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Poboma npucesuena eupiwiennio 8adCIUB0I HAYKOBO-MEXHIUHUX NpoOIeMu — 30i1bUWeHHIO 2i0pOOUHAMIUHOL
CMIUKOCMI KUNJAYO20 WApy OUCHePCHUX RPOOYKMI8 ULIAXOM B0OCKOHANEHHS KOHCMPYKYII 2a30p03n00iibHO20
npucmpor. 3anponoHO8AHO OPURIHANBHY KOHCMPYKYIIO 2a30po3nodiibhoco npucmporo. Excnepumenmansho
suUsHaueno Koeghiyicum 2iOpPAGIiUHO20 ONOpPY 2A30PO3NOJIILHO20 HPUCHPOIO. YCMAHOBIEHO 3ANEHCHICHb
Koegiyicuma 2i0pasiiuno20 onopy 2azopo3nodiibHO20 NPUCTPOIO Gi0 11020 2eOMEeMPUYHUX NAPAMEMPIE MA PeHCUMY
meuyii menjioHOCIA.
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IMocTtanoBka npodiaemu. OTHUM i3 OCHOBHHUX HEIOJIIKIB BUCOKO-(EKTUBHUX arapartiB 3 KUILITINM IapOM €
HEJ0CTaTHS T1IpOUHAMIYHA CTIHKICTh KHIUITIOTO mapy. B pe3ynpTaTi 9oro BigOyBaeThCs 3asraHHs MPOAYKTY Ha
MTOBEPXHIO T'a30PO3MOIITFHOT0 TMIPUCTPOIO B OKPEMHUX HOT0 MiclsiX. I3 3pOCTaHHSAM IUIOI, 3aHATOT BiIKIIaIEHHAMH,
30UIBIY€EThCS. BUHOC TNPOAYKTY 3 amapary. B pesynbraTi, amapar 3ynuHSIOTH Uil OYMIIEHHS, IO NOTpedye
3aCTOCYBaHHSI HENPHEMHOI py4yHOI mpaui, 30UIblIy€e BTpaTH NPOIYKTY 1, B3araji, Taki 3yNWHKH HE IOIYCTUMI B
Oe3nepepBHOMY BUPOOHUIITBI.

PesynpraTn aHamizy ekcIulyaTtanii amapariB 3 KHIUIIYUM IIApOM B IIPOMMCIIOBOCTI IIOKa3ylOTh, IO
ripoJMHaMivHa CTIHKICTh KHIUIYOTO IIapy, B MEBHIM Mipi, 3aJeXHUTh BiJ KOHCTPYKLIii ra3opo3NoJiIbHOTO
IIPUCTPOIO Ta KOPEKTHOCTI Horo po3paxyHkis [1].

Haxxanp, B miTepaTypHHX Kepelax METOIH PO3PaxyHKiB ra30pO3MOUTEHAX IPUCTPOIB BUCBITICHI HEJOCTATHHO
JUTS X TIPOEKTYBaHHA. TOMY JOCTIPKEHHSI OCHOBHUX TIapaMeTPiB Ta30pO3MOAUTBHUX PUCTPOIB, HEOOXITHUX IS iX
MIPOEKTYBAHHS, AKTyaJbHI.

AHaJi3 monmepeaHix AOCTiIKeHb. 3arajJbHOI0 HAyKOBOIO TPOOJIEMOIO € Te, IO B MOHOTPadisiX MPOBITHUX
BUEHUX HABEICHO AyXe CKPOMHI PEKOMEHJAIii 3 pO3paxyHKy 1 NMPOEKTyBaHHS Ta30pO3MOMIILHUX MPHUCTPOIB B
amaparax KUIUITIOro 1Iapy.

Tak B monorpadii I1. I'. Pomankosa i H.b. PamkoBcrkoi [2] riapaBiiduHuii omip po3noiibHOr0 IPUCTPOIO paisiTh
npuiiMaTH PiBHUM IOJIOBHHI T'1JIPaBIiYHOrO ONOPY KHUIUITYOro mapy. Lis pekomenanis He BpaxoBye Taki (akTopu
SK: TATOMa Maca ITICEBIO3PIIKEHOr0 MPOAYKTY, IIBUIKOCTI MCEBJO3PI[KEHHSI 1 BUHOCY IPIOHMX YacTHHOK
HPOJYKTY, TEOMETPHYHI TapaMeTPH Ia30pO3IOALTEHOTO TPUCTPOIO.

B monorpadii b. C. CaxxuHa pekOMeHIYEThCS Nepenaj] TUCKY Ha ra30po3IoiIbHOMY MpUcTpoi He MeHie 1000

[Ta. 3a sikux mapameTpiB IOBHHEH OYTH TaKHUH Iepenaj TUCKY He BKa3yeTbes [3].
B po6orTi [4] aBTOpH €KCIIEpUMEHTAUTHEHUM METOJIOM OTPUMAIIH 3JICKHICTh, 10 3B’SA3Y€ TiIPOIUHAMIYHY CTIHKICTh
TICEBIO3PIKEHOTO IIapy 3 IIOLICIO (GKUBOT0» MEPETHHY OTBOPIB ra30pO3MOABIBHOTO IPUCTPOIO Ta 3 MApaMETPaMu
MIBUAKICHOTO PEXHUMY TICEBIO3PIIHKEHOTO Mapy. 3a BEIMYWHY TiAPOIWHAMIYHOI CTIHKOCTI MpUAMaach pi3HUIII
BHCOT IIApy 3a SKOi IPUITHHSAETHCS TICEBIO3PIHKEHHS O1IBII BUCOKOTO IIapy.

OTprMaHa 3aleXHICTh JTO3BOJISIE PO3PAaxXyBaTH IUIONIY OTBOPIB I MPOXOMy TEIJIOHOCIS, ajle He Jae
MOXIJIMBOCTI PO3paxoBYyBaTH KOHCTPYKIIIO Ta30pO3MOIIIBHOTO IPHCTPOIO, 30KpeMa, KOHQIrypamio i KiJgbKiCTh
OTBOpIB, iX pO3MIIlIEHHs, KPOK Ta TiApaBimiuHuid omip. s X po3paxyHKiB HEOOXiAHI EKCIEepHMEHTaJIbHI
TOCIIIKEHHS.

HeBwupimeHoro 4acTHHOIO HayKOBOI MPOOJIEMH € Te, 0 HE MOXJIMBO 3HAHTH TOYHE TEOPETUYHE BU3HAYCHHS
Koe(iLlieHTIB IiipaBIiYHOrO OMOpY, X 3HAYEHHS MOXKYTh OyTH 3Hal/ICHI TUIBKU JOCIIJHUM IUITXOM.
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MeTo10 poOOTH € BCTAHOBJICHHS OCHOBHHUX MAapaMETPIiB Ta30pO3MOJUTEHOTO MPUCTPOI0, HEOOXiTHUX s IX
MPOEKTYBaHHSL.

Buxusiag ocHoBHOTro MaTepiajay. MexaHi3M BUTpaTH €HEeprii Ha MOJ0JaHH MiCIIEBHX OIOPIB, 3B’ I3aHUX 3 €0
CHJI THEpIIii, 1 IWIIe HeBEJIMKA YacTKa CHEePTii BUTPAYAEThCs Ha TIOJOJIAHHS B’S3KOTO TEPTS B 00J1aCTI MAIUX YHCET
Re. T'azopo3mnominbHi TpHCTPOi MOKHA PO3MIIAIATH SK MICIEBI TiIpOJWHAMIYHI OMOPH, HAa MOMOJIAHHS SKHX
BHTPAYa€ThCS €HEprisi Ta30BOro MOTOKy. KoedimieHT MicrieBoro omopy 3aleXuTh Bifl KOHCTPYKIIii
ra30po3MOAUTFHOTO TPUCTPOIO 1 B MEHITiH Mipi Bif B’sA3K0ro TepTsa. ToMmy 3HaueHHS KOe(DilliEHTY MICIIEBOTO OIIOpY
TEOPETHYHO PO3PAXYBATH HEMOKIMBO. IOro BEIMUHHY BH3HAYAIOTH EKCIIEPUMEHTAILHO, KOPHCTYIOUHCH PIBHSHHAM
mBHIKicHOTO Hamopy (1).

pv?
AP =2, (1)
3BiZIKM KOS(IIIEHT MiCIIEBOTO T1APOIUHAMITHOTO OTIOPY
__2AP
§=2% 2)

ne AP — mepemnaji TUCKY Ha ra3opo3MoJiIbHOMY NpUcTpoi, [1a; p — ryctuna rasy (nositps), kr/m>;

V — mBUAKICTh Ta30BOTO IMOTOKY, M/C.

Bennunnamy, mo Bxoaath B popmyity (2) BUSHaYAINCh €KCIEPUMEHTAIEHO Ha J1a00paTOpHill yCTaHOBI PUCYHOK
1 1o mepemnaay CTaTUYHOI'O THUCKY Ha ra30po3MOALIBHOMY npucTpoi naboparopuoro anapary (1). Ilepeman Tucky
BUMIPIOBaBCS BOASHUM JI(pMaHOMETPOM, CEpEeAHBOKBaApaTHYHA ITOXMOKa siKoro He nepesuntyBaina 0,5 [Ta. Burpartu
HOBITPs, 10 3a0e3redyBaB IPUTOYHUH BEHTHIISTOP BHUCOKOTO THCKY (103. 2 Ha PHCYHKY 1) BUMIiproBalHcCs
KaiOpoBaHOIO AiaparMoro B KOMIUIEKTI 3 BOJISHUM qudmanomerpoM. Konctpykuist maboparopHoro anapary (1o3.
1 Ha pucyHky 1) mO3BOJSIE JIETKO BCTAaHOBIIOBATH IS JIOCHIJDKCHHS Ta30pO3MOMITIBHI MPUCTPOI 3 Pi3HUMH
KOHCTPYKTUBHUMH €JIEMEHTaMH.

o)

AT

1 — anapam 0111 docnidocensv, 1.1 — 2a30po3n00inbHUll NPUCMPIU, WO OOCTIOAHCYEMBCA, 2 — BEHMUIAMOP NOOAU]
nogimps; 3,4 —wubepu; 5 — diagppazma 0ns euMipro8anus 06 emuux eumpam nogimpsi, 6,7 — ougpmanomempu, 8 —
ougpmaromemp 800U, WO BUMIPIOE nepenad MucKy Ha oiagpacm.

Puc. 1 — Cxema ycTaHOBKH /151 TOCJTi/I?KEHHS Ti/IPaBJIiYHOTO ONOPY ra3opo3noaiibHUX NPUCTPOIB

Koncrpykuito razoposnoainsHoro npuctpoio (1.1) HaBeseHO Ha pUCYHKY 2.
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1 — pama; 2 — 2azopo3nodinera pewtimka,; 3 —Wnaibmosa cimxka

Puc. 2 — KoHCTpYKIIisi ra30po3noAiibHOr0 MPUCTPOIO

Pama 1 no3BoIsie SIKICHO 3aKpIlTUTH B OJMH OJIOK Ta30PO3MOAUTEHY PEUIiTKY 1 IIMaJbTOBY CiTKY, 3a0€3MeUNBIITN
napayienbHicTh iX moBepxHi. llmanpToBa ciTka 3 BUKOHYE (QYHKITiIO MIATPUMKH IICEBIO3P1HKEHOTO Mapy MPOIYKTY.
if oTBOpH He moBMHHI HOMycKaTH MpocHMaHHSA MPOAYKTY.OCHOBHHUM €I€MEHTOM Ta30pO3MOAIILHOTO TIPHCTPOIO €
ra30po3Mo/IiIbHA PEIiTKa, i TUIOIIa MepeTHHY OTBOPIB BiJHECEHA IO TUIONI MOBEPXHI PEUIiTKHA 30UTBIIYEThCS 3i
301JIBIICHHSM JliaMETPy OTBOPIB.

Jli1st mpoBeicHHsT AOCIIIIB BigiOpaHi ra30po3MOAiIbHI PENITKH 3 OTBOPAMH JiaMeTpoM: 3 MM, 4 MM, 5 MM i
BiJIMTOBIHOIO BiTHOCHOIO IIOMIECIO IEPETUHY OTBOPIB F Ta30pO3MOMIIBHOI PEIIiTKY 10 ii MOBepxHi F.
F  md?®n
- = ; 3)
F,  4B<C
Jie d — TuaMeTp OTBOPIB ra30pO3MOAUIBHOI PEIIITKH PELIITKH, M; N — YUCIIO OTBOPIB PELIITKY;
B, C — mmpuHa i 1oBXHHA poOOYOT YACTHHU PEIIITKH, M;
Fy F, F
—=0.017; — = 0.038; — = 0.046.
Fy Fy Fy

ne innexcu 3, 4, 5 Mo3HAYal0Th liaMETPHU OTBOPIB PEIITiTOK.

Jnst Bu3HaYeHHS KOe(illi€HTIB TiAPaBIidYHOTO OMOPY Ta30pO3MOMUTHPHUX MPUCTPOIB (asli ra30pO3MOIiIIEHOTO
MIPUCTPOIO) TIPOBEJACHO EKCIEPUMEHTAIbHI JOCTIDKEHHST TPhOX Ta30pO3MOAUTLHUX TPHCTPOIB 3 PI3HUMH
KOHCTpYKLisiMH pertiTok. OOpo0iieHi pe3ynbTaTi 10CHiPKeHb HABEAEHO Ha PUCYHKY 3.

3 rpadiky HA PHCYHKY 3 BHJHO, IO BCi CKCICPUMCHTAIBbHI TOYKH 3aJOBUIBHO OMHUCYIOTHCS JIHIHHUMU
3aiexHocTsIMA. CepefHE KBaJpaTHYHE BIJXWICHHS EKCIEPHMMEHTAIBHMX TOYOK BiJl TEOPETHYHHUX IPSIMUX HE
nepesumye o < 37 [la. TlomoxeHHS 1 HAXWIT aIPOKCUMYIOUNX MPSIMHUX 30UTBIIYETHCS 31 301IBIICHHSAM JiaMeTpiB
OTBOpIB ra30po3MOAUIBHUX pEIIiTOK. I3 niteparypHux mxepen [5,6,7,8] BimoMo, Mo Ha BEIMYMHY KOe(illiEHTIB
OTIOPY BIUIMBAIOTH TaKi OCHOBHI MapaMeTPH, K: BiIHOCHA IUIOIIA IIEPETHHY OTBOPIB ra30pO3MOAUTEHOI PEUTiTKA 10

e . . F o . . = . . s
11 3araJJbHO1 IIJIOINl - F_ (OKUBUN» TICPETUH; BIJHOMCHHA TOBIIWMHHU Ta3OpO3MOAUIBHOl PCHIITKH A0 d1aMETPy 11
i

. l . = .
OTBOPIB -d—; yuciio Re. BanOBy}O‘II/I, 110 TOBIIMHA PO3MOAUIBHO1 PCHIITKHW MPAKTUYHO OJHAKOBa (3 MM); JJIA
i

. . . i
OCHOBHOI KiJIbKOCTI amapatis, apameTp — MOYHa HE BPaXOBYBATH.
[IpoBeneni mocniny i mitepatypHi nasi [7,8] nokaszyroTh Mo Koe(illieHT IilpaBIigYHOTO ONOPY HNPaKTUYHO HE
3aJIeKuTh Big Re = 1000.
AHani3 HaBeIEHUWX IapaMeTpiB IMOKa3ye IO OCHOBHMM (DakTOpoM BIUIMBY Ha BEIMYMHY KoediuieHTa

. . . F
rapaBIMYHOIo ONopy € B1AHOIICHHA F_
i
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Puc. 3 — 3ane:kHicTh Nepenaay THCKY HA Ta30pO3NOAiIbHOMY NPHUCTPOIO Bii AMHAMIYHOIO HANIOPY
TemI0Hocisa

. F ..
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Puc. 4 — 3anexnicTs koedinienTa rixpasaiyHoro onopy

I3 pucynka 4 BUIHO, IO BeMMYWHA Koe(illi€eHTa TiAPABIIYHOTO OMOPY 30iTBIIYETHCS 13 301TBIICHHIM i
i
JiHIHHUM 3akoHOM. Binpizok 0 — 1, mo Biicikae anpokcuMyroda IpsiMa Ha OCi OpJHMHAT BigoOpaxkae, O4eBUIHO,
Koe(DiIieHT TiAPaBIIYHOTO OMOPY MITMAIETOBOI CITKH.

F
§=1+K-F— K =0.33 “4)
i
Otpumane piBHSHHS (4) 3 JOCTaTHHOIO TOYHICTIO OIUCY€E 3aJEKHICTh KOe]ili€HTa TiApaBIIYHOIO OMOPY Bil

F F .
napameTpy — B Mekax 1< == 5, cepenHbokBaapaTuyHe Biaxuienus o = 0,075.
L L

Haii6inpinii BIuIMB Ha BeIMYHMHY KOE(ILI€HTY TiIPpaBIiyHOTO ONOPY ra3opo3NOIIIBHOTO IPUCTPOIO CTBOPIOE
F
mapamerp - —.
i
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BucHoBok. Po3po0ieHa KOHCTPYKIIisS Ta30p03MOIUIEHOTO PUCTPOIO IS AllapaTy 0XOJIOPKEHHS MEPIiTy Ta s
BEJIMKOI TPYIHN 1HIIMX anapariB 3 MICEBJI0 3PiKEHUM IapOM.

BuroTtoBneHo mabopaTopHUi MOIYJh Ta30pO3MOAUTIEHOTO TPHUCTPOIO 1 J1abOpaTOpHY YCTaHOBKY IS
JOCHII/DKCHHS. ~ BIUIMBY TEOMETPHYHMX IapaMmMeTpiB Ha 3HA4eHHS KOEQIIiEHTY TiIPaBIiYHOTO  OIOpPY
ra30po3MoALIbEHOIO TPUCTPOIO.

BcTanoBneHo, 1m0 OCHOBHMM ()aKTOpOM, SKHH BIUIMBAa€ Ha BEIUYHMHY KOeQilli€eHTa TiIPaBIidHOTO OMOPY €
BiJIHOCHA IIJIOMIA «KUBOTO» MEPETUHY OTBOPIB ra30pO3MOAIIEHOTO TIPUCTPOIO

BcranoBnena excriepuMeHTanbH 3anexHicth { =14+ K - o K =033 gmma po3paxyHKy KoedimieHTY
i

TiAPaBIIYHOTO OTIOPY Ta30PO3MOAITEHOTO MPUCTPOIO B Mekax 1 < Fi < 5, o nepekpuBae yBech poOoUHii Aiana3zoH
L
IS arapaTiB TICEBI03PiHKEHOTO 1Iapy.

IMepcnekTHBY MOAAJBIINX AOCTiAKeHb. [lepeBipuTH BCi TUITOBI KOHCTPYKIIIi amapaTiB 3 TCEBIO3PiIKEHUM
mapoM Ha BiJMIOBIAHICTh OTPUMAHOTO PiBHAHHSA (4). Po3pobutn MeTonn 30UThIICHHS TiIpOJUHAMIYHOT CTIHKOCTI
MCEBJO3PIMHKEHOr0  LIapy  BBEACHHsIM  (OHTaHYI4Ol CKiIafoBOi. Po3poOMTH  METOAMKY  pO3paxyHKy
ra30po3MoAiIbHOrO MPUCTPOIO
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Marchevsky V. M., Voitiuk V. O.
GAS DISTRIBUTION DEVICE OF THE FLUIDIZED BED APPARATUS

A common scientific problem is that the monographs of leading scientists provide very modest recommendations for
the calculation and design of gas distribution devices in fluidized bed apparatus.

So, in the monograph of P.G. Romankov and N.B. Rashkovsky, hydraulic resistance of the switchgear is advised to
be taken equal to half the hydraulic resistance of the fluidized bed. This recommendation does not take into account
such factors as: the specific gravity of the fluidized product, the rate of fluidization and removal of small particles of
the product, and the geometric parameters of the gas distribution device.

In the monograph of B.S. Sazhin, it is recommended that a pressure drop on the gas distribution device is taken not
less than 1000 Pa. What parameters should induce such a pressure drop is not specified.

In the work of V.M. Marchevsky and R.N. Zherebkina, the dependence connecting the hydrodynamic stability of the
Sfluidized bed with the area of the "living" section of the openings in the gas distribution device and with the parameters
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of the velocity regime of the fluidized bed was obtained experimentally. The value of the hydrodynamic stability was
taken as the difference in the bed heights at which the fluidization of the higher layer ceased.

The obtained dependence allows calculating the cross-sectional areas of the openings for the passage of the coolant,
but does not allow calculating the design of the gas distribution device: in particular, the configuration and number
of openings, their location, pitch and hydraulic resistance. Experimental studies are needed for their calculation.
The unsolved part of the scientific problem is that it is not possible to find an exact theoretical definition of the
hydraulic resistance coefficients; their values can be found only experimentally.

Experiments and literature data show that the hydraulic resistance coefficient does not depend on numbers Re > 1000.
The main factor influencing the value of the hydraulic resistance coefficient is the ratio F / Fi, where F is the cross-
sectional area of the lattice holes and F is the cross-sectional area of the apparatus.

Analysis of the parameters presented in this paper confirms that the value of the hydraulic resistance coefficient
increases with increasing — according to the linear law & =1+ K - 7 K=03. Segment 0 - 1, which cuts off the
approximating line on the y—axzs reflects the hydraulic resistance coeff cient of the columnar grid.

The obtained equatton describes with Sz;ﬁ‘ icient accuracy the dependence of the hydraulic resistance coefficient on
the parameter F— in the range of 0.01 < 7 < 0.05. The standard deviation of the experimental values of the hydraulic
resistance coeﬁ‘l‘ cient from the calculated oneis o = 0.075.

1t is established that the main factor influencing the value of the hydraulic resistance coefficient is the relative area
of the "living" cross-section of the openings in the gas distribution device.

Keywords: hydraulic resistance coefficient, gas distribution device, fluidized bed, lattice, columnar grid.
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