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Teopernyeckne HcCIeIOBaHUS MHUKPOIPOLIECCOB B3aUMOACHCTBUS MHUKPOYACTHLl C
BOJIOKHAMHU (HIIBTPYIOLIET0 MarepHaja Mo3BOJSIOT MOHITh MEXaHU3MbI OCAXJIEHUs nbutu. s
JTOTO OINPEEIICHA CUjla COIIPOTUBIICHUS Ta30BOM IIPOCIONKHU MEXAY YACTULICH U IPEISATCTBUEM
MyTEM pEelICHUs ypaBHEHHS boibliMaHa U OCTPOEHUS Ta30KMHETUYECKOU Teopruu cMmas3ku [1].
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3T0 ypaBHEHHE ABJIAETCA YpaBHEHHEM Ta3OKNHETHYECKoi Teopmm cMmaskm Oes ydera
CEEMEeMOCTH ra3da.

Taxoe TCOPCTUYCCKOC HCCICAOBAHUC SCHO IIOKa3bIBACT - OCHOBHOC IIbUICYJIABJIIMBAHUC
MMPOUCXOOUT Ha BOJIOKHAX MaTrcpuala.

* Pemenune ypaBuenms (1.10) mns cdepsl, ocaxparomieiicss B BO3AyXe JaeT Bpems t
OCAXJIICHUSI a’po30Jis paauyca r moja aeiictBuem cuibl P ¢ paccrosinus d Ha Teno,
HarpuMep, BOJIOKHO

. t= 6 mpr? [3/2+2In(6Kn"Y)]/P,

* 1Ac p- Ba3KocTh Taza, Kn=Md uucno Knyacena, paccuutanHoe Mo JJWHE CBOOOIHOTO
npoOera MOJIEKYJT A.

* B yacTHOCTH MBUIMHKA TNIMHO3EMA C BBICOTHI 15 MKM
* paauyca 100 mxMm ocsiet 3a 0,01 cek,

* apaauyca 10 mxm —3a 0,1 cexk.

DTOT Te3UC MOATBEPKICH IKCIIEPUMEHTANILHO IyTEM aHaIn3a CPe30B (PUIBTPOBATILHOTO

pyKaBa, 3albUIEHHOTO LIEMEHTHOM MbUIBIO [2].
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Puc. 2 Uznanxa



B mbuteynaBnmMBaHMM IIMPOKO MPUMEHSIOTCS T.H. PyKaBHbIE (TKaHEBBbIC) (QWIBTPHI, B
KOTOPBIX CTPEMSTCS Pa3MECTHUTh MAKCUMAaJbHYIO (MIBTPYIOIIYIO IUIOU[a]b B MHHHUMAJIbHOM
o0beMme. Ham yanocs pemuTs 3Ty mpobiaemy myTeM roppupoBaHust GUIBTPOBATBHOTO MaTepuaa

[3].
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[IpoyHOCTHBIE XapaKTEPUCTUKHU MPEACTABIEHBI B Ta0MLE |
tabmuia 1
[Ipounocts 3akpernok pykasoB 3DESA
30Ha cBapKH Veunue Ha  paspelB  3aKpeKH B MOTEPEYHOM
HanpasieHun, H
1 2 3 4
Tpeboanus TY 12,8 12,8 12,8 12,8
Ob6pazer; 1, 2018 T 20 20 25 25
Ob6pazer; 2, 2018 T 20 20 2,5 2,5
O6pazen 3, 20191 45 40 40 40
O6pazenr 4, 20191 45 45 40 40
O6paszen 5, 2024 r. Bepx 54 67
O6pazen 5, 2024 r. Hu3 40 71
Ob6paszern 6, 2024 r. Bepx 81 84
O6paszen 6, 2024 r. Hu3 157 101




Pa3priBHOE ycunue npooapHoro ceapHoro msa 124,74 H

Crnenuamuctet OO0 «PYCAJI UTL» [4] oOpatunu mpakTH4eckoe BHUMAaHUE Ha
NEPCHEKTUBBl  IIMPOKOrO  IMPOMBIIUIEHHOTO TMpHUMEHeHUuss B Poccun  rodpupoBaHHBIX
(GMIBTPOBABHBIX PYKABOB:

«OK PYCAJI» pacmmpuna o0iacTb HCCICIOBAaHMs, YCTAaHOBHUB Ha OAWH M3 TPEX MOMYJIb-
¢unerpoB CI'OY 19-1 rodpupoBaHHBIMH (HUIBTPOBAIIBHBIMA pyKaBaMH OTEYECTBEHHOMH
KOMITaHWH, OCHAIleHHble (UIBTPOBAILHBIM MAaTepUaIOM HMIIOPTHOTO MPOU3BOAMUTENS U
POCCHIICKOTO 3aBO/Ia, OHOTO U3 JKepa Mo Mpou3BoACcTBY B PD HeTkaHOTO Marepuaa.

ITo uToram 6-T MEeCAYHBIX UCIBITAHUH MponyckHas criocoOHocTh CI'OY yBenuunnack Ha 20%
IpY YMEHBIIEHUH TOKOBOM HArpy3KH Ha JIMOCOCHBIC YCTAaHOBKH. (Tadmuie 2 ).

CpaBHuTe/IbHBIE JaHHBbIE 0 KcIyaTanuu CI'OY 19-1

Tabmuma 2 .
@unerp | DOuIBTp OuibTp Ne3 ®uibTp Ne3
Nel Ne2 (roppupoBanHbIe) | (IIMITHMHIPUICCKUE)
Temmnepatypa, C° 57 55 58 54
CkopocTb, M/C 18,2 15,6 224 18,9
OOBEMHBII pacxo, HM /T 50280 43490 61610 53220

OTo pemieHue, B BHAE 3-X MEpPHOTO TEKCTHJIS, OTKPHUIO BO3MOXKHOCTH CO3JIaHUS
pa3HOo00pa3HbIX KOHCTPYKLIUN (DUIBTPOBAIBHBIX PYKaBOB.

O,Z[HOBpeMeHHO, HaJIn4ue MHOXKECTBa BApHUAHTOB IIOCTAaBUIIO 3aa4n BI:I60pa
OTIPENICNIAIONINX MapaMeTpOB PYKaBHOro (uibTpa. Mbl BBLACTHINM S5 Takux Oe3pa3MepHBIX
napameTpos [5]

Kpurepun nonodusi TedeHuii B pykaBHOM (pUJIbTpe

PazHooOpaszue KOHCTPYKLUHMH PYKaBHBIX (PUIBTPOB, pa3iMyHbIE CIIOCOOBI MX MOJCPHHU3AINH
CTaBHT

3a1a4y GOPMYIUPOBKH SICHBIX KPUTEPUEB OO0 TeUEHU B pyKaBHBIX puiibTpax. Heodxoanmo
OIIPEAEITHUTh

MUHUMAaJIbHBI HAaOOp MapamMeTpoB, HE 3aBUCALIMX OT rabapuTOB YCTAaHOBKH, OIpPENESIONINX
Te4YeHue

MBUIEra30BOT0 MOTOKA B pyKaBHOM (GuuibTpe. i 3Toro ynooHo npuMeHuts [1-reopemy.
[TapaMeTpsl, ONpeAeAIONe TCUCHHUS B PYKaBHOM (DUIIBTPE
Cv — BXOJHAS 3albUICHHOCTD;

C- BbIXOAHAaA 3allblJICHHOCTD,



Q — pacxon rasa;

S¢ — momane ¢punbTpauy;

Fp — MexpykaBHas 11011a/1b;

VBHUT — CKOPOCTh BUTAHUS TTHLIH;

dPBeHT — nepenan naBieHus Ha QUITBTPE;
qdM — BO3TyXOMPOHHUIIAEMOCTh (PHUIBTPOBAIBLHOTO MaTepHUaa,;
dPumn — naBnenue umiynbca (B pecuBepe);
W - 4aCTOTa MUMITYJIbCA CKATOTO BO3IYyXa;

D — cpennuii pazMep 4acTuIl IbUIH.

B Ge3pa3zMepHbIX mapameTpax:

C/ Cv = ¢ — cTeleHb OYUCTKHY;

Cv Q qdpm / dPBertr S¢p = Gof — mbpUIEeBOE COMPOTHUBICHUE KOMIUIEKTa PYKABOB (M3MEHEHUE
MBUIEBOM

Harpy3ku Ha marepuai pykaBoB Cv Q/ S¢, oTHeceHHOE K M3MEHEHHUIO JaBJICHUsI HAa MaTepHall
pYyKaBOB

dPBent / qpm);

S¢ / Fp = Sof — crenenb KOMIaKTHOCTH (PHUIIBTPA;

Q/ Fp VBur =V can — 4yucio MeXpyKaBHOH CKOPOCTH;

Cv w qdm D/ dPumn = Bag — mpuieBoe naBiIeHNe Ha pyKaBa B OTHOLIICHUH K JaBICHUIO HMITYIIbCA;
Sd D w/ Q = Reg — noka3zarens pereHeparuu marepuaia pykaBoB (CkopocTs pereneparnuu D w
OTHECEHHas K ckopocTu ¢unsrpamuu Q/ Sd).

[Ta1e kpuTEpHEB MONOOUS TEUCHUN B PYKABHBIX UMITYIHCHBIX (PHIBTPOB:

Gof=Cv Q qpm / dPBenT S = item (1)

Sof =S¢ / Fp = item (2)

V can = Q/ Fp VBut = item (3)

Bag = Cv w q¢pm D/ dPumn = item (4)

Reg =S¢ D w/ Q =item (5)

Pe3ynpraThl mpaBuibHOro mnpumeHeHus texHojoruu 3JIECA Bnewamisiomue, Kak B
KOHCTPYUPOBAHUM HOBBIX allaparoB, TaK M B PEKOHCTPYKIUHU JCHCTBYIOUIMX: YBEIUYECHHE
MIPOU3BOIUTEILHOCTH, CHUKEHUE BEIOPOCOB, YBEIIMUEHUE CPOKA CITY>KObI | T.1.. [6]

Hanpumep, Ha 0JHOM U3 aJTIOMUHUEBBIX 3aBOJOB (PMIBTPOBAILHBIMU eMeHTamMu «3DESA-

¢mipTpnarpon» AnuHONH 5 M (Bcero 5376 mT.) Obuta ykomrmuiektoBana ['OY u3 14 ¢guiabTpos.
OO6bIuHO, HA TIAAKUX (UIBTPOBAIBHBIX pPyKaBax MEXHMITYJbCHBIH WHTEpBand Ha dto ['OY
coctaBimsier 50 cek. Ilocie KOMIUIEKTalMM HOBBIMH pyKaBaMH BceX 14 QuIBTpoB 3TOM



MEXUMITYJIbCHBIA WHTepBa yBemmuuics 10 600 ¢ asa pykaBoB ¢ «3DESA-bunsTpnarpon». 910
TaK HEOXHJAHHO, 4TO Ciyxk0a SKcIUTyarauuu 3anmymmia 2 ¢wuistpa. Jns ocraBmmxcs 12
(GUIBTPOB MEKXUMIYIIBCHBIN HHTEPBAJ, cocTaBmI 10 (B cpearem) 200 ¢ u 6onee (puc. 3).

PyxaBa orpaboranu 4 roxaa,

[Ipumep MonepHuzanuu pykaBHoro ¢uisrpa mo TexHojoruu 3DESA [3]. Ero coctaB u
W3HAYaNIbHbIE YCJIOBUS OKCIUTyaTallud B TPOMU3BOJICTBE MHUHEPAJIHHOIO MOPOIIKAa ObLIN
CleayIoIue:

[ mermococ JIH-12,5 momHocThio 75 KBT, 1500 06/MUH;

U] rpyrmima MMKJIOHOB — 6 MIT. MPOU3BOAUTENBHOCTHIO 35—40 ThIC. M3/4;
] oTHOCUTEIbHAS BIAXHOCTH ChIpbs — 4—12 %);

] Temrieparypa Ha BBIXOJIE M3 CyIIMIbHOro 6apabana — 160— 200 °C;

[l nunmuHapudeckue GuiasTpytonme pykasa (muuHa — 2000 MM, nuametp — 160 MM, paccTosiHue
Mexay pykaBamu — 70 mm). Beero 80 pykaBos. [Tnomans dunsrpamun — 90 m2;

] pacxox ra3a — 2540 Teic. M3/4. ['a3oBas Harpy3ka — 5—9 m/mMuH;

] MeXpyKaBHasi CKOPOCTh — 3,64 m/c;

U] naBneHue umiynibca — 12 atm.

[TpoOGeMsbI 3aKTI0YATICH B TOM, YTO pyKaBa PBaIUCh, IBIMOCOC paboTal Ha MAKCUMAITbHOM

MPOU3BOAUTEILHOCTH, TOpEJIKa Topejia HAaloJIOBHHY CBOEW MOIIHOCTH, a MEXKHUMITYJIbCHBIN
WHTEpBaJ COCTaBIsT Bcero 12 ¢. B pesynbrare GuabsTp OBLT MEperpyk eH, U MPOU3BOACTBO
OCTaHOBUJIOCh. ...

[Tocne MonepHu3anuu mwiomags Guiasrpaunu yenuumiaacsk ¢ 90 qo 320 m2 (!) npu Tex xe
KOJTMYECTBE PYKaBOB U pacxoje rasza (25—40 teic. m3/49) (puc. 2). CHU3WIUCH Ta30Basi HarpyskKa (¢
5,0-9,0 no 1,3-2,0 m/MuH) U MexpykaBHas ckopocth (¢ 3,64 no 2,1-3,4 m/c). B pesynbrare
IPOM3BOJICTBO 3apaboTajio Ha MOJHYI0 MOIIHOCTH (TOpeiika — Ha MaKCUMyMeE), U TpHU 3TOM
JIBIMOCOC CHPABIIICS CO CBOEW 3ajadeil, paboTas JUIIb HA MOJOBUHY CBOEH MaKCHMalbHOM
POU3BOIUTEIHHOCTH.

Puc. 6. Pykasuvuii punomp nocie mooepnusayuu



Brisog.

Pa3pa60TaHa IMPOMBINIUICHHAsA  OPOTPCCCUBHAA  TCXHOJIOTHS  IBbUICYJIABJIIMBAHUWA

PYKaBHBIMHU (PMIIBTPaMH, 00eCIeunBaroIas HMIIOPTO3aMEIIEHUE B 3TOH OTPACIIH.
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3DESA - PROGRESSIVE TECHNOLOGY FOR DUST COLLECTION WITH BAG FILTERS
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Tel./fax +7 (48535) 3-18-36 E-mail: info@3desa.ru

It is possible to understand the mechanic of the dust sedimentation by theoretical study
microprocess of interaction microparticles with the fibers of the filter media. The force or the
resistant of the gas layer between dust particle and the body was determinate by solution of the
Bolzman aquation and by construction gas-kinetic theory of the lubrication [1]. This theoretical
study show clear that the general dust filtration spring from the surface of the fibers of filter media.

Experimental tested of this thesis was make by microscope analyze of the cuttings the filter
bags with cement dust [2].
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370 ypaBHCHHEC ABJIACTCA YpaBHEHHEM rasOKNHETHUeCROH TeopmE cmaskm Oea yuera
CAEMAEMOCTH rasa.

Such a theoretical study clearly shows that the main dust collection occurs on the fibers of the
material.

The solution of equation (1.10) for a sphere deposited in air gives the time t of deposition of an
aerosol of radius r under the action of a force P from a distance d on a body, for example, a fiber

t= 6 mur? [3/2+2In(6Kn"")]/P,

where p is the viscosity of the gas, Kn=A/d is the Knudsen number calculated from the free path
of the molecules A. In particular, a speck of alumina from a height of 15 microns radius of 100
microns will settle in 0.01 seconds, and a radius of 10 microns — in 0.1 seconds.

This thesis has been confirmed experimentally by analyzing of the cross sections the filter bag
dusted with cement dust [2].

Fig. 1 Front side
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M3HaHKa.

Fig. 2 Inside out

In many industries use bag filters (fabric filters), in that try to have maximal filtering square
in the minimal volume. We solve this problem by the way to goffered the filter media [3].
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The engineers of RUSAL ITC Co. Itd [4] was one of the first who was see the perspective of
the wide industrial applications goffered filter bags in the Russia.

"UC RUSAL” has expanded the field of research by installing on one of the three CGO 19-1 filter
modules corrugated filter sleeves of a domestic company equipped with filter material from an
imported manufacturer and a Russian factory, one of the leaders in the production of non-woven
materials in the Russian Federation. According to the results of 6-month tests, the throughput of

the CGO increased by 20% with a decrease in the current load on the smoke extraction plants.
(Table 1).

Comparative data on the operation of GO 19-1

Table 1
Filter No. 1 Filter No.2 Filter No.3 | Filter No.3
(corrugated) (cylindrical)
Temperature, C° | 57 55 58 54
Speed, m/s 18.2 15.6 22.4 18.9
Volumetric flow | 50280 43490 61610 53220
rate, nm3/h

This 3D textile solution was open new opportunity for constructions new different types of
the filter bags.

At the same time this many variants bring the problem to elect determinate parameters
of the flow in the filter house. We find 5 dimensionless parameters [5].

Criteria for the similarity of currents in a bag filter
The variety of bag filter designs and various ways of their modernization poses

the task of formulating clear criteria for the similarity of flows in bag filters. It is necessary to
determine the minimum set of parameters that do not depend on the dimensions of the installation,
which determine the flow of the dust and gas flow in the bag filter. To do this, it is convenient to
apply the IT -theorem.

Parameters determining the flow in the bag filter
Cv-input dustiness;

C-output dustiness;

Q-gas flow;

SF-filtration area;

Fp-inter-bags area;

Vbit - the sedimentation speed of the dust;
dPvent-differential pressure on the filter;
QPM-breathability of filter material;
dPumn-pulse pressure (in receiver);

w-pulse frequency of compressed air;



D is the average size of the dust particles.

In dimensionless parameters:

C / Cv = C-degree of purification;

Cv Q qfm / dPvent SF = Gof-dust resistance of bag set (change dust resistance

filtering material loads Cv Q / SF related to change in pressure on sleeve material
dPvent / QPM);

SF / Fp = Sof-the degree of compactness of the filter;

Q/ Fp Vbit =V can - number of inter bags speed;

Cv w QPM D/ dPumn = Bag-dust pressure on the bags in relation to the pulse pressure;
SF D w / Q = Reg-the regeneration rate of the filtering material (regeneration rate D w

relative to the filtration rate Q/ SF).

Five criteria for the similarity of currents in bag pulse filters:
Gof=Cv Q qfm / dPvent SF = item (1)

Sof =SF / Fp = item (2)

V can = Q/ Fp Vbit = item (3)

Bag = Cv w qfm D/ dPumn = item (4)
Reg=SF D w/Q =item (5)

The results of right use of the technology 3DESA (3D Economical System of Aspiration) are
impress as in in constructions new filter house that in the reconstruction that:

increase the volume of gas, increase the live time and so... [6]
For example, at one of the aluminum plants, the filter elements "3DESA-

filtratron" with a length of 5 m (total 5376 pcs.) were equipped with a GO of 14 filters. Usually,
on smooth filter bags, the pulse interval on this GO is 50 seconds. After completing all 14 filters
with new bags, the pulse interval increased to 600 s for bags with a "3DES filter patrone". It's so
unexpected that the maintenance service has turned off 2 filters. For the remaining 12 filters, the
pulse interval was up to (on average) 200 seconds or more (fig. 3).

The sleeves have worked for 4 years,

An example of upgrading a bag filter using 3DESA technology [3]. Its composition and initial
operating conditions in the production of mineral powder were as follows:

» smoke ventilator DN-12.5 with a capacity of 75 kW, 1500 rpm;
* cyclone group — 6 units with a capacity of 35-40 thousand m3/h;

* relative humidity of raw materials — 4-12 %;



* the temperature at the outlet of the drying drum is 160-200 °C;

* cylindrical filter sleeves (length — 2000 mm, diameter — 160 mm, distance between bags — 70
mm). There are 80 bags in total. Filtration area — 90 m2;

* gas consumption — 25-40 thousand m3/h. Gas load — 5-9 m/min;

* inter bags speed - 3.64 m/s;

* Pulse pressure — 12 atm.

The problems were that the bags were torn, the smoke ventilator was working at maximum

capacity, the burner was burning at half its capacity, and the pulse interval was only 12 seconds.
As a result, the filter was overloaded and production stopped. ...

After modernization, the filtration area increased from 90 to 320 m2 (!) with the same number
of hoses and gas consumption (25-40 thousand m3/h) (Fig. 6). The gas load decreased (from 5.0—
9.0 to 1.3-2.0 m/min) and the inter bags speed (from 3.64 to 2.1-3.4 m/s). As a result, production
started at full capacity (the burner was at maximum), and at the same time the smoke pump coped
with its task, working only at half of its maximum productivity.

Fig. 6. Bag filter after modernization
Conclusion:

An industrial progressive dust extraction technology with bag filters has been developed,
which ensures import substitution in this industry.
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