaMeTpax
OTXOOAIIMUX Ia30B U BOJBI HA eé BXOJ€ MOJYYUTh Map-
Ky U KOJHUYCCTBO paCHbIJII/ITeJlefI AJIe TCHCPpUPOBaHUs
Karejib BOJbI, IMPOU3BECTU UX KOMIIOHOBKY B IITAT-
HOM K0p06e JJIA OTBOJA Ia30B, PACCYUTATL IMAPAMET-
PbL TCIUIOHOCUTEICH Ha BbBIXOAC H3 YCTAHOBKHU U
OIpeACINTD eé TCIUIOMIPOU3BOAUTCIIBHOCTD.

BuiBoabl

B pe3synbraTe NpoBEIEHHBIX aBTOPAMM HCCIIE-
noBaHu# [9—13] co3gana MeTOaMKa TEIIOBOTO pacye-
Ta Ta30KaIleNIbHOT0 KOHTAKTHOTO YTHIN3aTOpa TEIIo-
TBI HU3KOTEMIIEPATYPHBIX OTXOISIINX ra3oB, YYUTHI-
BaloOIasl peasibHbIe YCIOBUSI MPOTEKaHUSI MPOLIECCOB
IepeHoca B paccMaTpuBaeMoi AByx(a3Hoil cucteme.
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