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B pesynbrari npoBeneHHs ekcrie-
PUMEHTAIBHUX JOCTIHKEHb Ha (Pi3md-
HId MOJEINi, TEOMETPUYHO TMOIOHIN
TUTNOBOI KaMepHOI medi 3 BUKATHUM
MOAOM, JIOCIHiI)KEHO KOHBEKTHBHUI
TETI0O0OMIH TIPH IMITYJILCHOMY Ta 0e3-
IMITYJTbCHOMY pPE&XHMax Iofadi Tell-
noHocig. OTpruMaHO KpUTepiabHi piB-
HSHHA Uil OOTIKaHHS Til KyOidyHO1
¢dopmu Ta 0OrpyHTOBaHO (HaKT MOCHU-
JIeHHSI KOe(illi€HTy KOHBEKTHUBHOI Tell-
noBinmadi Ha 10...15 % npu mepexoxmi
Ha IMIyJIBCHUH PEXUM IIOHavi Tell-
JIOHOCI.

B pesynbrare mpoBeneHUS DKC-
NEPUMCHTANBHBIX HCCIICIOBAaHUN Ha
¢usnyeckolt MoJeNH, MOMOOHOW TH-
MOBOM KaMEpHOW Ie4H C BBIKATHBIM
MOJIOM, HCCJIEIOBaH KOHBEKTUBHBIN
TETI000MEH TIPH UMITYJIBCHOM M 0e3-
UMIYIbCHOM DPEXUMax TIOfadd Terl-
snoHocutens. llomydyeHsl KpuTepuab-
HBIE YpaBHEHHs Ui OOTEKaHUs Tel
KyOudeckoli (opMbl M 00OCHOBaH
¢dakt ycuneHus kod(hduiueHTa KoH-
BeKTUBHOU Termoormaun Ha 10...15 %
MpH TIEepexoe Ha HMITYJIbCHBIH pe-
JKUM TI0Ia91 TETUIOHOCUTEIISL.

As result of experimental studies
on the physical model, which is
geometrically similar to typical chamber
furnace with rolled out hearth, was
study of convective heat transfer in a
pulsed and unpulsed coolant supply
mode. Appropriate criteria equations
are obtained for cross flow of cubic
bodies and 10...15 % intensification of
convective heat transfer coefficient is
grounded in case of heat transfer agent
supply change from unpulsed to pulsed
mode.

buba. 8, puc. 5, Tabmn. 2.

KirueBble ciioBa: BO3AYITHOC OXJIAXKIACHUC, KaMCpHasd ICYb, I/IHTeHCI/I(i)I/IKaI_II/I}I KOHBEKTHBHOI'O TEILIO00-

MCHA, UMITYJIbCHAA 1moaavda TCINIOHOCUTCIIA.

a — ko3 unmeHT TypOyJICHTHOCTH TTOTOKA;

b — crenensb npu Kpurepuu Re;

¢ — cTeneHb npu Kputepun Sh;

D — nuaMeTp CTpyH B TOUKE U3MEPEHHUS, M;

d — XapakTepHBI pazmMep 001yBaeMbIX Tell, M;

h — MHOXKUTEITh UMITYJIbCHOTO KPUTEPHATHEHOTO
YpaBHCHHS,

M — ACXOMTHAsI Macca 00TyBaeMBbIX T, KT;

1 — KOJTIMYE€CTBO KYOHKOB, IIT.;

P — KOJIMYECTBO YYACTBYIOIIUX I'paHel B TEMJI000-
MEHe€, IIT.;

¢ — YICIIbHBIN TETUTOBOM MOTOK, BT/M?;

q.., — YIeIbHas TEIJIOTAa IJIABJIEHUS JIbIa, KJDK/KT;
7 — pagnyc cormia, M;

S — paccrostHUE OT coIuIa JI0 KyOuKa, M;

At — pa3zHuLa TeMiepaTyp Tena u Bozayxa, °C;

4 — KOMITJICKCHBII MHOXKUTEIb JJIs1 UMITYJIbCHOTO
KPUTEPUAILHOTO YPaBHEHHS,

ur — 00beM BOJIbI B MEH3YpKeE, M>;

V' — cpenHui CEKyHIHBIM pacXo BO3AyXa 4epe3
COILI0, M>/C;

W — CKOPOCTb MTOTOKA BO3yXa, M/C;

X — k03P PUIHEHT, yUUTHIBAIOUINI 11epexo]] (OpMBI

oT Ky0a K mapy;

X — KOMIUIEKCHBIN MHOXKHUTENb JJ1s1 0€3UMITYJILCHOTO
KpUTEPHUAILHOTO YPaBHEHUS;

Yy — PacCTOSTHUE OT OCH JI0 TOYKHU NU3MEPEHUS CKOPO-
CTH, M;

Z — MHOXUTEJH 0€3UMITYJIbCHOTO KPUTEPUATILHOTO
yYpaBHEHUS,

Nu — kputepuii monobust Hyccensra;

Pr — xpurepuii nogo6ust [Ipanmms;

Re — xputepuii nogobus PeitHomnbaca;

Sh — kpurepuit nogobust Ctpyxans;

0 — K03 (HHUIMEHT KOHBEKTUBHON TEIIJIOOTAAYH,
Bt/(m*-K);

A — k03 (DUIMEHT TETUTONPOBOTHOCTH BO3/IyXa,
Bt/(m-K);

V — KHHEMaTH4eCcKasi BSI3KOCTh BO3IlyXa, M%/c;

p — IUIOTHOCTh, KI/M?;

T — KOJIMYECTBO CEKYH]I MKy KOTOPBIMHU MTPOUC-
XOJIUT CPaBHEHHE CTOKa, C;

( — 4acToTa IyJIbcalui noToka, [ .

BepxHue u HUKHUE MHIEKCHI:

UCX — UCXO/IHAS,

I ()

B — BOJIA;

0 — oTHOCHTCS K XapaKTEpHBIM pa3MepaM COILIa;
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I1 — OTHOCHUTCS K IISITHY CTPYH;

Cp — CpEIIHHIA;

JIy4 — JIy9UCTBIN;

i — yKazaTesb MOMEHTa BpeMEHHU ¢ 1aroM 50 cexyHI.

Ananu3 nybnukayuii no meme uccied008anus

B HacTosiiee Bpems cyliecTByeT OOJbIIOE KO-
JIMYECTBO TEXHOJIOTUYECKUX MPOLIECCOB, CBSI3aHHBIX
C KOHBEKTHBHBIM TETUI000MEHOM. D(PPEKTUBHOCTH
0ol YacTH TaKMX MPOLIECCOB 3aBUCHUT OT Kade-
CTBEHHOTO IPOBEJEHUS ONepaluil HarpeBa/oXjiax-
JCHUST U3JeNus, B 0COOEHHOCTH B HHM3KOTEMIIEpa-
TypHOM nuamasone [1]. OgHo#t u3 mpobiem, CBsi3aH-
HBIX C PacyeToM KOHBEKTMBHOIO TEMJI0OOMEHa, SB-
JISIeTCSl OTCYTCTBUE JAHHBIX O 3aKOHOMEPHOCTSIX €ro
MPOTEKaHUsl B KOHKPETHbIX arperarax [2]. [Ipakrtu-
YECKH OTCYTCTBYIOT OOIIETIPUHATHIC METOIUKHU IS
TEIUIOBOTO PacyeTa MHOTMX TEXHOJIOTUH, B OCHOBE
KOTOPBIX JIEXKHUT MPOTEKaHUE KOHBEKTUBHOTO TEILIO-
oOMmena. Tak, Hampumep, B JIUTEpaType AUANA30H
BO3MOXKHOTO M3MEHEHHWs 3HaueHus KodpduimeHnrta
KOHBEKTUBHOM TEIUIOOTAA4Yd HpPU BO3AYIIHOM 00-
JyB€ 3arOTOBOK B METAJUIyprU4ecKuid rmedyax ompe-
nemsercs kak 10...30 Br/(m*K), nmpu 3ToM BeIOOp
KOHKPETHBIX 3HAYEHUN Ha MPAKTHKE MPOU3BOAUTCS
Ha OCHOBAHUM OIIbITA KccieaoBaress [3].

W3 nuteparypbl M3BECTEH Psii KpUTEPUATbHBIX
ypaBHEHUM, OMHUCHIBAIOIIUX KOHBEKTUBHBIN TEILIO-
oOMeH B WACaTM3MPOBAHHBIX YyCIOBUsX. Hampumep,
JUISL ONPENENIEHNUs YCPEOHEHHBIX 10 IMOBEPXHOCTH
UWIMHApPA 3HAaYeHUH Kod((UIMEeHTa KOHBEKTHB-
HOM TEIUIOOTAa4YM ISl CiIydasl MOIEpPeYyHOro ooTe-
KaHHS WCIOJB3YIOTCS CIIEAYIOINE KpUTepruaabHbIC
ypaBHeHus [4]:

npu Re < 1000 Nu = 0,56-Re"*-Pr, “**(Pr_/Pr_)**;
npu Re > 1000 Nu = 0,28-Re**-Pr **(Pr /Pr_)"*.

CTouT OTMETHTh, YTO B pealbHBIX arperarax
TUAPOAMHAMUYECKAs] KapTHHA, KaK MPaBUIIo, Cylle-
CTBEHHO OTJIMYAETCS OT WACATU3UPOBAHHBIX CXEM.
[ToaToMy B uaeanbHOM ciy4ae KaxKJ10M TEXHOJIOTH-
YECKOM CHUTyaIlH JOJDKHO OBITh COITOCTABIEHO CBOE
KpUTepuaibHOe ypaBHeHUe. B naHHOl pabote uc-
CJIETOBAaHUE COCPEIOTOYEHO HA BO3AYIIHOM OOIyBe
Ten Kyonueckon (popMBI.

B mpakTtryeckoM acriekTe BO3HHKAIOT MpooIe-
MBI TIPH WHTEHCU(UKAIUA KOHBEKTHBHOTO TEILIO-

k — ykazarenb MOMEHTa BpeMeHHU ¢ 1marom 50 ce-
KyHJl, CMEIICHHBIM HAa 5 CEKyHJ OT MOMEHTa Bpe-
MEHU 1.

oOMeHa B pa3IMYHBIX TEXHOJOTUYECKHUX TPOIIECCaXx.
Hanpumep, onepanys BO3IYHIIHOIO OXJIQXKJIEHHUS H3-
JIEJIMN TIPU OT/KUTE CTAJIbHBIX JIMCTOB B KOJIMAKOBBIX
neyax anured 60...90 yacoB [5] ¥ Ha NpaKTUKE UMeE-
eTcsi HeOOXOAMMOCTh TOMCKA MyTeH YCKOPEHUS 3TO-
ro nporecca. Takoro 3¢dexra MOXXHO AOCTUYD pa3-
JUYHBIMU CIIOCOOAaMHU, OIMH M3 KOTOPBIX 3aKJII0Ya-
€TCSl B CO3JJaHMH HU3KOYACTOTHOTO ITyIbCUPYIOLIETO
MOTOKA OXJIaXmaromen cpenbl. OgHaKo B HACTOS-
mee BpeMs CIOCOObl MHTEHCU(HUKAIMN KOHBEKTHB-
HOTO TEIJI00OMEHa HYKJIAIOTCS B JONOJIHUTEIBHOM
TEOPETUYECKOM, DKCIIEPUMEHTAIBHON M TEXHUYEC-
KOU MpopadoTKe.

Ilocmanoexa 3a0auu uccneoosanus

Lenp manHOW pabOTHI — MCCIIEOBAHKE TPOIIEC-
Ca KOHBEKTHBHOTO TEIUIOOOMEHA B I€4ax KaMEpHO-
ro THMA JUIsl CIy4aeB UMIYJIILCHOTO M OC3UMITYIIbC-
HOTO 00/yBa TeJ KyOMuecko (HhOpMBI, a TakkKe ycC-
TAHOBJICHHE COOTBETCTBYIOIIMX KPHUTEPUAIBHBIX 3a-
BUCHUMOCTEH.

H3noorcenue ocHoeHbIX mamepuailos
uccneoosanusn u pesyiomamoe

Jlis mpoBeneHHs 3KCIIEPUMEHTATbHBIX HCCIIe-
JIOBAaHWI TIPOIIECCOB KOHBEKTHBHOTO TEIJIOOOMEHA
co3naHa jaboparopHasi MOJElIb KaMEpHOH meuu ¢
JBAJAThIO COIJIaMU JUIs UCTEYEHHs Bo3ayxa. Mo-
JeJib TeOMETPUYECKH TOJ00HA KaMEpHOW Me4H C
BBIKATHBIM TIOJIOM, B KOTOPOW MOTYT pPEaJI30BHI-
BaThbCs OMEpaliil TEepPMUYECKOM 00paboTKu u3fe-
JIMI: HarpeBa, BBIACPKKUA M BO3AYIIHOTO OXJIaxK[e-
HUSl 3aroTOBOK. Mcciemyemble Tena MpeAcTaBIIsIOT
€000 NieisTHpIe KYOUKH C pazMepaMu TpaHeit 17 mm.
Bribop marepuana mccienyembix Tea 00yCIOBJIEH
OTCYTCTBUEM HEOOXOJMMOCTH HU3MEPEHUS TeMIe-
parypbl MOBEPXHOCTEH 00pabaTbiBaeMbIX Te, IO-
CKOJIbKY TIPH TAaKOM TIOAXOJE WX TeMIieparypa siB-
nsiercs noctosiHHoM (mopsiaka 0 °C).

Jlns ompeneneHusl TeMna IUIaBICHHS JIbJa TOJ
MIEYU BBIMIOJHEH JBYXypOBHEBBIM. [lepBbIii, Bepx-
HUI YpOBEHD, SBISIETCS PEUIETYaThIM U HA HEM pac-
M0JIaraloTCsl 3aroTOBKH, a BTOPOM YpOBEHb HMEET
JBOMHON YKJIOH W TpeIHa3Ha4eH JUis coopa Kua-
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KOCTH, OOpa30oBaHHOW B pe3yJbTare OIUIaBICHUS
ten. Kopnyc neuu BBITIONHEH W3 TETUIOU3O0JIAINOH-
HOTO Marepuana, yToObl MUHUMHU3UPOBATh TEILIO-
oOMeH ¢ OKpyKaromel cpeaoi uepe3 cTeHku. Do-
torpadus pabodeil kaMepbl YCTAaHOBKH NpPUBEICHA
Ha pUCYHKe 1.

JlaHHas MozeNb MOJAKIIIOYEHA K CETH C HarHe-
tarenem tuna [1H-125-65. [lo xomy kaHanma pac-
MOJIOKEHO YCTPOMCTBO MJII M3MEpPEHUs pacxoja
tuna PI'-40. JlaGopatopHas Monenb Me4n UMeEeT
JBa BO3JYIIHBIX KOJUIEKTOpa AUAMETPOM 45 MM,
MIPOJIOKEHHBIX BJIOJIb CTE€H, U COIEPKUT JBAILAThH
COIeN JUaMETPOM MO 5 MM JJisi UCTEUYEHUS BO3IY-
xa. Jlns ymaneHust Bo3ayxa M3 MOJENH MPEayCMOT-
PEHO OTBEpPCTHE B CBOZAE. B yCTaHOBKY 3arpykaror-
Csl TeJla U pacroyiararoTcs HAIPOTHB COIEN Ha CIie-
UHUAIBHON PEIIETKE.

Jnst ucciieoBaHus MyJbCUPYIOIIETO peXUMa
MOJIauM  OXJIAXKJAIOIIETO BO3/1yXa pPAaCCMOTPEHHAs
YCTaHOBKAa OCHAIIEHa YCTPOMCTBOM JUIsl CO3/1aHHUSA
HU3KOYACTOTHBIX MyJbCAalUi B MOABOSIIEM TpY-
OompoBOJIe, TPEACTABISIOMMUM COOOM 3aCIOHKY,
cozparomyr 87% mepeKkpbITHE CEYEHMs KaHala
npu noBopote Ha 90°. 3acioHKa, B CBOIO OYEpEnb,
pa3MmellleHa Ha Bajy, BpallaeéMOM »3JIEKTpOJABUrare-
JeM C TOMOUIbI0 PEMEHHOH Mepeaayu; Mpu TOM
UMEETCS BO3MOXHOCTh W3MEHEHHs 4YacTOThl Bpa-
nieHus. /BrkeHue 3acOHKHM MPOUCXOAUT IO rap-
MOHHYECKOMY CHHYCOMJIaJIbHOMY 3aKOHY. 3asiBJICH-
HBIM MPOIICHT MEPEKPHITUSI CEYCHUS KaHalla TMOIy-

YeH HUCXOS W3 MPAaKTHYECKUX COOOpakKeHUM: mpu
BHYTPEHHEM JHAMETpe Pa3BOISIIETO TPyOOIpo-
Boga 45 MM OTCTyN 3aclIOHKH IO NEPUMETPY Ka-
Haja BBIOpaH Ha ypoBHEe 1,5 MM I HCKIIOYe-
HUSl 3aKJIMHUBAHUS 3aCJIOHKH U CHW)KEHUS YPOBHS
NEeperpy3Ku HarHeTaress 3a CYeT OTCYTCTBHS IOJI-
HOT'O IIEPEKPBITHS KaHAJIA. YCTPOMCTBO Ui CO37a-
HUS MyTbCAalluii CIIOCOOHO TeHEPUPOBATH YACTOTHI
B nuanaszone ot 0,1 mo 1,7 I'm. B manHoit pabote
Obla BeIOpaHa vactora 1,15 I'm. ®ororpadus yc-
TpOICTBa IpUBeAeHa Ha puc. 1.

[IpoBeneHne >KCIIEPUMEHTOB B UMIYJIIBCHOM U
0€3UMITYJIbCHOM PEKMMaxX MOJHOCTbIO aHAJIOIMYHO.
[Ipu npoBeaeHHH 0OOMX SKCIEPUMEHTOB CPEIHUN
CeKyHIHBIA pacxopn cpemsl cocraBimsur 0,012 m/c.
O0beM Bombl (DUKCHpOBANICA Kakable 15 cexyHn,
oOmiee BpeMs IPOBEIEHUS JKCIIEPUMEHTa COCTa-
BWIO 14 MUHYT.

N3menenne BO BpeMEHH OOBEMOB CTEKAIOIICH
JKUAKOCTH, OOpa3yIOUUXCs MPU TUIABJICHUU KyOH-
KOB JibJa, A7 O€3MMITYIIbCHOTO W HWMITYJIBCHOTO
PEXKHMMOB MPUBEACHO HA puc. 2. M3 prucyHKa BUIHO,
YTO Ha MEPBBIX MUHYTaX TEMI CTOKa HICHTHYEH B
JIByX peXHMax, HO C TEUYCHHEM BPEMEHHU HMITYJIbC-
HBI BapHaHT IOKa3bIBa€T MPUPOCT o0beMa U K
OKOHYAHHIO SKCIIEPUMEHTOB Pa3HHUIIA TOCTUTaeT T0-
psnka 7 %.

[Tockonbky B TedeHHHU uccienoBaHus Gopma 00-
JlyBa€MbIX TeEJI MOCTENEHHO OTKJIOHSIACh OT KyOu-
YECKOW 3a CYeT CIIXMBaHWA IpaHei, B pabore BBe-

Puc. 1. ®omozpagusa padoueit kamepvl Mooeau newu u yCmpoucmea 01 cO30aHUA NY1bCAYUIL.
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Puc. 2. Temnovt cmoxa 600vt 6 683“MnyﬂbCHOM U 6 umMnyibCHOM IKcnepumernmax,
O —3KcnepumenmasibHole 3HAYEeHUA npU uMnlebCHOﬁ nooaue 6030yxa, MJly
O —3IKcnéepumenmaiibHbleé 3HAUECHUA 6 6e3umnyﬂbcuom IKcnepumenme, M.

JICHO TIOHATHE KOA(PPHUIIMEHTa, YUUTHIBAIOLIETO I1e-
pexon ¢opmbl oT Kyba k mapy X. IIpu atom X = 1
COOTBETCTBYeT Kyouueckoil ¢popme, a X = (0 — mia-
pooOpa3Hoii. [[ns mcciienoBaHHOTO MPOMEXKYTKA
BpEMEHH B 000MX JKCIIEPUMEHTaX 3aJIaHO JINHEH-
HOe m3MeHeHue koddduimenta X or 1 mo 1/15 Bo
BpEMEHU.

Temn cTroka BOJbBI IMO3BOJUT OINPEACIIUTH W3-
MEHEHHUE pa3Mepa Tell BO BpeMeHHU. [[is Tena ynucTo
KyOunueckoit popmal:

dKY5i =13 mncx_uri'ps_ (1)
n-py
Jns Tena mapooOpa3zHoi hopMbI:
duep, _ i/g mmxn__r:ri "Ps ) (2)

Tornma PaCuU€THOC 3HAYCHHUC pasMCpa TCI I
IMPOU3BOJILHOI'O MOMECHTA BPEMCHH ONPCACIIACTCA
KaK:

d; =X-d®¥® +(1-X)-d"™.

WNwmes nanHble 00 M3MEHEHHHM TUAMETPOB TEI
BO BPEMEHHM MOXXKHO PacCuMTaTh TEIUIOBOH MOTOK,
MOJIBOAMMBIM K IOBEPXHOCTH Tell 1Mo (popmyse cie-
JYIOILIETO BUJA:

q = [(ur'l _urk).pg .QHJKZB’/{H'T.

2 2
wap wap
d e’ —d!

+(1-X)| =z~

2/ 2
wap“ | ywap
d*” /d}

[Tony4eHHBIN TEIJIOBOM IMOTOK IO3BOJISIET pac-
cuUUTaTh KOA(P(UUUEHT KOHBEKTUBHOM TEIIO0TIaun
JUTSI KOHKPETHBIX YCJIOBHM 110 (popmyIie:

o=-L,

At

Hwuxe, Ha puc. 3, npencrasiensl aBa rpaduxa
W3MEHEHHUsI CpeAHero Kod(h(dUIMEeHTa KOHBEKTHB-
HOW TEIUIOOTHAuu Ui JBYX CIy4yaeB: O€3MMITyJIbC-
HbIM, UMIOYJIbCHBIA ¢ 4yactoToit 1,15 I'y B 3aBuCH-
MOCTH OT BpemeHH. i manmpHeimieit oOpaboTku
JTAHHBIX BBIIENICHBI 15 BPEMEHHBIX Y3JIOB Yepe3 KaxK-
npie 50 cexkyHI.

CrouT OTMETHUTb, YTO JUIsl MOCIEAYIOLIEro MC-
MOJIb30BAaHUsl MOJMYyUYEHHBbIE KPUBBIE OBUIM PpEryis-
pU3HpPOBaHHI [6].

CpenHIol CKOPOCTh Cpeabl Y MOBEPXHOCTU 00-
JlyBa€MbIX TeJl MPEJIOKEHO OMNPEAENsATh KaK Cpel-
Hee apuU(PMETUYECKOE OT 3HAYEHUN CKOPOCTH B 4Ye-
THIPEX XAPAKTEPHBIX TOUKAX, B3SATHIX HA BEPTHUKAJIb-

42 ISSN 0204-3602. Npom. TennotexHuka, 2015, m. 37, Ne2



TEMJ1I0- K MACCOOBMEHHbBIE AIMTAPATHI

100

935

20

85 !

%0 AN

y VANV

o/ 7N
7

-
p4

3 4 5 6 7 8 ¢ 10 11 12 13 14 T

0e3umMnyIbCHbLIL 6apUanm

100

%5 .

h A

%0 T~ B L/-... L y

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1

lIMnlebCHblﬁ eapuarnm

Puc. 3. H3menenue korgppuyuenma KoneeKmugeHoIl menioomoadu 0 epemeHu
07151 08YX IKCHEPUMEHM 08, 20¢e 1 — 1omanasn, coeouHaIuwaa 6bI4UC/IeHHbIE HA OCHOBE
IKCHEPUMEHMATILHBIX UCCTe008AHUN 3HAYEHUA KOIPPUuUuueHmoe KOHEEeKMUBHOIL
menjioomoauu; 2 — peyiapusupo6annan Kpueas.

Puc. 4. I'paghuueckoe npedcmasnenue cxemul 0711 onpedeeHus cpeonell CKoOpocmu 0dmexanus,
20e 1 — conno; 2 — nunuu, nokaszviéaroujue ZpAHUYbl CMpyu; 3 — 0cb cmpyu; 4 — naAmHo Ha zpanuye
KoHmaxkma cmpyu u Kyouka, pazeepuymoe na 90° 5 — Kyouk ¢ HauanbHvlil MOMEHM 8PEMEHU;

6 — KyOuK 6 Konye IKCnepumenma; 7 — moYKu UsMepeHus 6 HauyaabHolil MOMEHM 8PEMEHU;

8 — mouku uzmepenus 6 KOHeUHbLIL MOMEHM 8DEMEHU.

HOM OTpe3Ke, MPOXOASIIEM Yepe3 OCh TOPLIEBOM CO
CTOpOHBI 001yBa Tpanu (1 — ToUka ¢ KOOPAWHATOM,
paBHOI BeIcOTE Ky0a; 2 —3/4 BbICOTHI; 3 — 1/2 BHI-
COTBI, 4 — TOUKa IMepeceueHHs] HIDKHEH o0pasyro-
uieil cTpyu ¢ TopLeBoil rpanblo Tena). ['padpuueckas
MHTEpPIIpETaUsl 3TOr0 TOJXOJa IpEACTaBlcHA Ha
puc. 4.

lpu onpenencHuu w_ y4TCHO H3MEHEHHE IU-
aMeTpa U3JIeNus IPU BbIYMCIICHUH BEJIMYUHBI .

Kak BuIHO Ha pHCyHKE, CTpysSl C HEKOTOpPOM
CKOPOCTBIO HCTEUEHHUsI PACKPBIBAECTCA U IOKPHI-
BaeT KyOMK, HaXOJIIMHCS Ha ygaJieHuH 33 MM OT
cora. /i1 ompeneneHus CKOPOCTU HAa OCU CTPYH,
B TOYKE, YJAJICHHOHW OT COIUIa Ha pacCTOsHHE S
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ucrnonb3yercs hopmyna [7]:

Vv 0,96
Wo, = ((H_D‘;pz J2) @Sy +029° ®

Crnenyrommm I1aroM sIBJISIETCS  ONpenesieHue
CKOpOCTEH Ha Pa3IUYHOM YyHAAJICHHUH OT OCH HC-
TEUEHUs] B TpenesiaXx MATHA KOHTAaKTa CTPYH H
nepeaHeil rpanu Kyouka. st 9Toro mcmosb3yercs
3aBUCUMOCTH [7]:

W, = [1 ~(y/D, )3"'"2]2 W o

JuameTp msTHA CTPyH BBIUMCISAETCS 1O Qop-
MyJIE:

D, =(0,517-S/Dy +1)- D,

[Toiy4enHpie M3MeHEHUs] KOA(MUIIMEHTOB KOH-
BEKTHBHOW TEIUIOOTJAYU U CPEJHEH CKOpOCTH 00-
TEKaHUsl TeJl MO3BOJSIOT MEPEUTH K BBIYHCICHUIO
KpUTEPHEB TOJO00MS, TAaKMX KaK KpuTepu:u Peii-
HonbAca, Hyccenbra ans ciydas Oe3UMITYIbCHOMN
nofayn cpensl U kputepus Crpyxamst Uisl Ciy-
Yyasi UMITyJbCHOM TOAA4YM Cpelbl IO CIETYIOIIUM
bopmynam:

W, "d;

cp 1
Re; = —2 L. -
1 v 2 1 ;\‘

d.
sh, = 2% (4

Wep

Ha ocHoBanuu IMOJIYUYCHHBIX PACYCTHBLIX JdaH-
HBIX JJIA 6e3I/IMHYJ'II>CHOFO pexuMa COCTaBJICHA

tabnuia 1, B KOTOPYIO BOIUIM 3HAYEHUsS OCHOB-
HBIX TIapaMeTPOB TpoIlecca U KPUTECPHHU TOI0-
Owust, B3siThIC Yepe3 Kaxapie 100 cexyH.

Jlist 6e3uMITY IbCHOTO JKCTIEpUMEHTa B Kadec-
TBE (HOPMBI OMPENEISIEMOT0 KPUTEPUAILHOTO YpaB-
HCHUS TPHUHAT CTAHAAPTHBIA IS BBIHYXKICHHOW
KOHBEKI[MH 111a0JI0H:

Nu = f(Re, Pr) = z-Re® - Pr %% (Pr,, /Pr, )", (5)
I7I€ UCKOMBIMHM BEJIMYMHAMM SBIISIOTCS MHOXHTEIb
Z W Tokaszarenb creneHu b. Tak Kak MHOXUTEIb
z-Pr®*(Pr /Pr)** sBnsercs IOCTOSHHBIM B Tede-
HUE BCETO JKCIEPUMEHTa, TO JISi HAXOXKICHUS HC-
KOMBIX BEJIMYMH OH OOO3HAYaeTcsi yepe3 X, IMocie
Yero IMPOU3BOIUTCS JIOrapu(pMHUpPOBAHUE JIEBOM U
MpaBoi YacTH BhIpaxeHHs (5) C MOCIEAYIOIUM
npencrasieHneM 3aBucumMocTtd In(Nu) = f In(Re)
B JIGKapTOBOM cHCTeMe KoopauHaT. Pemienue Oy-
JET TOJY4YEHO MpH IOMOIIM aNlpPOKCUMHUPOBAHUS
MOJIyYEHHOM KpHMBOM IpU MOMOLIM MPSMOW JIM-
Huu. Vckombie 3HaueHus b u In(x) Oymyt Haiime-
Hbl KaK MapaMeTpbl A3TOM NpsAMON (MHOXHTEIb
nepel apryMeHTOM M CBOOOJHBIM 4JIeH) MpOBe-
JCHHOM 4Yepe3 MacCHUB SKCIEPUMEHTAJBHBIX TOUEK
Ipyd TOMOINM METOJla HAWMMEHBIINX KBaJIpaToOB
(puc. 5). 3nadeHuss 3TUX KOA(PPUIHEHTOB COC-
taBisior 0,65 u -2,339 coorBercTBeHHOo. M3 mo-
JY4YEHHOTO 3HAYEHHUsS] KOMIUIEKCAa X MOXKHO HalTH
BEJIMYHMHY MHOXUTENS z, KoTopas coctasiser 0,109.

B kxoHeyHOM wuTOre mnolydyaeM KpUTEpHAIBHOE
ypaBHEHHUE, OMNHUCHIBAIOLEE KOHBEKTHUBHBIA TeEII-

Ta6n. 1. DkciepuMeHTaNbHO MOIYYEHHBIE 3HAUYCHHS XapaKTePHBIX (PU3UUECKUX BEJIMYMH JJIsi O€3UMITYIIbC-

HOTO peKHUMa 001yBa

3HaueHune 3HaYeHMS XapaKTePHBIX
HMuTtepBanbt Cpenmss ckopocTs KO3 PUIIUEHTOB HaMeT b P
Bpelxl/)leHH CPC/IBI OKOJIO TG?I(JII)OETII&‘{H I[Ten, Mp R
TIOBEPXHOCTH TeJa, M/C Br/(v2-K) Re Pr_ Nu

1 11,59 61,52 0,017 13055 36,36
3 11,46 67,37 0,016 12197 44,79
5 11,18 71,60 0,015 11081 41,23
7 10,69 72,43 0,014 9854 0.703 43,81
9 9,82 70,46 0,013 8361 ’ 34,87
11 8,94 67,06 0,012 7058 29,48
13 8,06 62,88 0,011 5867 28,39
15 7,19 58,48 0,01 4795 21,22
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Puc. 5. Pewwenue 6 nocapupmuueckux
Koopounamax, 1 — Kpueas IKCnepuUMeHmanibHbIX
3Hauenuil no2apugmos Nu, Re;

2 — annpoxcumupyilouwias npamas.

7000MeH s ciydas Oe3uMIyJIbCHOTO 001yBa
KyOMUYECKHX TEI:

Nu = 0’11 . Reo,ﬁs 'PI‘O'36' (PI‘M/PI‘C )0,25-

JInsi xadeCTBEHHOM OIICHKHM aNMpOKCUMAIINH
BOCHOJIb3yeMcsl (popMynaMu it HAXOXKIEHHS KO3(-
(UIIMEHTOB JIeTepMHUHALIMKA R* U Koppensuuu 7 [6].
Vkazannsie nmoka3arenu coctaBwin 0,79 u 0,89 coot-
BeTcTBeHHO. CornacHo mkajne Yenmoka [8], Haxox-
nenue r B uaTepBaie 0,7 <r < 0,9 cBUIEeTENbCTBYET

9.8 1a(Re)

O BBICOKOM Ka4€CTBEHHOW XapaKTEPUCTUKE CHUJIBI
CBSI3M MEXy IOJYYCHHBIMU 3HAUEHUSMH IpU all-
MPOKCUMAalMU U JAHHBIMH, MOJYYEHHBIMH B XOJI€
MIPOBEACHUS IKCIEPUMEHTAa M O TOM, YTO JIaHHYIO
BbIOOpPKY 3HAYEHUU CHpaBeASIMBO 00palaThIBaTh JIH-
HelHOM (QyHKIMEH.

Jns monydeHHs: KpPUTEPHAIBHOTO YpaBHEHUS
Py UMITYJICHOM MO/Aa4€ TEIUIOHOCHUTENS B Kadec-
TBE (DOPMBI OIPEAEIAEMOr0 YPaBHEHUSI IPUHSAT Clie-
IYIOIIUN 1Ma0IoH, COMACpKAIIUN  JTOTIOIHUTEITLHBIN
kputepuil Ctpyxains:

Nu=h-Re® -Pr®3¢. (pr, /Pr,)** -sh°, (6)

KOTOPBI CONEPIKUT YK€ TPU HEU3BECTHBIX BEJH-
yrHbl. K aHalOrMyHbIM HEM3BECTHBIM OE3MMITYIb-
CHOTO peXHMa J00aBJCHA CTENEHb IMPHU KPUTEPUU
Crpyxamns.

AHaNOrn4HO OE3UMITYJILCHOMY BapHaHTy OOpa-
OOTKM JaHHBIX Ha OCHOBAHMHU IONyYEHHBIX pac-
YEeTHBIX JAHHBIX JII WMIYJIBCHOTO PEXHUMa COC-
TaBJIeHa Tabimuia 2, B KOTOPYIO BOLUIA 3HAYCHUS
yepe3 kaxapie 100 cexyH.

B pesynbrare nmorapudMupoBaHUS BBIPAXKEHUS
(6) momyqaem:

In(Nu) =b-In(Re) +c-1n(Sk) +u,
e # — KOMILJICKCHBIM MHOKMTEIb, BKJIIOYAIOIIWI

B ce0s h-Pr *%(Pr /Pr )"

B pesynbrate perpecCMOHHOTO aHaau3a TOy-
YEeHBI TPU UCKOMBIE BEJIMYUHBL: U, b, ¢, KOTOPBIE CO-
crasisror -0,438; 0,62; 0,226 coorBercTBeHHO. OT-

Tabm. 2. DKCrIepUMEHTATEHO MOTYYCHHBIE 3HAYCHHS XapaKTePHBIX PU3NIECKUX BETUYHH I UMITYTHCHOTO

pexuma 001yBa

WnrepBanel | Cpenusis 3HadyeHne KOAPPUITUESHTOB HuameTtp 3Haqe};1;1¥:£3§;ep fbIX
BPEMEHU CKOPOCTh terutootaadn Br/(m?-K) T€I, M Re Nu sh

1 12,2 84,99 0,017 13801 56,91 | 0,0016

3 12,03 84,89 0,016 12659 | 49,67 | 0,0015

5 11,67 84,94 0,015 11385 | 49,12 | 0,0014

7 10,91 83,75 0,014 9749 46,03 | 0,0014

9 9,81 81,02 0,014 7995 35,53 | 0,0014

11 8,74 78,31 0,013 6511 33,91 | 0,0015

13 7,62 75,98 0,012 5108 25,86 | 0,0015

15 6,67 73,51 0,011 4048 28,89 | 0,0016
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Clofla JIerK0O HAaWTH BEJIUYUMHY MHOXHUTENd /,
kotopas pasHa (,733.

AHanornyHo BOCIONB3yeMcsi (hopmynamu It
HaXOKJICHUS KOA((UIMCHTOB JCTePMHHAIIUU R>
n xoppemsuuu r [6], xortopeie cocraBwii 0,94 wu
0,97 coorBercTtBeHHO. CormacHo mKkane Yenmo-
Ka [8], 3T0 CBUAETENBCTBYET O BBICOKOW KayeCTBEH-
HOW XapaKTEPUCTUKE CHJIbI CBS3M MEXKIY IOTy4YeH-
HbIMM 3HAQUEHUSIMU TPU PErpecCUOHHOM aHaJH-
3¢ ¥ JaHHBIMHU, MMOJYYCHHBIMU B XOJI€ MPOBEACHUS
AKCTIEPUMEHTAa U O TOM, YTO JaHHYIO BBIOOPKY
3HAUEHUN TaKXe CHpaBeIMBO 00pabarhIiBaTh JIH-
HEHHOU (pyHKLHEH.

B Takom cnydae ypaBHEHHE, OIKCHIBAIOIICE
KOHBEKTHUBHBIM TETNIOOOMEH C YYE€TOM HWMITYJIhC-
HOM TOJaYM TEIUIOHOCHUTENSl ISl Tel KyOWdecKou
(hOpMBI UMEET CIeTYIOUINI BU:

Nu = 0,73-Re®®? - Pr%3¢. (pr, /Pr, )** -Sh%2.

CpaBHuBass KO3()PUUIHMEHTH TEMIOOTIaYU B
cllydae MMITYJIbCHOM MOJauu TEIUIOHOCUTENS ¢ 0e3-
UMITYyJIbCHOM MOYKHO CJeJlaTh BBIBOJ 00 yBenIuye-
Huu oHoro Ha 10...15 % Bo Bcem nuamnazoHe Bpe-
MeHu. Takoil >ddexT ycunmeHuss aocTuraeTcs 3a
CUET CPBIBaHUS BO3IYIIHOIO CJIOSI Y MOBEPXHOCTH
KyoukoB. Ilpu cranmonapHoMm mnpouecce 007yBa
STOT CJIOW HECKOJIBKO 3aHIKAET TEIJIO0OMEH MEX-
JIy CPENOU U TEJIOM.

ITosmydyeHHbIE ypaBHEHHS JalOT BO3MOXHOCTb
BBINIOJTHEHUST 0O0JIee€ TOYHOIO pacuera IpoLeCcCOB
BO3/YITHOTO 00/1yBa, HU3KOTEMIIEPAaTypPHOIO Har-
peBa, KOHTPOJIS W YIPABICHHWS HA3BaHHBIMH TIPO-
LeccaMy, Kak TPAAULMOHHBIMHM, TaK M IPU HM-
MyJbCHOW MOJJauM TETUIOHOCUTEIIS.

Buieoowt

s SKCIepUMEHTAIBHBIX HCCIEAOBAHUN KOH-
BEKTUBHOTO TEIJOOOMEHa B YCIOBUSIX O€3UM-
MyJIbCHOM W HWMITYJIbCHOW IIOAA4Yd TEIUIOHOCHUTE-
s co3gaHa JrabopaTopHas MOJETh KaMEpPHOM
neud. B pesynbrare mpoBeNEHUsSI SKCHEPUMEHTOB
OBUTM TOJIYy4€HBI COOTBETCTBYIOIINE MAaCCUBBI
JIAHHBIX, KOTOPBIE MO3BOJUIU COCTABUTH KpUTE-
pUanbHbIE YpaBHEHUS, OMUCHIBAIOLIME TEIJIOBBIC
NIPOIIECCHl TPH OOTEKAaHWW TeJN KyOWdeckor Qop-
Mbl. CpaBHMBasi IUHAMUKY CTOKa MXUIKOCTU B UM-
MyJIbCHOM H  O€3UMITYJBCHOM PEXKHUMaX, MOXKHO
3aKJIIOYUTh, YTO MEPEXOJl Ha HUMIMYJIbCHYIO MOfa-

4y TEIJIOHOCUTENSI TIO3BOJISIET YCUIIUTh Kod(hPu-
IUEHT KOHBEKTUBHOW Temtoormadud Ha 10...15 %.
[TomydeHnHble ypaBHEHHsS OO0JagarOT BEChMa BBI-
COKOM CHJIOM CBSI3M C 3KCIIEPUMEHTAIbHBIMU JaH-
HBIMHM, YTO CO3JIa€T MEPCHEKTUBY TOYHOTO OIIpe-
neneHuss Kod((UITMEHTOB TEIIOOTAaYr OT U3Je-
T K OXJIAKIAIOMIEMy BO3IYXy H, COOTBETCTBEH-
HO, BO3MOXXHOCTb BbIJJaud PEKOMEHAAIMI MO KOJIH-
YeCTBY TpeOyeMOro BO3AyXa M PACIOJIOKEHHUIO Y-
TBHEBBIX YCTPOUCTB.
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THE CONVECTIVE HEAT TRANSFER IN
FURNACES UPON PULSED AND UNPULSED
COOLANT SUPPLY

Gnitiev P.A.

Donetsk National Technical University, ul. Artema,
58a, Donetsk, 83003, Ukraine

As result of experimental studies on the physical
model, which is geometrically similar to typical
chamber furnace with rolled out hearth, was
study of convective heat transfer in a pulsed
and unpulsed coolant supply mode. Appropriate
criteria equations are obtained for cross flow of
cubic bodies and 10...15 % intensification of con-
vective heat transfer coefficient is grounded in case
of heat transfer agent supply change from unpulsed
to pulsed mode.

Ref. 8, fig. 5, tabl. 2.

Key words: air cooling, chamber furnace, inten-
sification of convective heat transfer, pulsed coolant

supply.
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