[pami THATY 109 Bum. 13, T. 6

YK 664.053.3.045

KUIITHHA PIIMH B TOPU30OHTAJIBHUX KIJIBIHEBUX
KAHAJIAX

JIomeiixo O. I1., x.1.H., go1.,

Taspiticbkuii OepaitcasHUll azpomexHoI02iuHUL YHIGepcumem
Kyninuenko B. P., n.1.1., npod.,

Hayionanvnuu ynieepcumem xapuosux mexmoioziu
KanTanoscekuii B. /1., acucr.

Yepracokutl 0eparcasrull mexHoa02iuHull yHisepcumem
Ten. (0619) 42-10-04

Anomayia — PO3IANAETHCH KHUIMIHHA PilUMH B KUIbLEBHUX
ope0peHHX I IIaAKUX FOPU30HTAJIBHUX KAHAJAX, BU3HAYAETHCH BJIUB
Pi3HHLI TeMmeparyp Ha IHTEHCHUBHICTb TEIJIOBOIO0 MOTOKY i
KoeIiUieHT TeIIoBiAAaui i IX NMOPIBHAAHHA 3 MPOUECOM KHUIIIHHA Yy
BEJIUKOMY 00'eMi.

Knwuosi cnoea — KUNiHHSA, TeIJIOOOMIH mnapoBa OyJjb0alka,
KijibleBa IIIMHA, BeJIMKHI 00'€M, TeIJIOBUI NOTIK.

Ilocmanoska npobaemu. OHUM 3 IEPCIIEKTUBHUX HAMPSIMIB Iiepeaadi
BEJIMKUX TEIJIOBUX IOTOKIB € OpraHizailisi MNpolecy KHUIIIHHS PIIUH Ha
MOBEPXHAX TEIIOOOMIHY 3 MOPUCTUMH MOKPUTTIIMU 1 3 OPEOPEeHH1 PI3HOTO
npopurro. B mpomMy  BHUOAAKy  CTa€  MOXIMBUM  CTBOPEHHS
TEIUIOMAaCOOOMIHHUX amapariB 1 MOPUCTPOIB 3 TMOPIBHSHO MaJIUMHU
rabapuTHO-MAaCOBUMH TMOKa3HUKaMu. [Ipu mpomy, KpiM TOro, HEOOXITHO
noOuBaTUCA Tepe/iadl BEJIMKUX TEIJIOBUX MOTOKIB 3a MOPIBHAHHO MAJIUX
TeMIIepaTypHUX HAIMOpIB 1 MIABUINEHUX Koe(]illieHTaX TeIuIoBIaga4ul B
00J1acTi  PO3BHHEHOr0 OyJILOAIIKOBOTO KWIIHHS, HE JIOMYCKal4H
YTBOPEHHSI KPU30BOTO PEXUMY KHUIIIHHS, KOJM MapoBa IUTIBKA, WIO
3'SIBJSIETHCSI, CTA€E YMHHHUKOM, IO OOMEXY€ 3aCTOCYBaHHS Ti€i ab0O 1HIIOL
MOBEPXHIi TeI1000MiHy. UncaeHH] ToCTiKeHHS [2] TpHUCBSUeHI OKPEMHUX i
3arajlbHUM 3aKOHOMIPHOCTSIM TEIUIOMAacOOOMBIHY MpPU KHUIIIHHI PI3HHUX
pIAMH Ha TBEPAMX TMOBEPXHAX HArpiBy Yy BeJIMKOMY o00'eMi 1 Tmpu
BUMYIIIEHOMY PyCl MapoOpiIMHHOT CYyMIllll HAa MOBEPXHI HArpiBy 1 3HAYHO
MEHILIE€ MUTAaHHAM TMEPEHECEHHsS TEIUIOTH 1 Macu B KUIBLIEBUX KaHajax 1
UIUIMHAX PI3HOT Opi€HTAIlll SIK IPU BUIBHOMY PYCl, TaK H IPU BUMYILICHOMY.
Kpim Toro, npu A0CHiPKEHH] TAKUX CXEM IPOIECY KUITIHHS HE TA€ThCA, K
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MpaBWJIO, BIANOBIAI HAa NUTAHHS, YW BIUIMBAIOTh YMOBHM YTPYIHEHHS Ha
IpoLec KUIIHHA 1 SK BOHM BIUIMBAaIOTh HA BEJIIMYMHY TEMIIEPATYPHOIO
Haropy, KoedilieHT TeIIOB1A/1aul, peKUMY PyXy MAPOPIAUHHOT CYyMIIlIi Ha
MOBEPXHI HArPiBY 1 Tak Jani

Ananiz ocmannix 0ocniodxcens. Y 1A poOOTI BUKIIAAEHI PE3yJIbTATH
eKCIIepMMEHTAJIbHUX JOCIDKEHb IO KHWITIHHIO BOJM Ha TIAAKIA 1
OpeOpeHiii  MOBEpXHSAX B TOPU3OHTAIBHOMY  KUIBLEBOMY  KaHal.
['eomeTpuuni mapameTpu KaHaly 1 €KCIEPUMEHTAIbHUX  3pa3KiB
npesacTaBieHi B Ta0m. 1.

Tabmuis 1 - 'eomeTpuuHi napamMeTpu KaHally 1 €eKCIEPUMEHTAIbHUX
3pa3KiB

Ne do, Do, dBH, Sp, 80, |o, ST, 8cp, Fo, F3, D do/D
3pa3ka | MM | MM | MM | MM | MM | MM | MM | MM M2 | M? | MM | Do/D
1 25| - 16| - | - 1320 - | - [0,025| — | 70 | 0,357
2 2515016 | 4 | 4 |320] 4 | 4 - 10,1] 700,714

ne do— miamerp 3paska mo OCHOBHIM moBepxHi; Do— 30BHIIIHIN AiamMeTp
pebpa;dBE— BHYTpIlIHIN HiaMeTp 3paska; S,— KpPOoK pedpa; do— TOBIIMHA
pebpa y #oro ocHoBi; lo— moBxuHA 3pa3ka; §,— TOBIIUHA TOPI pedpa; Ocp—
cepenHs TOBIIMHA pedpa; Fo— mioma 3pa3ka Mo OCHOBHIM MOBEpXxHI; F,—
MOBHA 30BHINIHS IUIOIA 3pa3ka, D — 30BHINIHIA AiaMeTp KUIbIIEBOTO
kaHany; Do/D — BiqHOCHUH pOo3Mip KUJTBIIEBOTO KaHAIY.

Ocnoeéna uwacmuua.JIis TPOBENEHHS EKCIEPUMEHTIB CTBOpPEHA
YCTaHOBKa, BUMIPOOOBYBAaHUMN BY30J SIKOi MOKAa3aHUM Ha puc. 1, a 3pa3ku —
Ha puc. 2. PinuHa, mo morpita 10 TeMrepaTypu HACHYCHHS MPHU TAaHOMY
TUCKY, MOJaBajiacs yepe3 HIKHINA naTpyOOK B KUIBLIEBUU KaHal, a MapoBa
(daza Oe3nepemKkoaHO BIABOAMWIIACS 4Yepe3 BEpXHIM mnaTpyOok. 3pasku
BUTOTOBJISUTHCS. 3 AIOpaltoMiHil0. BumpoOoByBaHMii By3071 MaB OTJIsiIOBE
BIKHO Il BI3yaJIbHOIO CIIOCTEPEKEHHs 3a mpoiiecoMm kuminHs IIponec
KHITIHHSA TPOXOJUB MPAKTHYHO IMPH BUIBHOMY pyci pimuHH (IIBHIKICTH
PyXy PIIMHH, IO TOJAETHCS Yepe3 HUKHIM maTrpyOoK, ckianana OJIU3bKO
0,01 m/c). Ycepeauni KOXKHOTO 3pa3ka 3HAXOJIUBCS eeKTpoHarpiBau. Ha
OCHOBHIA MOBEPXH1 3pa3KiB 1 B pedOpax ¢pe3epyBaiucs KaHABKU ISt
YCTAHOBKH TepMomnap, siki MOTIM 3aKapOOBYBAJIUCS BKJIAIUIIIAMM.
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I[Ipu o00poOIll eKCHepUMEHTANbHUX JaHUX 3a TeMIepaTypy
HacUuYeHHs Opanacs TemmepaTypa, 3MipsHa JBOMa TepMoOIapamu,
pO3TalllOBAaHMMHU B MMApOBOMY MpPOCTOpi 1, KpiM TOro, iXx JaHi
KOHTPOJIFOBAJIUCS 3pa3KOBUM MaHOMETPOM.
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Puc.2. 3pa3ku TpyOoOK: a — Tiiagka TpyOka; 6 — opeOpeHa.

3a TeMmeparypy TOBEpXHi Opayacsi cepeaHss 3 pe3yJbTaTiB
BUMIPIOBaHHS JIEB'SITH TEpMOTap, pO3TAIIOBAHUX B TPHOX MEpepizax

Temneparypa mnoBepxHi peOpa BuMiproBajiacsi B TPhOX TOYKaX: B
OCHOBI, B CEpeIHbOMY Tiepepi3i pedpa 1 Ha Topili pedpa.

[loTyxHicTh enextpoHarpiBaya W 3MipsiHy BaTMETPOM, BIIHOCUIIU J10
MOBHOI 30BHIIIHBOT TOBEPXHI TIAIKOTO 1 OPEOPEHOTO 3pa3KiB.

KoedimieHnt Temnosianayi o po3paxoByBaBcs o Gopmydi

(1)

PesynpTaTé OTpUMaHUX EKCICPUMEHTAIBHUX NaHWX IO KHUITIHHIO B
KUIBIIEBOMY KaHalli 1 Ha TJajKii 1 MO3J0BXKHBO OpeOpeHiil TpyOkax
(3pa3kax) HaBeJeHUX Ha puc. 3 i 4.

o= .
t —

(0]

q: 107, Briv® Fuminug ¥y seniiomy
;g A — e

30
25
20
15
10

0
0 5 10 15 a°C

Puc. 3. 3anexnicts =f(At): A — rnaaka TpyOa; o — pebpucra Tpyoa.
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Puc. 4. 3anexwnicts 0=f(q): A — riragka Tpy0Oa; © — pebpucra TpyOa.

Sk BUAHO 3 TpadiyHUX 3aJEKHOCTEN, KOSDIIEHTH TEIJIOBIAAAY] pU
KUIIIHHI PIIWH Ha peOpUCTIM MOBEPXHI 3HAYHO BWII, HIK Ha TJIAAKIA 1,
KpIM 1bOTO, PEXUM PO3BMHEHOIO KHIIIHHI HACTyMae MpU MEHIIUX
3HAQUYEHHSX TYCTUHH TEIJIOBOTO MOTOKY (] 1 TemmnepaTypHoro Hamopy At. Sk
MOKa3yIOTh JCsKi aBTOpH, [1] y HOPIBHAHHI 3 KHIIIHHAM y BEJIMKOMY 00'eMi
Take, 10 BIIOYBA€ThCS MPHU KUIIHHI HA OpeOpPEHUX IMOBEPXHSAX BEAE 10
30UIBIIIEHHS IHTEHCUBHOCTI TEIJIOB1/I/1au1 MOB'sI3aHO1 31 CBOEPITHICTIO YMOB
BUHUKHEHHS, 3pOCTaHHsS 1 BiApuBy OynbOamiok. IIpouiec kumiHHS Ha
peOpUCTIi TMOBEPXHI MPOJOBXKYETHCS TMPU MEHIIUX TEeMIEpaTypHUX
eanopax, YMM Ha TJAAKIA. ABTOpPU MOB'A3yIOTh I1I€ 3 OCOOJIUBOCTSIMU
TEIIO00MIHY 1 TIAPOJMHAMIKH, SIKI CTBOPIOIOTH CHPUSTIUBIIIT YMOBU JIJIsi
3apOKEHHS 1 3pOCTaHHS MapoBUX OyIbOAIIOK.

3apojkeHHsT OynbOalok BIIOyBaeThcs OUISI OCHOBU pebep, e
CIIOCTEPIra€ThCsAd HAWOLIBIINKM TIEperpiB  PpiAWHHU, 110 TPUBOAUTH 0
30UIBIICHHS] TOBIIMHU TMEPErpiToro Imapy, a le TMOKpallye YMOBHU
3pocTaHHs mapoBux OynbOamok. KpiM 1poro, B mpoiieci 3pocTaHHA 1
nigiomMy OynbOallky BiIOYBaOTHCA IHTCHCUBHE BUIIAPOBYBAHHS PIAVHU B
OynpOamKky 3 Mapy MeperpiToi PiAMHHU, IO 3HAXOAUTHCI MDK HUM 1
pebpom. Ha iHTeHcHdikamilo mpoliecy TEIIO00OMIHY Ha peOpucTiii
MOBEpPXHI ICTOTHUW BIUIMB YUHUTH TipoJuHaMika mpouecy. PebOpa
BUKJIMKAIOTh TYpOYJEHTHI MyJibcallli MpU 3pOCTaHHi, BIAPUBI 1 MigHOMIi
Oyb0AaIIoK, IO MiJICKITIOE IHTCHCUBHICTH TeII000MiHY [1].

TennooOMIH TpW KHUMIHHI B KUIbLIEBOMY KaHaJll B MOPIBHSHHI 3
KUIIHHSAM Yy BEJMKOMY 00'eMi Ma€e CBOi OCOOJIMBOCTI SIK MpPH KHUITIHHI Ha
[NaIKid  TOBEpXHI TeIIooOMiHYy, Tak 1 Ha opeOpeHid. BizyanbHi
CIIOCTEPEXKEHHS MOKa3aliy, 10 MepIill LEeHTPU NapOTBOPEHHS BUHUKAIOTH
Ha HIDKHIN TBIpHIM rMagkoi TpyOKH 1 B MIXXKpeOepHOMY ITPOCTOPI peOpUCTOi
TpyOKu (011 ocHOBU pedpa) [3,4].

st rnaakoi TpyOKM PeXUM BUIBHOI KOHBEKIII CIIOCTEpIraBcs 10
3HAUYCHHSI TYCTHHM TEIUIOBOTO MOTOKY HpHOIm3HO piBroi 8500 Br/M% a
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po3BUHEHEe KuMiHHA HacTynano mpu q=11500-11800 Br/M?. {ist pebpucroi
TpyOKH 111 peskumu O0yiu BianosigHo 6700 Br/M?% i 9400 Br/Mm>.

[3 301IbIIEHHAM TEIUIOBOIO HaBaHTa)KEHHS 30LIbIIyBasIacs KUIBKICTh
LIEHTPIB TMAapOyTBOPEHHs, JpiOH1 OynpOamku 3IUBaNIKCS B OLUIbIII,
B1I0yBaBCsl iX BIIPMB 1 BOHU KOB3aJdW IO MOBEPXHI, 30UIBIIYIOUM CBIA
o0'em [3].

Ha peOpucrtiii TpyOI11i crioctepiragocsi MHOYTBOPEHHS — CKyMYEeHHI
Oynb0aloKk Ha TOPIEBIM 4YacTUHI pedpa, sIKe PO3MOBCIOKYBAJIOCH Ha
HIDKHIO YacTUHY pelep, yTBOPIOBaBCA OylIbOAIIKOBHI MpPOILIAPOK, SKUN
3aMOBHIOBAaB MIKpPEOECpHU MPOCTIp MO BCIA JOBXKHUHI 3pa3Ka, IKUM CTIHKO
30epiranacsi, a JOCSATHYBIIM BepIIMHU peOpa, BiaOyBaBcs ii BiapuB. llpu
3MiHI TEIJIOBOTO HABAHTAXXEHHS y 3BOPOTHOMY HAMpsIMKy KapTUHA
mpolecy KHUIIHHS 30epiranacsi, NpPOTE€ PEXKUM PO3BUHEHOTO KHUITIHHS
PO3IOBCIO/KYBaBCsl Ha 00JIacTh, paHillle 3alHATY BUIBHOI KOHBEKIIIEIO
Hagite npu q < 300Br/M° Ha HmkHiil TBipHIH pe6pHCTOi MOBEpXHI
CIIOCTEpirajucs MEHTPH MapOyTBOPEHHS 3 HU3BKOI YacTOTOIO BimpuBy [3].
[Ipu HacTaHHi PO3BUHEHOTO PEXHUMY KHUIIHHS Yy BEPXHIA YacTUHI
KUIBIIEBOIO KaHajy CIOCTEpIraBcs MNPAKTUYHO CYUUIBHUN TapoBUM
MPOIIAPOK, SIKUM «BIATUCKYBaB» BUIbHY MOBEPXHIO KHUIUISIYOI PIIUHU A0
MOBEPXHI TEMIOOOMIHY, 30UIBIIYIOYM CTYMiHb TypOyii3amii 1 4acToTy
BiipuBy OynbOaImiok, 10 MPUBOAMIO 10 3OUIBIICHHS TEIUIOBIAAa4Yl B
MOPIBHSAHHI 3 KUMIIHHSIM Y BEJIMKOMY 00'eMI.

Kpim Toro, mpu HacTaHHI PO3BHHEHOIO PEXKUMY KHUITIHHS SIK JJIs
rIagkoi TpyOkW, Tak 1 1y pedpuctoi B obmacti 3HadeHs (=11500-
42500B1/M° criocTepiranocst He 30LIbLICHHS TEMIIEPaTypPHOro Hamopy At, a
fioro 3uwkeHHs Ha 2-2,5 °C (puc.3.). V miit obmacti ( TeMneparypHUn
HAIIp 3aIMIMIABCS MOCTIMHUM 1 uure npu q=42500Bt/M° TemmeparypHuii
HaIlip MOYMHAB 3HOBY 3POCTATH.

Taky «mnoBeniHKy» At MOXHa TMOSCHUTH HACTYIHUM UYHUHOM:
3arajibHOBIJIOMO, IO MPU KHUIIHHI Yy BEIUKOMY 00'eMi 13 301UIbIIEHHSIM
TYCTUHM TEIUIOBOTO NOTOKY TemiepatypHuii Hamip At=ty—t, 3pocrtae
nponopiiiiao ¢ (1) i npu crummBaHHI OyJIBOAIIKK Ha Hel HE MPOSBISETHCS
aist Oyn0-sKoi sSK0i-HeOyIb TOMITHOT 30BHIMIHKOT Aii [4]. [Ipn kummiHHI X B
KUIBLIEBOMY KaHall 3'ABJISIETBCA TaKUW €JIEMEHT «yTPYJIHEHHS», SK
30BHINIHS TIOBEPXHS KUIBLIEBOTO KaHaTy, IO MEPEIIKOKAE CIUIMBAHHIO
napoBoi OynpOamiky, 1O 30UIbLIYyE TIAPOJAMHAMIYHUNA OMHIp PyXy
MapoOpIIMHHOI CyMINIl, 1 COpUsi€ TMOsABI B HIM TIpaal€eHTa THUCKY, UIO
MPUBOJAMUTH O IHTEHCHUBHINIOIO BiABEIEHHS IMapoBoi (a3, a 3HAYUTH, 1
TEIJIOBOi €Heprii BiJl MOBEpxHI TermaooOMiHy. OTxe, B AaHid oOnacTi
T'YCTHHA TEIUIOBOTO MOTOKY YMHHHK TPAJIEHTY TUCKY (KYTPYIHCHHS»), IO
NPUBOAUTH A0 30UIbIIEHHS KoedillleHTa TEIJIOBiAJaul 1 3HWKEHHS At,
MPEBATIOE HAJ] YNHHUKOM 301UTbIIeHHs At 13 30inmpmennsm (. Ha puc. 31 4
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11 o0siacTh BuaiieHa. L[ ocobnuBicTh 3amexHocti =Ff(At) xapakTepHa sk
JUTS TJIAJIKOI, TaK 1 1Jist peOpUcToi TpyOoK.

Bucnosku. ITnTencudikaiiis mpoiiecy TErI000MiHYy PU KUIIHHI PITUH
B KUIBLIEBUX KaHalaX B1IOYBA€ThCSA 3a PAXyHOK IOSBH Ipaji€HTa THUCKY,
00 MOPUBOAUTH A0 30UIbIIEHHS KoedillieHTa TEIUIOBIAAaYl, CTYyMHeHs
TypOymi3ailii MapopiAMHHOT CyMIllll 1 3MEHIIEHHS TEMIIEPATypPHOTO
HAaTHUCKY MK TEMIIEPATYPOIO MOBEPXHI 1 TEMIIEPATYPOIO HACHUCHHS.
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KUIMEHUEXXUJIKOCTEUBIOPU30OHTAJIBHBIXKOJBIEBBIXK
AHAJIAX

Jlomeiiko O.I1., Kyninuenko B.P., Kanranoscekuii B. 1.

Auuomauu}l —  paccMaTpuBacTCd KHICHHC )KI/IIIKOCTeﬁ B
KOJbIEBbIX peﬁpncnﬂx H TINIaJKHX TOPHU30HTAJIBHBIX KaHa/JIaX,
onpeae/adaercd BJIAUAHHC PAasHOCTH TeEMIIEpaTyp Ha HHTCHCHBHOCTD
TEIIJIOBOTO IMOTOKA H KO3(1)([)I/IIII/IGHT TCILVIOOTAa49Y4 M UX CPaBHCHHUA C
npoueccoM KMIICHUSA B 00Jb1I0M 00BbeMe.

BOILING OF LIQUIDS IS IN HORIZONTAL CIRCULAR
DUCTINGS

A. Lomeyko, V. Kulinchenko,V. Kaptanovskiy

Summary
Boiling of liquids is examined in circular ribbed and smooth
horizontal ductings, determined infused into the differences of
temperatures on intensity of thermal stream and coefficient of heat
emission and their comparing to the process of boiling in a large
volume.



