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benopycckuii nayuonanvHolii mexHuueckuil ynugepcumem

E-mail: fes@bntu.by

MpeonoxeHa cTpykTypa NynbCUpYHOLLEro Crios, NpeacTaBnsoLwero cobom co-
CTOSIHWE AMCMNEPCHOro MaTepuana, KoTopbii NpoayBaeTcsl NPepbiBUCTbIM ra30BbIM
NMOTOKOM CO CKOPOCTbIO, LOCTATOYHOM, YTOObI NPUBECTM Er0 B COCTOSIHVUE ABUXE-
Hus. Mpu 3TOM CNONM B TeYEHUe OAHOTO LMKIa HaXxoAMTCa BO B3BELLUEHHOM, naga-
IOLLEM M HEMOABWMXHOM COCTOSIHUSIX, YTO U3MEHSET YKNaaKy yacTuu, MyTU npoxo-
Ja rasa 4epes Crown, No3BoMnseT OCYLIEeCTBUTb 3PPEKTUBHBIA MeXa3oBbIA Ten-
NoobMeH faxe HeCbIMyYnx HEMCEBAOOXKMKAOLLNXCSA 3€PHUCTLIX MaTeprarnos.

PaccmoTpeHbl npouecc obpa3oBaHus yaapHbIX CTPYM 1M MX BNnsHWe Ha obpa-
30BaHVe nysbipen B nynbevpyowem crnoe. MNpu BKIMHOYEHUU OyTbsi HapyluaeTcs
6anaHc mexay CuIow rmapoaMHAMMYECKOro COMPOTUBMEHNS, C OOHOW CTOPOHBI, U
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CUNaMn TSDKECTU, UHEPLMU YacTul U UX CLENSeHUs CO CTEHKaMU — C OPYrow.
Cnoi nepexoguT B COCTOSIHUE MyNbCUPYIOLLLEro NCEBAOOXKIDKEHWS, NpeacTaBnsto-
Lero cobori rasogmucnepcHy0 CMeCb, BHYTPU KOTOPON UMMYNbCHOE MOBbLILLEHNE AaB-
NeHns1 B KaKOM-NGO MecTe pacnpoCTpaHseTCcsl BO BCE CTOPOHLI B BUAE BOSH AaBre-
HUA (CxaTust). AT BOMHbI ABNSIKOTCS MCTOYHUKOM 00pa3oBaHus yaapHbIX CTPYR, cuna
[OeNCcTBUst KOTOPbIX B ABa pa3a borbLue, Yem Npu CTauMoHapHOM MOTOKE.

BonHbl faBneHus B 3aBUCMMOCTM OT CKOPOCTU OBMXKEHUS B rasoancrnepcHoOmn
cucTeMe noapasgensTcs Ha cnabble n cunbHble. Cnabble BOMHbI AaBneHUs
OBWXKYTCS CO CKOPOCTbIO 3BYKa, CUINbHbIE — PACNPOCTPaHSIOTCH B ra3oamMcnepcHom
CUCTEME B aKTUBHOW (ha3e NynbCUPYIOLLErO CIOsi CO CKOPOCTbIO, MPEBbLILIAOLLEN
ckopocTb 3Byka. OCOBEHHOCTb CUIbHOM BOSHbI AABMEHUSA COCTOUT B TOM, YTO na-
pameTpbl CUCTEMbI (JaBrEHUE, NITOTHOCTb U AP.) UBMEHSAIOTCS CKaYyKoM.

PaccmoTpeH pexum nageHus cnost B NacCUBHOW CTaguMu UMKNa, KOTOPbIN
HacTynaeT nocrne npekpawleHns OeicTBMSA rasoBoro umnynsca. MNpu 3ToM B3Be-
LWEeHHbIA CMOW 3EepHUCTOr0 MaTepuana, [OBWKYLUMINCA BBEPX, MNepPexoauT
B COCTOSIHWE NafeHuns, B MpoLecce KOTOPOro U3MEHAETCH CTPYKTypa CamMoro Crios.

KnioyeBble cnoBa: nyrnbCUpYOLLMIA CON, CTPYKTYPa, yaapHas cTpys:
Mn. 1. Bubnwuorp.: 10 HasB.

STUCTURE OF PULSED BED
BOKUN I. A.

Belorussian National Technical University

The structure of pulsed layer is proposed which can be suggested as a state
of particulates that is blown by intermittent gas flow with speed which has the force
to start material moving. Layer during one cycle is in a suspension, falling down
and immobile state resulting in changes of particles arrangement as well as ways
of gas flowing through layer. Moreover, it allows carrying out effective interphase
heat exchange even adamant real granulation.

The process of formation of impact flows is considered aw well as their influ-
ence on formation of air bubbles in pulsed layer. At startup of air blast the balance
between the force of hydro-dynamic resistance is broken, on one side, and forces
of gravity, particles.inertia and their links with walls on the other side. The layer is
transferred in the state of pulsed pseudo-fluidization, and presents gas-disperse
mixture, inside of which impulse of pressure increasing is spreading to all sides as
pressure waves (compression). These waves are the sources of impact flows’
formation, the force of which is two times more than during the stationary flow.

The waves of pressure are divided into weak and strong ones depending on
movement velocity within gas-disperse system. Weak waves are moving with a sound
speed and strong ones in active phase of pulsed layer are moving over the speed of
sound limit within gas-disperse system. The peculiarity of strong wave is that parame-
ters of system (pressure, density and others) are changing in discrete steps.

The article describes the regime of layer’s falling down in the passive stage of
cycle, which begins after finishing of gas impulse action. And suspension layer of
moving up granular material is transferred in the state of falling resulting in change
of the layer structure.

Keywords: pulsed bed, structure, crushing wave.
Fig. 1. Ref.: 10 titles.

HCGB,I[OO)KI/I)KGHI/IG 3CPHUCTOI0 MaTepuajla Kak OCOOBIN TEXHOJIOTHYSCKUI
MIPpUCM HOJJYUYHIIO HIMPOKOC PACIIPOCTPAHCHUC B PA3JINYHBIX OTPACIIAX IMPOMBIIII-
JICHHOCTH. DTO BBI3BaHO YHI/IKaJIBHOﬁ 0COOEHHOCTBIO B3BEIIEHHBIX CIIOEB JAnC-
MEPCHBIX MATCPUATIOB K CaAMOPCETYJIMPOBAHUIO THAPOANHAMUYCCKUX XapPaKTCPU-
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CTHK CJIOS, a TaKKe MOLICP)KaHHIO MOCTOSHHOTO YPOBHS MOTEPh HANOpa B LIH-
POKOM [Mama3oHe H3MeHeHus ckopoctu rasa. Cospmarorcs OnaronpusiTHbIE
YCIIOBHS AJsl yBEIHYEHHS IIOBEPXHOCTH KOHTAKTa B3auMOJEHCTBYOIMX (a3
0e3 3HAYUTENTHHOTO M3MEHEHUsI TUAPOJUHAMUYECKOTO COTNPOTUBICHUS CIIOS.
B 1niceBn00XMKEHHBIX CHCTEMAaX JOCTUTAIOTCA BBICOKHE KOA((GHUIIUEHTHI TETIO-
OTAAaYM MEXAY CJIO0eM U IMOTPYKAEMBIMH TEIUIOOOMEHHBIMH IMOBEPXHOCTIMH.
OpHako peanu3anys pAjia TEXHOJIOTMYECKUX MPOIECCOB B IICEBIO0KHKECHHOM
clloe He TOJIbKO HeadeKkTuBHA, HO B psle CllyyacB HEBO3MOXKHA M3-3a KaHAJIO-
00pa3zoBaHusl, KOMKOBaHHsA, 00pa30BaHMsl HEMOABHKHBIX arjioOMepaToB, MOBBI-
LIEHHOT'0 YHOCA YacTHUI] 3epPHUCTOI0 MaTepuaia u3 ciosl.

Kax mokazanu uccienoBanus [1, 2], 9TH HEIOCTATKU MPEOJONCBAIOTCS ITy-
TEM IPOAYBAHUS CIIOS IJIOXO CHITYYHUX 3€PHUCTBHIX MATEPHAJIOB ITYJIbCHPYIOLTIM
(TpepBIBUCTHIM) Ta30BBIM MTOTOKOM CO CKOPOCTBIO, TOCTATOYHOM JUISl TOTO, YTO-
OBl TIPUBECTH €r0 B COCTOSIHWE ABIXKeHUs. [Ipu 3ToM ciioll B TeYCHHE OJHOTO
LUKJIa HAXOJIUTCS BO B3BEIIEHHOM, MAJAlOIEM U HEMOABMKHOM COCTOSHUSX,
YTO M3MEHSET YKIAAKy YacTHL, IyTH NPOXoJa ra3a uyepe3 CIOoW, MO3BOJSET
OCyIIEeCTBUTH 3(PPEKTUBHBIN MEK(A30BBII TEINIOOOMEH Nake HECHIIyuYuX He-
IICEBIO0XKIKAIOLINXCS 36PHUCTBIX MaTEPHAJIOB.

Kpome Toro, myascupyromuil cioi npeacTapiseT MPaKTUIECKUI HHTEPEC HE
TOJIBKO /711 00pabOTKY IUIOXO CBHIMYYHX M HETICEBAOOKIDKAIOIIUXCA MaTepHha-
JIOB, HO M B PsIZie CIIy9aeB NP MOTHONW BO3ZMOKHOCTH UX IICEBIO0KIKEHHUS 03~
BOJISIET TIOJIy4aTh BBICOKHE KOI(D(UIMEHTHL TEeIMI000MEeHa C MOBEPXHOCTIMHU
HarpeBa WM OXJAXAEHHUS NMpH pacxojax raza, HaMHOTO MEHBIIUX, YeM MpH
MICEBAO0KMKEHUN TOTO e cod [3]. DT0 Ba)kHO MpH NMPOBEACHUM LEJIOr0 psiia
TEXHOJIOTHYECKHUX MPOLECCOB, TPEOYIOMHUX MAKCUMAILHOTO [IOJIBOJA HUJIK OTBO-
Jla TEIJIOTH! OT MAaTEpUaJIOB IIPH BO3MOXXHO MEHBIIEM KOJIMYECTBE I'a30B.

[locne BKiIIOUEHMS IyThs HapylIaeTCs OalmaHC MEXIY CHIOH MMIpOIMHAMU-
YECKOTO COMPOTHUBIICHUS, C OJTHOW CTOPOHBI, U CHJIAMHU TSAXKECTH, UHEPLUU Ya-
CTHII U MX CIEIJICHHUS CO CTEHKaMHu — ¢ Apyroi. Cioi mepexoauT B COCTOSIHHE
MYJILCUPYIOIIETO TICEBO0KIDKEHNSI, IPEACTABIISIONIEr0 COO0H ra30JiCIepCHy IO
CMECh, BHYTPH KOTOPOH MMILYJIbCHOE IMOBBIILICHHUE JaBJICHUS B KaKOM-THOO Me-
CTE PacHpOCTPAHSIETCS BO BCE CTOPOHEI B BUJE BOJIH JaBlICHUs (CxKaTusi). JTU
BOJIHBI SIBJSIFOTCS. MCTOYHUKOM 0Opa3oBaHMs YAAPHBIX CTPYH, cuia AEHCTBHA
KOTOPBIX B JIBa pasa 0oJjblle, 4YeM NP CTAllMOHAPHOM MOTOKe [4].

BouHb! naBneHys B 3aBUCUMOCTH OT CKOPOCTH JABHKCHUS B T'a30AUCIEPCHOM
CUCTEME TOAPA3JENIIOTCa Ha ciadbie M cuibHble. Crabble BONHBI JaBICHUS
IBMDKYTCSL CO CKOPOCTBIO 3BYKa, KOTOpas B ICEBIO0KMKEHHBIX CHCTEMax pac-
CUMTBIBaeTCs 1o popmyie [5]

cC= Tgho, (1)

rae K — mokasarens aqnadartsl; § — YCKOPEHHE CHITBI TSDKECTH, M/Cz; hy — BBICOTA
HEIIOJABMKHOI'O CIIOS, M.

BouHbl 1aBiieHus1, JBUXKYILIHMECS B Ta30/IUCIEPCHBIX CUCTEMAaX CO CKOPOCTHIO
3BYKAa, CO3JIal0T CKAaYKH YIUIOTHEHUS U ra30Bble My3blpu. [Ipu 3TOM B aKTUBHOMI
(haze 1UKIA CKaYKW YIUIOTHCHHS BMECTE C BOJIHAMU JIABJICHHS CO CKOPOCTHIO
3ByKa MEePEeMEeNIatoTCs K TOBEPXHOCTH CJIOA.
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CunbHbIe BOJHBI AABJICHUS PACHPOCTPAHSIOTCS B ra30JUCIIEPCHON CHCTEME
B aKTHBHOH (paze MyJbCHPYIOMIETO CIOS CO CKOPOCTBIO, MpEBBIMIAIOIIEH CKO-
pocTh 3Byka. Kak oTMedeHO B ra3oBoil nuHamuke [6], OCOOEHHOCTH CHIIb-
HOW BOJIHBI IABJICHHS COCTOMT B TOM, YTO INapaMeTpPhl CHUCTEMBI (ZIaBIEHHE,
TUIOTHOCTG | JIp.) U3MEHSIOTCSI CKaYKOM.

Mexann3m 00pa3oBaHUs CHIIBHBIX (YIapHBIX) BOJH (puc. 1) B akTUBHOU da-
3€ MyJBCHPYIOLIETO CJOSI COCTOUT B CIEAYIOLIEM: MOJ BIMSHUEM HMITYJIbCHOU
MoJauy Taza B CJIOH uepe3 MOAPEHICTOYHYIO KaMepy, Ia30pacipeieIuTeNbHyI0
pemretky (ceuenue 0) GOPMHPYIOTCS CHIILHBIC BOJIHBI TABJICHUS, KOTOPHIC BBI3BI-
BAIOT pacIMpeHne ciost Ha BenmmurHy Ah B o0bseme H-Hy 1 moBbmaroT gaBneHue
OT BEJUYMHBI py; (JaBjIeHHE HEBO3MYILEHHOTO ras3a), B KOTOPOM OTCYTCTBYET.Ia30-
JIMCTIEPCHAs Cpefia, IO BEMYUHBI p; (IaBieHue 3a (POHTOM BOJHBI CKATHS) U BbI-
3BIBAIOT MOBBIIICHHUE IIOTHOCTH ra3a Ha BEMMYUHY Ap = p; — p, (Tae p; — MIOT-
HOCTh Ta3a B BOJIHE CXKaTWsl; Py — HayalbHas IUIOTHOCTh Ta3a B oObeme. H—Hy).

B ostom cimyuae konmmdectBo rasa, pasoe 0G =(p; —p,)9FdX, mepereuer wu3
oowvema 0—Hp B 06eM H-Hy (F — rutorma b monepevHoro ce4eHus KaMepsbi).

_—

0 _—

Puc. 1. Cxema pacpoCTpaHEHHsI yJAPHOI BOIHBI B ITyJICUPYIOIIEM CIIOE:
1 — c7oif aucTIepCHOro MaTepuana; 2 — ra3opacipeieIUTeNbHas peNIeTKa;
3 — nmoxpemeToyHas Kamepa; 4 — MyJIbcaTop; 5 — HaJACI0eBOE MPOCTPAHCTBO
HpI/I pacnpoCTpaHEHUU CUJIBLHOH BOJIHBI CKAaTHA B Fa30,£[PICHepCHOﬁ CHUCTCMC
IOTOK Tra3a CJIEAYCT 3a BOJIHOM CXKaTHs (I‘aSOBBIM Hy3LIpCM), T. €. B TOM XK€
HaIllpaBJICHUU, YTO M YyJapHas BOJIHA CXKaTHA. CKOpOCTL ra3oJuHaMHU4YCCKOIO
IMOTOKa Wy 3a BpEMsI dta MOJKHO OIIPEACINUTb U3 YPABHCHUS HEPA3PBIBHOCTH

dG = plgFWHdta , 2
TOoraa
WH — pl - pH ﬁ,
p, dt

rae dh/dt, — ckopocTh JIBHXKEHHSI BOJIHBI C)KaTHSl B aKTHBHOW (hase IHKIIa,
ta — MPOMODKMTENBHOCTh JCUCTBUS HMITYJIbCa Ia30BOIO MOTOKA B aKTHBHOM
(haze KA.

V3MeHeHne THAPABIMYECKOrO COMPOTHUBICHHUS IYJILCHPYIOIIETO CJIOSl B 3a-
BHCHMOCTH OT CKOpPOCTH TyJsibcaiun AP = f(W) HocuT Takoii jxe xapakrep, Kak
U B TICEBIOOKMKECHHOM cyioe [7]. BHauane ¢ yBeaMYeHHEM CKOPOCTH (PHUIIbTpa-
[[MH CONPOTHBIICHUE B MYJILCUPYIOIIEM CJI0€ BO3PACTAET, 3aTEM JOCTUTAET MaK-
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CUMyMa, IOCJ€ Yero, HEe3HaYMTENbHO CHU3UBIINCH, OCTACTCS INPAKTUYECKU
HEM3MEHHBIM, O/IHAKO BCETa HIDKE, YEM B TICEBJOOKIKEHHOM CJIO€.

Jnst ycnoBuii MakCUMyMa THAPABIMYECKOE CONPOTUBIICHHE MyJIbCHPYIOIIE-
'O CJIOS1 OITUCHIBACTCS SMITUPUIECKON 3aBUCHMOCTBIO

ADymx =| Pu—Pr 1—8, gH, —prew|[1-exp —0,8—f ]
npu 0,5 < f < oo, (3)

rae f — gacrora mynecanun.

ITocne nmpekpaiieHus JeHCTBHS ra30BOT0 MMILYJIbCA B3BEIICHHBIN CIIOH 3ep-
HUCTOTO Marepuaia, JBUXKYILUNCS BBEpPX, NEPEXOAUT B COCTOSHUE MaJCHHUSL.
ITagenne oqHOPOMHON CMECH B T'PaBUTALIMOHHOM IIOJE€ OMMCHIBAETCA C IOMO-
B0 CJIENYIOIINX COOTHOIIEHUH [8]:

ot oh
)
ot oh
ow, W._ow )
Po _Po%M o 1= lgep,f wow, -22% (g
o an P, p on

POW  pwow ppawp ppraWp dP
+ + + === + , 7
o on ot oh on PrTP A ()

e p,— IUIOTHOCTh AMCIEPCHOM Cpe/ibl B MHOTO(a3HOM cucteme; P, — IUIOT-

HOCTb 3CpHUCTOr0 MaTcpuaia B MHOFO(l)aBHOfI CHUCTEME; Fo — IOCTOAHHAas BpEC-
MEHH OOMEHA KOJIHMYECTBOM ABWIKCHUA MCIKIY '{aCTHI_[eﬁ U Ta30BOM (1)3.30171;
w, Wp — CKOpPOCTh IIOTOKA U HAJACHMS CJI0SI COOTBECTCTBCHHO, h - KoOopauHara,

HanpaBJICHHAs NMPOTUBOMNOJ0XHO YCKOPCHHUIO CUIIBI TSKECTH (, —— — IpaJyuCHT

oh
JIaBIICHHS.

Ypasuenus (4) u (5) mMOKa3pIBAlOT, KaK B MPOIIECCE OCETAHUS TBEPABIX Ha-
CTHII KOHEYHOI'0 00beMa ra3 BBITECHSACTCS BBEPX. XapaKTep Cuil, ICHCTBYIONIUX
Ha TBEpJbIC YACTUIIBI, BKIIOYAs MOJIBEMHYIO CUITy, CHIY COTMPOTHUBIICHHS Tasa
W TPajIMeHT JaBICHHUS, OMUCHIBACTCS ypaBHeHHEM (6). O0Iee KOITHUECTBO JBU-
JKECHUS CUCTEMBbI IPEJICTaBIeHO ypaBHeHueM (7).

B Tex ciydasix, Korja OXHKAFOIUM areHTOM SIBJISICTCS ra3, & YaCTHIIbI J0-
CTaTOYHO KPYHHBIC WIU TUIOTHBIE, IIPOUCXOIUT MPOLIECC 00pa30BaHUs Ta30BbIX
my3bIpeii, He cojiepkamux dactuil. [IpuunHbel 00pa3oBaHus TaKUX My3bIped 10
KOHIIa He BoissicHensI [9, 10].
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