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TEILUIOOTIAYA HA BOKOBOM NOBEPXHOCTH
PABOYEI'O OBBEMA IUKJIOHHBIX KAMEP
C IABYCTOPOHHUMU HECUMMETPUYHbBIMHU BBOJAOM
N BbBIBOJOM I'A30B

3aci. gesiTesib HAYKH U TeXH. Poccuu, T10KT. TexH. HayK, npod. CABYPOB 2. H.,
KaH/. TexXH. HayK, jou. CMOJIMHA H. B.

Cesepuvitl (Apkmuyeckuil) gpedepanvhvitl ynueepcumem umenu M. B. Jlomonocosa

B HacTosiwen pabote, B oTnmume OT uccnegoBanui [1-10], paccmoTpeHa TennooT-
haya Ha 6okoBol noBepxHOCTU paboyvero obbema Npu HECUMMETPUYHbLIX BBOAE W BbIBO-
[e rasoB, KOraa 3HayeHus OTHOCUTEIbHbIX NMOLaAen BXo4a Y OTHOCUTENbHbBIX AnameT-
POB BLIXOAHOTO OTBEPCTUS pa3nuyHbl B KaXaoW M3 nonosuH pabodero ob6bema. Tenno-
oTAayy KOHBEKUMEN K 3aKpy4YeHHOMY MOTOKYy BO3gyxa M3ydanu no meToay W3MeHe-
HWsi arperaTHOrO COCTOSIHWSI TPEIOLLEero areHTa — KOHAEeHcauuu crerka neperpetoro
(Ha 2—-3 °C) sogsiHoro napa. C6op koHaeHcaTa ¢ paboyero ydacTka NpoM3BoaMmN Yepes
rmaposaTteop, obecneymBatoWmin nogaepxaHme NOCTOSIHHOMO AaBMeHUs B KaropumeTpe.
MepenaHHoe 3a BpeMms onbiTa KONMMYECTBO TENOTHI ONpeAensanu no Macce cobpaHHoro
KOHOeHcaTa.

B onbiTax Ha Kamepe C ABYCTOPOHHMM HECUMMETPUYHBLIM BbIBOAOM ra3oB Bapbupo-

BasiM OTHOCUTENbHbIN AMaMeTp BbIXOQHOMO OTBEPCTUSA C OAHOM U3 CTOPOH KaMmepbl dﬁx.

OTHOCUTENbHBIV AMaMeTp BbIXOAHOTO OTBEPCTUS C APYrof CTOPOHbI d 5 COXpaHsNCS

NOCTOSIHHbIM. B onbiTax Ha Kamepe C OABYCTOPOHHUMU HECUMMETPUYHbIMU YCNOBUAMU
BBOAaA rasoB HECMMMETPUIO BBOA4A NOTOKa co3faBalnn 3a CHeT U3MEeHEeHUA OTHOCUTEIb-

Hol nnowaan Bxoga f.., KOTopas ocTaBanacb MOCTOSIHHOW. MeCTHbI KoadhduUMEHT

TENnooTAaun onpenensny npyu pasnuyHblX 3Ha4YeHusIX 6e3pa3MepHoN MPOAONBHON KO-
OopAMHaThl, COBMNaaaloLLen C OCbo Kamepbl, HanpaBnEHHOW B CTOPOHY BbIXOLHOIO OTBEp-
CTWS, OTCYUTBLIBAEMON OT CPeAHEro ceveHns paboyero obbema. MonyyeHHble ypaBHEHNS
Ans pacyeTa KoappULMEHTOB TENNOOTAAYN Ha BOKOBON NOBEPXHOCTU LIMKITOHHBLIX KaMep
C HECMMMETPUYHBLIMI BBOAOM U BbIBOLOM ra3oB AaloT yA0BNETBOPUTENbHOE COBNaaeHme
pPacYETHbIX U OMbITHBIX AaHHbIX, YTO NO3BOMSIET PEKOMEHAOBATL UX A MPaKTU4ECKOro
NpUMEHEHNS.

KnioueBble cnoBa: Tennootgaya, UMKIOHHAs kamepa, HECUMMETPUYHbIE BBOA U
BbIBO/.

Un. 3. Bubnuorp.: 10 HasB.

HEAT DISSIPATION ON THE LATERAL SURFACE
OF CYCLONE CHAMBER WITH ASYMMETRICAL
TWO-WAY GAS INPUT AND OUTPUT

SABUROV E. N., SMOLINAN. V.

North (Arktic) Federal University n. a. M. V. Lomonosov

The heat dissipation on the lateral surface of the cyclone chamber working
volume with asymmetrical input and output of gases is considered in the present
paper in contrast to the previously executed [1-10]. The relative values of input
gas flow and the relative diameters of the outlet are different in each of the halves
of the working volume. The heat dissipation by convection to the swirling airf-
low was studied by the method of variation of the aggregate state of the heating
agent — water vapor slightly superheated (at 2—3 °C) condensation. Collecting the
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condensate produced from the work site through a water lock, providing mainta-
ining of constant pressure in the calorimeter. The quantity of heat transmitted dur-
ing the experiment was determined by the amount of collected condensate.

In the experiments on the camera with two-sided asymmetric output relative

gas outlet diameter on one side of the camera varied d .;x. Relative diameter of

the outlet on the other hand d .5, remained constant. In the experiences on the

camera with the bilateral asymmetrical conditions for the introduction of gases the
asymmetry of the introduction of flow was created due to a change in the relative

entrance area f,., whoo remained constant. Local heat transfer coefficient was

determined for different values dimensionless longitudinal coordinate coinciding
with the axis of the chamber, directed toward the outlet, measured from the middle
section of the working volume. Equations for calculation of heat transfer coeffi-
cients on the lateral surface of the howling cyclone chambers with unbalanced in-
put and output gases, obtained in this paper, give the satisfactory agreement of
the calculated and experimental data that allows to recommend to their practical
application.

Keywords: heat transfer efficiency, cyclome chamber, asymmetric input and
output.

Fig. 3. Ref.: 10 titles.

B [1-10] npuBeaeHBI pe3ysIbTaThl 3KCIEPUMEHTAIBLHOIO UCCICIOBAHHUS TEIl-
JIOOT/aYu Ha OOKOBOW TMOBEPXHOCTH paboyero oObeMa IUKIOHHBIX KaMmep C
JIBYCTOPOHHHMM TOPIICBBIM BBIBOJIOM Ta30B. YCIOBHSI BBOJA M BHIBOJIA Ta30B B
ATUX OMBITaX OBUIM CUMMETPUYHBIMH OTHOCUTEIBHO CPEIHErO MOMEePEUYHOTO
cedeHus pabouero odbema. B craThe paccMoTpeHa TeIuiooTna4a Ha OOKOBOWM
MOBEPXHOCTH pabouero odbemMa NP HECUMMETPUYHBIX BBOJIC U BBIBOJIC Ta30B,

KOIJIa 3HAYEHMs OTHOCHMTENbHBIX IUIomaned Bxona notoka f =4f /(nD?)

(Dx — muamerp pabouero oObeMa KaMepbl) M OTHOCHTEIBHBIX THAMETPOB BBI-

xomHoro otBepetust A =d /D, pasnudHbl B KaX10il U3 MOJOBHH pabodero

BEIX BEIX
o0BbeMa.

Pabota BbINOJIHEHA HAa DKCIEPUMEHTAJIBLHOM CTEHJE, CXeMa KOTOPOro IpH-
BeJeHa Ha pucC. 1. OCHOBHBIM 3JIEMEHTOM CTCH/A SBJISJIACH IIMKJIOHHAS Kamepa C
JIBYCTOPOHHMMHU BBOJIOM H BBIBOAOM ra3oB. OOIIas OTHOCUTENbHAS JIMHA pa-

Gouero obbema kamepsl L, = L /D, = 525. PaGoumii 06beM KaMephl COCTaBIIs-

JI1 U3 TUIOTHO COEJIMHEHHBIX MEXKIY COOOH IMWIMHIPUISCKUX cekimid. Bo3myx B
KaMepy BBOJWIH Yepe3 3aKPYUHBATEIH, PACIIONOKEHHBIE BOJIM3H TOPIIOB pabo-
4yero o0bema. TaHreHIMANbHBIC NMUTKIBI 3aKpyYUBaTENNCd HAXOIMIUCh C JIBYX
JUaMETPaIbHO IPOTHBOIIONIOKHBIX CTOPOH. [IpoxoiHOE ceueHHe NUTHIICB U3Me-
HSJTM  CIIENMAIbHO CHPOQIIMPOBAaHHBIMHA BKJIAAbIIamMu. JlmameTrp BBIXOM-
HBIX OTBEPCTUH, HAXOMSAIIMXCS B TOPLEBBIX MOBEPXHOCTSAX paboyero o0beMa,
BappUpPOBAIA CMEHHbIMH AnadparmaMu. B manmpHeilmeM Bce XapaKTepHUCTHKH,
OTHOCAITHECS K JeBoW (puc. 1) dacTu KaMephl (OTHOCHUTEIHHO CPEIHErO II0
JUTMHE TIONEPEYHOr0 CeueHUs), 0003HAUYCHBI WHACKCOM «1», MpaBoil — WHICK-
COM «2».

TerutooTnauy KOHBEKIUEH K 3aKPYYCHHOMY MTOTOKY BO3/yXa U3ydald METO-
JIOM WM3MEHEHHS arperaTHOTO COCTOSHHS TPEIONIero areHTa — KOHJICHCAIUH
cierka neperperoro (Ha 2-3 °C) BoasHoro mapa [1], momaBaeMoro B Kaaopu-
METp, SIBJSIBIIHICS YacThIO (CEeKIpel) pabodero oobemMa KaMephl.
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Puc. 1. Cxema 9KCTIEpUMEHTAJILHOTO CTEH/a: | — IUKJIOHHAs! KaMepa ¢ JBYCTOPOHHUMH BBOJIOM
U BBIBOJIOM T'a30B; 2 — TPEXKaHAJIbHBIN UIMHAPUYECKUI 30H[; 3 — COETUHUTENIbHbIE UMITYIbCHBIE
TpyOKH; 4 — MEKPOMaHOMETp; 5 — BEHTHIIb (3aCJIOHKA); 6 — HOPMaJIbHOE CYXKaIOIee yCTPOHCTRO;
7 — U-06pa3Hblit MaHOMETp; 8 — TepMOMETP; 9 — BO3AYXOAYBKA C AJIEKTPOABUTATEIIEM;

10 — xanmopumerp; 11, 12, 13 — mTynep nmoxsozaa mapa, 0TBOJa KOHJEHCATA, IIPOLYBOYHBIH;

14 — repmomnapa; 15 — noteHumometp; 16 — cocyn ¢ TaromwM Jb10M; 17 — rHAPO3aTBOP;

18 — men3ypxka; 19, 20, 21 — BeHTHIIb PeTyIMPOBOYHBIH, TPOyBOYHBIH, CIIMBHOM;

22 — napoBoii anekTpokoTer; 23, 24 — maporeperpeBaTesb OCHOBHON M IOTIOJIHUTEIBHBIN;

25 — HarpeBaTebHBII JIEMEHT; 26 — peocTar; 27 — BOXOMEPHOE CTEKIIO;

28 — cemapanMOHHOE YCTPOWCTBO; 29 — NpeoXpaHUTeNbHbIN KianaH; 30 — MaHOMeTp;

31 - rerutomzoursnyst; 32 — BXO{HOM nuHIL; 33 — BEIXOJJHOE OTBEPCTHE KaMephl;

34 — 3akpyumBaTeib

Kanopumerp mMen Takyro K€ CHCTEMY KpEIUICHHs, KaK W JAPYrHe CEeKIHU
LIUKJIOHHOHM KaMepbl, YTO IO3BOJISUIO MEPECTAaBIISATh €T0 MO BCell JuinHe pabouero
o0bema. BHyTpeHHUH TuaMeTp KaJopuMeTpa paBeH AuaMeTpy padbouero oobema
TUKIOHHOM Kamepsl — 160 Mm. Ero pabounii yuactok umen quny 80 mm. C ne-
JBpI0 TIPEJOTBpALICHUS] NEpeToKa KOHJEeHcaTra paboumii oO0beM Kajopumerpa
UMeJ OTpaHWYeHHE B BHJE BHEUIHEH IMIMHAPHYECKONW IOBEPXHOCTH JHAMET-
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poM 214 MM U IBYX TOpLEBBIX. B BepXHel 4acTH 3THX MOBEPXHOCTEH HAXOIU-
JUCHh OTBEPCTHA Ul BBOJA B pabouuii o0beM KajJopuMeTpa MapornoBOIsIIEH
TpyOKH | TIpoxoaa W30BITOYHOTO IMapa B OXPAHHBIA yJacTOK (TapoBYIO pydari-
Ky). JlmmHa oxpaHHOTO ydacTka paBHsiack 140 MM, BHEIIHWUN AWaMETp —
240 mM. OxpaHHBII y9acTOK OOecredrBall TOJHYIO TETUTOM3OJSINI0 pabodei
cexuuy. TommmHa BCeX CTEHOK M IEPEropofoK KajlopuMeTpa HE IpeBbIIIaja
1,0-2,0 MM, a Terutonepearoel CTeHKN ero padodero yvactka — 1,0—-1,5 mm.
CHapy>Ku KaJlopuMeTp ObLT MTOJIHOCTBIO TEIUIOM30IUPOBaH.

I'petormuii map u3 MEKTPOKOTIA Yepe3 AIEKTPUIECKHE OCHOBHOM W JOTIOJHH-
TEJIbHBIH MapoIeperpeBaTeny M0 MOABOIAIICH TPyOKe MOCTyNal B KaJIOPUMETD.
[leperpeB mapa Ha Bxome B palOOYMii y4acTOK KaJIOPUMETPa IOJICPKUBAIIH
W HEMpEephIBHO KOHTPOJIMPOBAIM TMPOTAPUPOBAHHOW MEIb-KOHCTAaHTAHOBOH Tep-
mormapoit. Otcuer D/]C TepMonapbl TPOU3BOIUIN MEPEHOCHBIM ITOTEHIIHOMETPOM
[1-63. OTBOM W30BITOYHOIO Mapa W MAPOBO3MYIIHOM CMECH OCYIIECTBIISIH
B OXPaHHBIN y4aCTOK KaJTOPHMETpPa, a OTTyla Yepe3 OTBOJSIINN IITYIep — B Ape-
Hax. COOp KOHIEHcaTa ¢ paboyero yyacTka MPOM3BOAMIN Yepe3 TUIPaBINISCKUil
3aTBOp, 0OECTeUNBAIONINI TOyIepKaHue MocTosHHOro (okono 1150 MM Bof. CT.)
JaBJicHUsI B KanopuMmetpe. [lepenanHoe 3a BpeMsl ONBITa KOJHMYECTBO TEILIOTHI
OTIPEACIISIIN 10 Macce COOPAaHHOTO KOHZEHCATA.

B ompiTax Ha KaMepe ¢ IBYCTOPOHHUMHU HECUMMETPHUYHBIMU YCIIOBHUAMMU BbI-
BOJa ra3oB U CUMMCTPUYHBIMHU YCJIIOBUSAMHU BBOJIa BapbHUPOBaJIn OTHOCHUTEIbHBIN

nauametp d OrHocutenbHbIi auamerp O, , TpH 3TOM COXpaHSIICS MOCTO-

BBIX2 " BBIX

SIHHBIM U paBHBIM 0,4 B omblTax Ha KaMepe ¢ ABYCTOPOHHUMH CUMMCTPUYIHBIMHA
YCIIOBUAMHU BBIBOJZIAa I'a30B U HECUMMETPUYHBIMU YCJIOBUAMU HMX BBOJa HECUM-
MECTPUIO BBOJAa IIOTOKa B YCTpOﬁCTBO co3maBajid 3a CYECT HM3MCHCHHSA OTHO-

o r3 2
curenbHol ruiomaau Bxoma f, =4f /(mD.). Tlpu sTOM OTHOCHTEIbHAS

2 v o
/(mD?) ocraBanach BeMMYHHOM MOCTOSHHOM M paB-

miIomaab BXoaa f_BX2 =4 fsz
Hoii 0,04. 3nauenns f_BXl u amxz U3MCHSUTUCh B CICIYIOUIMX JHara3oHax:
f,,=0,02-0,08; d,,, =0,20-0,80.

MecTHbI# KO3GGUIIUEHT TEIUIOOTAYH ONPENSIsUIA MPU Pa3INYHBIX 3HaUe-

BBIX2

HUsIX Oe3pasMepHoOil TMpoaosibHON KoopauHatel Z =2/D_, coBmamaromieit c
OCBIO KaMephl, HAMPABICHHOW B CTOPOHY BBIXOJIHOTO OTBEPCTHS, OTCUHUTHIBAC-
MO OT CpeTHeTo ceueHUs pabodero oobemMa A0 CPETHET0 CeUeHUS KalopuMeTpa
u paesoii 0; 0,25; 0,63; 1,13. OcHoBHBIE ONBITHI BhINOIHEHBI npu Z =0; 1,13,
TOTIOJTHUTENbHBIE — TIPU CUMMETPUYIHBIX YCIIOBUSIX BBOAA M BBIBOJIA Ta30B IMPH
Z =0,25; 0,63. 3ameTtnM, 4TO 3Ha4YeHHWE Z = 1,13 COOTBETCTBYET pacIoioKe-
HUIO KaJIOPUMETPa PSAAOM C 3aKPYIHBATEIICM.

B pesynbraTe cratucTHueckoil 0OpabOTKU OIBITHBIX JaHHBIX YCTAHOBJICHO,
YTO B CTAHIAPTHON 3aBUCUMOCTH

Nu =cRe", 1)

rne Nu=aD, /A - nokansnoe uncno Hyccenbra; o — NOKaNbHBINA (MECTHBII)
KO3 (QUIIMEHT TEIUIOOTHaud; A — KO3(QQHUIMEHT TEIUIONpoBoaHOCTH; Re =
=v D /v; V, — cpemHss CKOpPOCTh BO3AyXa B IULIMI@AX KaMepbl; V — KH-

HEMaTHYCCKUN KO3(1)(1)I/ILII/ICHT BA3SKOCTH IIOTOKa TIIpW BXOJHBIX YCJIOBHUAX,
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IMOKa3aTejib CTCIICHU N 3aBUCHUT KaK OT HpO,I[OHBHOﬁ KOOpAWHATLL 7, TaK U OT

BbIX2 = deIxZ/delxl 14 fol = f /fBXZ'
[Ipy mpubMIKeHNH K CPEAHEMY CEUYCHHIO KaMephl (YMEHBIICHUH Z ) BO
BCEX Cydasx HaOmomamy HeOobInoe MoBkImeHne 3HadeHus N. C yBeTHIeHIEM

OTHOCHTEIBHBIX 3HaueHui d

Bx1

d,.o or 0,5 10 2,0 HHTCHCHBHOCTH KOHBEKTHBHOTO TEIIOOOMEHa Ha GOKOBOIA

MOBEPXHOCTH pabouero odbema cHmkanach Ha 20 % BOMM3M 3aKkpydyuBatens 2
U B cpeqHeM cedeHnH, a Takke Ha 10 % — BOmu3m 3akpyumBatens 1 (puc. 2a).

HpI/I YMCHBIICHHUN f OoT 2,0 a0 0,5 CHMXKCHHUC MHTCHCHUBHOCTH TCILIOOTAA-

BXx1
9 cOCTaBISLIO 35 % BOJNM3M 3aKpyduBaTeNs 2 M B CPSIHEM CCUCHUH, a TaKXKe
20 % — BOaum3u 3akpyuuBareis 1 (puc. 26). OgHaKo claeayeT OTMETUTh, YTO

B O6H_ICM IOKa3aTejab CTCHOEHHM N BO BCEM JgUAaNa30HE MCCICIOBAaHHBIX dBsz

u f,, 6musox k 0,80. MakcuManbHBIA JMANa30H M3MEHEHHs N B OMNBITAX
cocrasmi 0,75-0,82.
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Puc. 2. JlokanpHas TemiooTiaya Ha 00KOBOIT NOBEPXHOCTU HUKIIOHHBIX KaM€p € ABYCTOPOHHUM

BBIBOJIOM T'a30B NPH Pa3IMuHbx 3Hauenusx d, ., (@) u T, (6):

a:0-d_,=050-10 A-15:-20;

BBIX2
6:0- f,.,=050-10A-15;1-20;

gepHsble 3HaYKU — Z; = 1,13; cBemnsie — Z; = 0; cepeie — Z, = 1,13

[TomydyeHHBIC ONBITHBIC TaHHBIC OBLTH 00pabOTaHBI MPH 3HAYCHUH TTOKa3aTe-
g N = 0,8 B BUIE 3aBUCUMOCTH JIOKainbHOro guciaa NU ot Re n 6e3pazMepHBIX
TeOMETPHYECKUX TMapaMeTpOB KaMmephl. B pe3ynbTare yCTaHOBIEHO, YTO JIS
pacdera JOKambHBIX KOI(D(PHUIMEHTOB TEIUIOOTHAYA IPH HECHMMETPHYHBIX
YCJIOBHSIX BBIBOJA Tra3oB (puc. 3a) MOXKET OBITh pEKOMEHIOBAHO YpaBHEHUE

Nu =0,33Re**Kos,_, @)

rne Ko= Fo%/(d%%

BBIX

Q’Olg (5-7°°)"®) — reomerpuucckuii Ge3pa3MepHBII KOM-

70,15
=1,2-0,2d '~ —monpaBKa Ha HECHIMMETPHYHOCTb BHIBO/IA I'A30B.

BBIX2

IJIEKC; €

BBIX

JlokanbHbIe KOAPPUIUEHTHI TEIUIOOTAAYH MPH HECUMMETPUYHBIX YCIOBHUIX
BBOJIa ra3oB (puc. 30) MOT'yT OBITH ONPEACICHBI 110 (hopMyJIe

Nu =0,33Re’*Koe,_, (3)
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£0,2
roe €, =0,3+0,7f [ — nompaBka Ha HECHMMETPHYHOCTH BBOJA Ta30B; 3Ha-

Bx1

genue Ko onpenensercs Tak xe, Kak 1 B (2).

Ipu pacuere 1o (2) u (3) 3Hauenus d,, u f, npu 7= 0 NPUHATHI PABHbI-
MU cpegHeapu(MeTHYecKOMY 3HaYCHHUIO ISl 00EHX MOJIOBUH KaMephl. Y paBHe-
Hus (2) 1 (3) MOTyT OBITH WCIIONB30BAHBI M IS pacdeTa CPeIHHUX IoKa3zaTesei
KO3 QHUIMEHTOB TEIUIOOTAAYH MIPH COOTBETCTBYIOLINX YCIOBUAX. OTKIIOHEHHE

OTIBITHBIX TOYEK OT 0000MAIOIMX KPUBHIX He TpeBbimano 10 %.
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Puc. 3. JlokanbHast TeruiooTaa4a Ha O0KOBOiT MOBEPXHOCTH LUKJIOHHBIX Kamep
¢ HECUMMETPUYHBIMH yCIOBUSIMHM BbIBOJA (2) U BBOAA (0) ra3oB

BbIB O I bl

1. [IpemnamMepeHHOE CO3IaHUE HECUMMETPUHU BBOJIA M BEIBOJIA TA30B B IIHK-
JIOHHBIX KaMepax C JIByCTOPOHHHMH BBOJIOM U BBIBOJIOM T'a30B MOXKET CIYXKHUTh
CPEICTBOM YIIPABJICHUS WHTCHCUBHOCTHIO KOHBEKTUBHOTO TEIIOOOMEHA Ha 00-
KOBOI1 MOBEPXHOCTHU UX paboyero oobeMa.

2. Ilony4yeHHBIC aBTOpaMH YpaBHEHHS MOA00US JJIs pacdera JOKAIbHBIX KO-
3 PUIMEHTOB TEITI00THaYr Ha OOKOBOW ITOBEPXHOCTH ITMKIIOHHBIX KaMmep C
HECHMMETPUYHBIMU BBOJIOM ¥ BBIBOJIOM Ta30B JIAIOT BIIOJIHE yJIOBIETBOPUTEID-
HOE COBIIAJICHHE PACUETHBIX U OMBITHBIX JAHHBIX, YTO MO3BOJSET PEKOMEHIO-
BaTh UX JUIS PAKTHYECKOTO MPUMEHEHHS.
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