VK 66.096.5

84
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MpennoxeHa CTpyKTypa NynbCUpYOLLEro Cros, npeacTtasnstoLLero cobon co-
CTOSIHME AMCNEePCHOro Matepuana, KoTopbi NpoayBaeTCs NPepbIBUCTHIM ra30BbIM
MOTOKOM CO CKOPOCTbIO, JOCTATOYHOM, YTOObI NPUBECTM €ro B COCTOsIHUE ABUXe-
HuA. Tpu 3TOM CNONM B TeYEHUE OAHOIO LIMKIAa HaxoaWUTCA BO B3BELLEHHOM, Naga-
IOLLEM M HEMOABWMXHOM COCTOSIHUSIX, YTO M3MEHSIET YKINaaKy YacTuL, MyTU Npoxo-
[a rasa 4yepes Criow, No3BOMSET OCYLEeCTBUTb IPDEKTUBHBLIV Mexda3oBbln Ten-
noobmeH Oaxke Hecbiny4nx HencesOoOXM>KaloLWNXCcA 3epHUCTbIX MaTepunarnos.

PaccmoTpeHbl npouecc obpa3oBaHust yaapHbIX CTPYW U UX BNUsiHE Ha obpa-
30BaHve ny3bipen B Mynbcupytowem crnoe. MNpy BKIIOYEHUU OyTbsl HapyllaeTcs
GanaHc mMexay CUIon rmapoAMHAMUYECKOrO COMPOTUBIIEHUS, C OOHOW CTOPOHDI, U
cunamm TSXKECTU, UHEepLMM YacTul U UX CLENNIEHUs CO CTeHKaMn — C ApPYrou.
Cnoi nepexoouT B COCTOSIHUE MyNbCUPYIOLLLErO MCEBAOOXKMKEHNS, NpeaCcTaBnsito-
Lero cobor rasoancnepcHy0 CMeCb, BHYTPU KOTOPOM MMMYNbCHOE MOBbILIEHVE OaB-
NeHnst B KakoM-nnbo mecTe pacnpocTpaHAaeTCcAa BO BCe CTOPOHbI B BUAE BOSH AaBlie-
HUS1 (CkaTns). DTV BOJHbI ABMSAIOTCA UCTOYHMKOM 0Bpa3oBaHns yaapHbIX CTPYW, cuna
OENCTBUSA KOTOPbIX B iBa pa3a bonbLue, YeM Npu CTaLMOHapHOM MOTOKE.

BonHsbl AaBneHna B 3aBUCUMMOCTU OT CKOPOCTU ABUXEHUA B raaonmcnepCHon
cucTeMe nogpasgensTcss Ha cnabble n cunbHble. Crnabble BOMHbI AaBneHUs
OBUXKYTCSI CO CKOPOCTbIO 3BYKa, CUIbHbIE — PACNPOCTPaHATCH B ra3oancnepCcHon
CUCTEME B aKTUBHOW ba3e MyrbCUPYIOLLLEro CMOSA CO CKOPOCTbIO, MPEBbILLAOLLEN
CKOpoCTb 3Byka. OCOBEHHOCTb CUIbHOM BOJSHbI AABMEHUSA COCTOUT B TOM, YTO Na-
paMeTpbl CUCTEMBI (AaBMeHUe, NNOTHOCTb M AP.) U3MEHSIIOTCA CKaYKOM.

PaccmoTpeH pexvM nageHus crosi B MacCUBHOW CTaauMu LMKNa, KOTOPbINA
HacTynaeT nocne npekpaweHusa AGIZCTBMH rasoBoro mMmnynbca. |_|pI/I 3TOM B3Be-
LUEHHbIM CMOM 3EepHUCTOr0 MaTepuana, [OBWXKYLIMINCA BBEpPX, MepexoauTt
B COCTOsIHWE NafeHuns, B MpoLiecce KOTOPOro U3MeHsIETCsl CTPYKTypa CamMoro Criosi.

KntoueBble cnoBa: nynbCupyoLWuUiA CNON, 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.

[ceBnooXKIMKEHNE 3EPHUCTOTO MaTepHalia Kak OCOOBIM TEXHOJIOTHMYECKUI
MPUEM TOJIYYHIIO ITUPOKOE PACIPOCTPAHCHHE B PA3IIUYHBIX OTPACIISIX MTPOMBIIII-
JICHHOCTH. DTO BBI3BAHO YHHMKAJIbHOW OCOOECHHOCTBHIO B3BCIICHHBIX CJIOCB JIUC-
MEPCHBIX MaTEPHAIIOB K CaMOPETYJIMPOBAHUIO THIPOAMHAMUYCCKUX XapaKTepH-
CTHK CJIOSI, a TAK)KE MOAJICPKAHUI0 MOCTOSIHHOTO YPOBHSI TIOTEph HATNOpa B IIU-
POKOM JMamna3oHe H3MEHEHHs ckopocTd raza. CosmaroTcs OnaronpusTHBIC
YCIIOBHSL JIJISl YBEITUUCHHS MOBEPXHOCTH KOHTAKTa B3aMMOJICHCTBYROIUX (a3
0e3 3HAYUTEITHHOTO W3MCHEHHS TUIAPOJUHAMUYECKOTO COTPOTHUBIICHUS CIIOS.
B 1nceBI00KMKEHHBIX CUCTEMAX JTOCTUTAFOTCS BBICOKHE KOA(D(MHUIIUSHTHI TEILIO-
OTJIaYM MEXIY CJIIOEM M TOrPYKaeMbIMH TEINIOOOMEHHBIMH IMOBEPXHOCTSIMHU.
OnHako peanu3anus psiia TEXHOJOTHUYECKHX IMPOIECCOB B IMCEBIOOKIKCHHOM
clloe He TONbKO Hed(peKTUBHA, HO B psific ClydyacB HEBO3MOXKHA M3-3a KaHAJO-
00pa3oBaHus, KOMKOBaHUs, 00Opa30BaHMs HEMOJBIKHBIX arJiOMEepaToB, MOBbI-
NICHHOT'0 YHOCA YaCTHI 3¢PHUCTOrO MaTepraia 13 ciosl.

Kak mokasanu ucciemoBanus [1, 2], 3TH HEJOCTATKH MPEOIOIECBAIOTCS MMy~
TEM MPOYBAHUS CJIOS IJIOXO CHIMYYUX 36PHUCTHIX MAaTEPUAIOB MYJIbCHPYIOIIUM
(TIPepBIBUCTHIM) Ta30BBIM MIOTOKOM CO CKOPOCTBIO, JOCTATOYHOM JJIsi TOTO, YTO-
Obl MPUBECTH €0 B COCTOSHHUE JBIKEHUs. [Ipu 3TOM Clloil B TeYeHHME OJHOTO
[MKJIa HaXOJIWUTCS BO B3BEIICHHOM, MAJAlOIIEeM W HEMOIBH)XHOM COCTOSIHUSX,
YTO M3MEHSET YKJIaJKy YacTHll, IIyTH MPOXOJa Ta3a uYepe3 CIIOW, MO3BOJSET
OCYIIECTBUTh PPEKTUBHBIA MeK(DA30BbIM TEIUIOOOMEH Ja)Ke HECHIMy4YHX He-
MCEBIOOKIKAIONIUXCS 36PHUCTHIX MAaTEPHATIOB.

Kpome Toro, myabCHPYIOIINI CIION MPEACTaBIAET MPAKTUICCKUN HHTEPEC HE
TOJILKO 11 0OpabOTKH TUIOXO CBHIMYYHMX U HETCEBIOOKMKAIOIINXCS MaTepua-
JIOB, HO U B PSIJie CIy4aeB MPH MOJTHON BO3MOXKHOCTH MX TICEBOOKMKEHHS 1T03-
BOJISICT TOJIy4aTh BBICOKHE KOI(D(UIMEHTHI TEIIoo0OMEHa C MOBEPXHOCTIMH
HarpeBa WM OXJIAXKACHHUS IPH Pacxojax rasa, HAMHOTO MEHBIIUX, YeM IPH
TICEBIOOKIKEHUHU TOTO e ¢10s [3]. DTO BaKHO MpH MPOBEACHUH LIETOTO psiaa
TEXHOJIOTMYECKUX TPOIIECCOB, TPEOYIOINX MAaKCUMAJILHOTO TI0/IBOJIA MJIU OTBO-
Jla TeTIOTHI OT MATEPUAIOB TIPY BO3MOXKHO MEHBIIIEM KOJIMYECTBE T'a30B.

[Tocne BKIFOYEHUS TyThsl HAPYIIACTCS OANAHC MEXKIY CHIIONW THIPOJAMHAMU-
YECKOr0 COIPOTHUBIICHHUS, C OJHON CTOPOHBI, U CHJIAMH TSHKECTH, MHEPIMH Ya-
CTHI] U MX CIEIUICHHUS CO CTEeHKaMH — ¢ Apyroi. Ciaol NepexoquT B COCTOSHUE
MyJIECUPYIOMIETO TCEBI00KIKEHYSI, MTPEICTABISIONIEr0 COOOH Ta30JUCTIEPCHYIO
CMECh, BHYTPH KOTOPOH MMITYJIbCHOE TOBBIIIICHUE JIABJICHUS B KaKOM-JIH0O Me-
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CTE PACIpOCTPaHACTCS BO BCE CTOPOHBI B BUJC BOJH JaBJCHUS (CxKaTwsl). DTH
BOJIHBI SIBJISIFOTCS. UCTOYHHKOM OOpa30BaHUs yJapHBIX CTPYH, CHiIa JCHCTBHS
KOTOPBIX B JIBa pasza 0oJIbIIe, 9eM P CTAIIMOHAPHOM MTOTOKE [4].

BonHbl 1aBiieHus B 3aBUCUMOCTH OT CKOPOCTH JIBMXKCHUS B Ta30IUCIICPCHOM
CHUCTEME TIOMPa3IeISIIOTC Ha ciabble M cuibHbIe. Clradble BOJHBI JaBICHUS
JBIDKYTCSL CO CKOPOCTBIO 3BYKa, KOTOpasi B MCEBIOOXKIKEHHBIX CHCTEMax pac-
cuuThIBaeTCs 1Mo popmyie [5]

Cc= Tgho' 1)

e K — nokasatens annabathl; § — yCKOPEHHE CHIIBI TSHKECTH, M/c%, No — BbIcOTa
HETIOJIBIKHOTO CJIOS, M.

BounHbl naBneHus, ABMKYIIHECS B Ta30AUCIEPCHBIX CUCTEMaX CO CKOPOCTHIO
3ByKa, CO3JIAI0T CKAYKH YIUIOTHEHHS W ra30Bble My3bIpH. [Ipu 3TOM B akTHBHOMI
(aze 1MKIa CKaYKH YIUIOTHEHHS BMECTE C BOJIHAMH JABJICHHUS CO CKOPOCTHIO
3ByKa IMEPEMEIIAIOTCS K IOBEPXHOCTH CIIOSI.

CuibHBIE BOJIHBI JaBJICHUS PAcCIPOCTPAHSIOTCS B Ta30IUCIIEPCHOM cHUCcTEMe
B aKTHBHOH (ha3e IyJIbCHUPYIOLIETO CJIOS CO CKOPOCTBIO, MPEBBIIAIOIIEH CKO-
pocTh 3Byka. Kak OTMedeHO B ra3oBOW JIuHAMHKe [6], OCOOCHHOCTH CHUJIb-
HOW BOJIHBI JaBJICHHS COCTOUT B TOM, YTO IapaMeTphl CHCTEMBI (JaBJICHHE,
TUTOTHOCTD | JIp.) H3MEHSIOTCS CKaYKOM.

Mexanu3m 00pa3oBaHus CHIBHBIX (yJapHBIX) BOJH (pHc. 1) B akTHBHOM da-
3¢ MyJIBCHPYIOIIETO CJIOSI COCTOUT B CIIEAYIONIEM: IO BIMSHHUEM HMITYIbCHON
MOJIa4YM Ta3a B CIOW Yepe3 MOJAPEHICTOYHYI0 KaMepy, ra30pacipeeIuTeIbHYTO
pemetky (ceuenue 0) GOPMHUPYIOTCSI CHIIBHBIC BOJIHBI JABJICHHS, KOTOPHIC BBI3bI-
BAIOT pacIIupeHne cios Ha BennurHy Ah B o0beme H-Ho 1 moBbIaror gaBneHue
OT BEJIMYMHEI py; (TaBJICHHE HEBO3MYIIEHHOTO ra3a), B KOTOPOM OTCYTCTBYET Ia3o-
JCIIEPCHAs cpelia, 10 BeIMYMHBI p1 (aBiicHUE 3a (JPOHTOM BOJHBI CIKATHA) U BbI-
3pIBAIOT MOBBILICHHE IUIOTHOCTH ra3a Ha BEIUYHMHY Ap = p1 — py (DA€ p1 — IIOT-
HOCTb Ta3a B BOJIHE CXKATHsl, Py — Ha4allbHasl [UIOTHOCTh ra3a B oObeme H-Ho).

B sToM ciydae KonmuecTBo Trasa, pasHoe 0G = (p1 — pH)ngX, nepereveT u3
oowrema 0—Ho B 06eM H-Ho (F — rutoma s morepeyHoro ceueHust Kamepsi).

_—

/

/4

Puc. 1. Cxema pacnpocTpaHeHUs YAApHOH BOJIHBI B MyJIbCUPYIOIIEM CIIOE:
1 — crnoii aucnepcHOro Marepuana; 2 — ra3opacipeaenuTeNbHas pelieTKa;
3 — monpenieTovyHas KaMepa; 4 — MyJIbcaTop; 5 — HaJICIIOEBOE IIPOCTPAHCTBO
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[Ipu pacmpocTpaHeHUH CHIIBHOM BOJIHBI C)KAaTUS B Ta30MCIIEPCHON CHCTEME
MOTOK Ta3a CIeAyeT 3a BOJMHON CKaThs (Ta30BBIM ITy3BIPEM), T. €. B TOM XK€
HaInpaBJIeHUH, 4YTO U yAapHas BoyiHa cxkaTus. CKOpOCTh I'a30JUHAMHYECKOTO
MOTOKa Wy 32 BpeMsi Ot, MOYKHO ONpPEeuTh U3 YPaBHEHUS HEPa3phIBHOCTH

dG =p,gFw,dt,, 2
TOrga
_Pi—p, dn
: p, dt, ,

rae dh/dt, — ckOpocTh ABIDKEHHS BOJHBI CKATWs B aKTUBHOM (ase ILHKIA;
ta — MPOMODKUTENLHOCTh JICUCTBUS MMITYJbCa Ta30BOr0 MOTOKA B aKTHBHOM
(haze ukIia.

V3MeHeHHE THAPABIMYECKOTO COMPOTUBIICHHS MYJIbCHPYIOIIETO CIOS B 3a-
BHCHMOCTH OT CKOpPOCTH Tyibcaiuu Ap = f(wW) HocHT Takoii ke XapakTep, Kak
U B TNICEBIOOKIDKEHHOM ciioe [7]. BHauane ¢ yBeqndeHneM CKOPOCTH (HIbTpa-
[[MU COTPOTHUBIICHUE B MyJILCUPYIOIIEM CIIO€ BO3PACTACT, 3aTEM JTOCTHIAET MaK-
CMMyMa, IIOCJIE Yero, HE3HAYWTEIbHO CHHU3UBIINCH, OCTAETCSA IPAKTHYECKH
HEM3MEHHBIM, OJTHAKO BCET/Ia HUXKE, YEM B IICEBIOOKIKEHHOM CIIOE.

JInst yCIoBHiA MakCHMyMa THAPABIMYECKOE COMPOTHBICHUE MYJIbCHPYIOIIE-
'O CJIOS OTIUCHIBAETCS IMITHPHUCCKOM 3aBUCHMOCTBIO

TAV - z[(pm _pT)(l_so)gHo —pTCW][l—eXp(—O,S— f ):I
npu 0,5 < f<oo, (3)

rae f — gacrora mysnbcanmu.

ITocne npexpalieHus 1eHCTBUSA ra30BOr0 MMITYJIbCa B3BELICHHBIN CIION 3€p-
HUCTOTO MaTepHala, JBWKYIIUNCSA BBEpX, MEPEXOJUT B COCTOSHUE MaJCHMUS.
[Tagenne oIHOPOIHON CMecH B T'paBUTAIIMOHHOM IIOJIE OMMCHIBAETCS C MOMO-
IIBI0 CTAEAYIONIUX COOTHOIIEHUH [8]:

@Jrap—W:O; 4
ot oh
0 op W
Lo, P, (5)
ot oh
PpOW, _ PpW,0W, p Pp OP
= =—p,|1-—— |g+p FRIWw-wW | -——; 6
ot oh pp 5p g pp O( p) 5 oh ()
oW pWoW  PpOW, P W, OW, oGP
pow . p L P p=———(pp+p)g, )

ot oh ot oh oh

e p,— IUIOTHOCTh AMCIEPCHOM CPe/bl B MHOrO(asHoi cucreme; p, — IUIOT-

HOCTb 3CPHUCTOTO MaTcpuajia B MHOFO(l)aSHOfI CHCTEMC, Fo — IIOCTOsIHHAA BpeE-
MEHH OOMEHA KOJIUYECTBOM JABWKCHUA MCKIY ‘IaCTHHGﬁ U Ta30BOM (1)3,30171;
W, Wp — CKOPOCThH IIOTOKA M MaACHUA CJI0SI COOTBETCTBCHHO, h - KOOpJAUHAaTa,

oP
HalpaBJICHHAas NPOTUBOIIOJI0XHO YCKOPECHHUIO CUIIBI TSKECTH a_h — I'paAnuCHT

JIABJICHUS.
VYpasuenus (4) u (5) MOKa3bIBAOT, KaK B MPOIIECCE OCEAaHHS TBEPABIX Ua-
CTHI] KOHEYHOI'0 00beMa ra3 BHITECHSIETCS BBEPX. XapaKTep Cuil, ICHCTBYIOIINX
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Ha TBEPJbIC YAaCTHIIBI, BKJIIOYAs TMOJABEMHYIO CHIIY, CHJIY CONPOTHUBJICHHS rasa
Y TPaJMEHT JaBJIeHHsI, OMUChIBaETCs ypaBHeHueM (6). O0iiee KOJINYeCTBO JBHU-
JKEHUsI CHCTEMBI TIPEJICTABIIEHO ypaBHeHHeM (7).

B Tex ciyyasix, Korja OKHKalOIIUM areHTOM SIBJISETCS Ta3, a YaCTHUIIBI J0-
CTATOYHO KPYIHBIC WIH TJIOTHBIE, POMCXOMUT MPOLECC 00pa30BaHUS ra30BbIX
My3bIpei, He CojepKallnuX 4acTuil. [IpuuuHbl 00pa30BaHus TaAKUX Iy3bIPEi J10
KOHIIa He BeIsicHeHs! [9, 10].

BBIB O [l

[pemnoxkeHa cTpyKTypa MyJIbCUPYIOMIETO ciIosi. PaccMoTpeHsl mporiecc 00-
pa3oBaHUs YAAPHBIX CTPYH W MX BIMSHHE Ha 00pa3oBaHHE My3bIPCH B MyJIbCHU-
PYIOIIIEM CIIOE, a TAK)Ke PEXKHUM TaICHHS CJIOSI B TACCUBHOM CTaJny MUKJIA.
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