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AHHOmMauyus. BaxHou 3adadeli npu obecrbiugaHuu 2a308bIX 8bI6POCO8 Ha MpednpusImusIX Xumuye-
CKoU rpoMbILIEHHOCMU sieriiemcsi 0oCmUuKeHUe 8bICOKoU aghghekmusHocmu. s 3rmoao npumeHsiemcsi
Komrinekc arnapamos. KpyrHele Yacmuubl yOarnsomcs u3 2a3o8 8 arinapamax epybou oyucmku. Menkue
yacmuupl ydansromcs u3 2a3oe 8 arinapamax moHkol o4ucmiku. OOHako Gburibmpbl MOHKOU OYUCMKU
bbicmpo 3abusaromcs, Ymo rnpPUBOOUM K y8eruYeHUIo 2udpasiud4ecKo20 CorMpomueneHust U 8 HeKOmophbIx
Crlyyasix — K CHUXXeHUro aghgbekmusHocmu. AkmyaribHoU 3aladqeli 16/19emcs yeernuqyeHue Ux CpoKa Criyxobi
u nosbiweHue agpghpekmusHocmu. [rnss amozo e pabome npedrioxeHa KOHCMPYKUUS cenapamopa ¢ COOCHO
pacrnonoxeHHbIMU mpybamu, Komopbil npednazaemcs ycmaHosume rneped uabmpamu MoHKoU o4ucm-
Ku. Llernbto OaHHOU pabombl S8M1Semcsi YUCIIEHHOe Uuccrie0o8aHue 6/USHUS Yeria pacKpbimusi rpsiMoyeorib-
HbIX wesel Ha 3¢hghbeKmu8HOCMb U 2UOPasiu4eCcKoe CoMpomuUesieHUe cenapamopa ¢ COOCHO PacriofoXeH-
HbiMu mpybamu. B cmambe npedcmasneHa KOHCMpyKuusi cerapamopa. OnucaH npuHyun oeldcmeusl.
[Npu yucrieHHbIX pacyemax Ha 8xode 8 ycmpoulcmeo 3adasasiacb 8X00Hasi CKOPOCMb 2a308020 OIMOKa,
Komopasi 8apbuposanacb om 3 0o 10 m/c, u maccosbili pacxod Yacmuy 5 a/c. [lnomHocmb Yacmuy, usme-
Hsinack om 1000 0o 3000 ka/m?. Juamemp Yacmuy, eapbuposarics om 1 0o 15 MkM. Y2011 packpbimus wie-
nieli eapbuposasicsi om 16 do 24 °. B xode pac4yemos bbinu cOenaHbl crnedyroujue OCHOBHbIE 8bI800bI:
CmMpyKmMypuposaHHOCMb 8uxpeli 8 MexxmpybHOM rpocmpaHcmee onpedesiiem cmerneHb 3ghheKmuUeHo-
cmu cerapamopa C COOCHO PacrionoX)eHHbIMU mpybamu, npu yane packpbimusi rMpsiMoy20sbHbIX uenel
a =20 ° docmuzaemcsi MakcumarbHas 3gbgheKmueHOCMb cenapayuu MesIKoOUCHEepCHbIX Yacmul pasme-
pom 3o 10 MKm U3 3arbIIeHHO20 oMoka, pasHasi 8 cpedHem 40,3 %, aghchekmusHOCMb cenapayuu MesKo-
oucrnepcHbIX Yacmuy, U3 3arblIeHHO20 MOoIMoKa yeeru4ueaemcs npu pocme 8xo0HOU cKopocmu 2asa U
MIOMHOCMU Yacmuu, m.K. OHU Jiea4e o0daromcs 8bibUBaHUI0 U3 3a8UXPEHHO20 2a3a, rnomepu 0aerieHusi 8
cernapamope ¢ COOCHO pacriofnoXXeHHbIMU mpybamu cocmasrnsitom He 6oriee 626 [la.

Knroyeebie cnoea: za3osbie 8bI6pOChi, cernapamop, ynasnueaHue Yacmuuy, UeHMpPObeXHbie
curbl, UeHMpPobeXHbIU cernapamop, UUKITOHHbIU cernapamop, YUKIIOH, MesIkooucrnepcHas Mblib, Mesl-
Kas ¢hpakyus yacmuy, cernapayus yacmuy, u3 2asa, ocaxkoeHue yacmuy,

BnazodapHocmu: Paboma ebironHeHa npu ¢puHaHcoeol noddepxxke cmuneHouu lMpesudeHma
P® monodbim y4eHbim u acniupaHmam Cl1-3577.2022.1.

Ana yumupoeanusi: OyeHka aghchekmusHocmu cernapamopa ¢ COOCHO PacrofioXeHHbIMU mpybamu
npu obecnbiueaHUU 2a308biX 8bI6POCO8 MPU Pa3IUYHOM ya/ie PacKpbIMus NpsiMoyaosibHbIX wened |
B. 3. BuHypos [u dp.] // MonayHoBckuin BecTHMK. 2022. Ne 4. T. 2. C. 39-47. doi: 10.25712/ASTU.2072-
8921.2022.4.2.006. EDN: https://elibrary.ru/NVLQUK.
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Original article

EVALUATION OF THE EFFICIENCY OF A SEPARATOR WITH
COAXIALLY ARRANGED PIPES WHEN DEDUSTING GAS
EMISSIONS AT DIFFERENT ANGLES OF OPENING RECTANGULAR
SLOTS

Vadim E. Zinurov 1, llyuza N. Nasyrova ?, linur N. Madyshev 3,
Azat A. Galiev *

1.2.3,4Kazan State Power Engineering University, Kazan, Russia
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Silnyr_91@mail.ru, https://orcid.org/0000-0001-9513-894X
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Abstract. An important task in dedusting gas emissions at chemical industry enterprises is to
achieve high efficiency. A complex of devices is used for this. Large particles are removed from gases
in coarse cleaning devices. Fine particles are removed from gases in fine cleaning devices. However,
fine filters are quickly clogged, which leads to an increase in hydraulic resistance and, in some cases,
to a decrease in efficiency. An urgent task is to increase their service life and increase efficiency. For
this purpose, the paper proposes the design of a separator with coaxially arranged pipes, which is
proposed to be installed in front of fine filters. The aim of this work is to numerically investigate the
effect of the angle of opening of rectangular slits on the efficiency and hydraulic resistance of a sepa-
rator with coaxially arranged pipes. The article presents the design of the separator. The principle of
operation is described. During numerical calculations, the inlet velocity of the gas flow was set at the
inlet of the device, which varied from 3 to 10 m/s, and the mass flow rate of particles was 5 g/s. The
particle density varied from 1000 to 3000 kg/m3. The particle diameter varied from 1 to 15 microns.
The opening angle of the slits varied from 16 to 24 °. During the calculations, the following main con-
clusions were made: the structure of vortices in the inter-tube space determines the degree of efficien-
cy of a separator with coaxially arranged pipes, with the angle of opening of rectangular slits a = 20 °,
the maximum separation efficiency of fine particles up to 10 microns in size from a dusty stream is
equal to an average of 40.3 %, the separation efficiency of fine particles from a dusty stream is
achieved. the flow rate increases with an increase in the input gas velocity and particle density, be-
cause they are easier to dislodge from the swirling gas, the pressure loss in the separator with coaxial-
ly arranged pipes is no more than 626 Pa.

Keywords: gas emissions, separator, particle capture, centrifugal forces, centrifugal separator,
cyclone separator, cyclone, fine dust, fine particle fraction, separation of particles from gas, particle
deposition.

Acknowledgements: The studywas carried out with the financial support of the scholarship of
the President of the Russian Federation to young scientists and postgraduate’s SP-3577.2022.1.

For citation: Zinurov, V. E., Nasyrova, I. |, Madyshev, I. N. & Galiev, A. A. (2022) Evaluation of the
efficiency of a separator with coaxially arranged pipes when dedusting gas emissions at different an-
gles of opening rectangular slots. Polzunovskiy vestnik, 4(2), 39-47. (In Russ.). doi: 10.25712/
ASTU.2072-8921.2022.4.2.006. EDN: https://elibrary.ru/NVLQUK.

C TOYKM 3peHMs oOXxpaHbl OKpyXatoLlen TepeH BbIOPOC MOOO4YHBLIX MPOAYKTOB B BUAE

cpeabl 1 cokpalleHns 06beMOoB, NOCTYNaoLWMX B
aTMoccepy BpedHbIX BeLLecTB, KauyeCcTBEeHHas
O4YMCTKa ra3oBblX BbIOPOCOB OT TBEpAbIX YacTuL
Ha NpeanpuUATUSIX XMMWYECKOW, HedTexumuye-
CKOW W ApYrovi NpOMbILUNIEHHOCTU MMEET NepBo-
cTeneHHoe 3HadeHuwe [1-3]. Ons 6onblwmHCTBA
NpoLEeCCOB XMMWYECKOr0 MpPOU3BOACTBA Xapak-

B3BECM TBepAbIX UMM XUAKMX 4vactuu. Ons umx
yAaneHus 13 rasoBblX BblIOPOCOB NMPUMEHSAOTCS
Hanbonee addekTMBHbIE CpeacTBa nNblneyaa-
neHus [4]. Kak npaBuno, oHn gendarcs Ha 5 oc-
HOBHbIX CMOCOOOB YNaBNMBaHWA WM OCaxae-
Husi: 1) annapaTtbl rpaBMTAUMOHHOIO TWNa;
2) mokpble annapatbl; 3) Cyxue WHEepPUMOHHbIE

40 [OJS13YHOBCKMN BECTHUK Ne 4, T.2 2022



OLEHKA 39®EKTMBHOCTW CEMNAPATOPA C COOCHO PACMNOJTIOXKEHHBIMA TPYBAMU
MNP OBECTIbIIMBAHVN TA3OBbIX BEIBPOCOB MNP PA3NTMYHOM YTTIE PACKPbITUA
NPAMOYT ONbHbIX LWENEN

CcUCTeMbl;  4) KOHTaKTHble  MblNeyrnoBUTENMU;
5) bunbTpbl, Hanpumep, anekTpocTaTUyeckue.
Bbibop TOro unuM umHoro cnocoba 3aBUCUT OT
MHOXecTBa pakTopoB [5]. K OCHOBHbIM OTHOCAT
pasmep 4actuy B rasoBbix Bblbpocax, ob6bem-
HbIA pacxof, arpeCcCUBHOCTb MblfIerasoBoro no-
TOKa U TemnepaTypy notoka [6, 7].

Hanpumep, kamepbl  rpaBUTaLUOHHOrO
ocaxieHus, Kak npasBuno, MNPUMEHSIIOTCA AOnA
yaaneHusa 4actul U3 3anblfieHHbIX ra3oBbIX Bbl-
Opocoe pasmepom 6onee 100 Mkm. [MpuHUMN
OENCTBMA 3aKnovaeTcs B TOM, YTO BHYTpWU an-
napaTa co3gaeTcs MeaneHHoe ABWXeHue 3anbl-
NEeHHOW cpefbl, Y4TO NO3BONsAeT YacTuuam onpe-
AEeNeHHOro pasmepa OCecTb B pesynbrate Aen-
cTBUS cunbl Tsbkectu [8]. B 3aBucumoctn ot
pasmepa, NIOTHOCTU YacTuL U Apyrnx napameT-
POB KOPPEKTUPYIOTCA pasmepbl rpaBUTaLMOHHOWM
nbineocaguTensHon kamepsbl [9].

bonee achdhekTUBHBIMM annapaTamMn CyxoWn
OYUCTKM ONSA yoaneHus TBepAblxX 4acTul cyuTa-
I0TCH UMKIOHHbIE CenapaTopbl, MO3BONsoLWme
3a cyeT LEeHTPOBEexXHbIX cun cenapupoBaTtb U3
3anbIfIeHHOW cpedbl YacTuubl pasmepom 0o 10—
20 MKM B 3aBMCMMOCTM OT Moaudukaumm anna-
pata [10]. K HepoctaTkam OTHOCAT BbICOKOE
rmgpasnuyeckoe conpotusneHue [11].

Ona ypaneHns w3 3anblfieHHbIX MOTOKOB
MENKOAMCMEPCHbIX YacTuLl, pasMepoM MeHee
10 MKM NpUMEHSA0TCA pyKaBHble (PUMbTPbI, LeH-
TpobexHble  UNbTPbI,  3ANEKTpocTaTU4eckne
GuUnbTpbl, annapatbl MOKPOW OYUCTKM W Ap.
K HegocTaTkam AaHHbIX annapaToB OTHOCAT Bbl-
COKMEe KanuTasibHble W 3KCnnyaTauuoHHbIE 3a-
TpaTbl, BbICOKOE TMApaBfMYEcKoe COnpoTuBIe-
HUe, B HEKOTOPbIX cny4dasix ocobble TpeboBaHus
K 3anblfieHHOW cpefe, Hanpumep, B3pbiBOOMNac-
Hble MOPOLLKM Hemnb3si MponyckaTb Yepes dnek-
TpocTaTudeckne unbTpbl. Takke OaHHble an-
napaTbl ObICTpO 3abuBaroTCcs, BCNeAcTBUE Yero
BO3HMKAET HEOOXOAMMOCTb MX OYUCTKM WUMKU 3a-
MEHbI pacxoaHblx Matepuanos [12-14].

B GonbLlUMHCTBE Cry4yaeB TEXHOMOIMYecKe
NNHUA NO OYUCTKE 3anblfeHHbIX ras’oBblX Bbl-
©pocoB BknYalT annapaTbl rpybon OYUCTKM,
T.e. ANs yganeHus vactuy pasmepom o 10—
20 MKM 1 annapaTbl TOHKOW OYUCTKM A8 yaane-
HUSA MENKOAUCNEPCHbIX YacTul, pasMepoMm Me-
Hee 10 MKkM. B cBA3u ¢ Tem, 4TO annapaTbl TOH-
KOW OYMCTKM OTHOCMUTENIbHO ObICTpPO 3abuBatoT-
C4, a 9TO NPUBOOMT K YBEINMYEHUIO rmapasnuye-
CKOro COMNPOTWMBMEHUS, B HEKOTOPbIX Criyyasax K
YMEHbLUEHNIO WX 3(PPEKTUBHOCTM U ApYrnMm
HeraTMBHbIM pakTopam MNpoU3BOOAT OCTaHOBKY
TEXHOMOrMYeCckNx NUHUA AN UX BOCCTaHOBMe-
HuA. AKTyarnbHOW 3afayen sBnseTcs yBenude-
HMe cpoka cnyXbbl PUNLTPOB TOHKON OYNCTKM.

POLZUNOVSKIY VESTNIK Ne 4, V.2 2022

AsTopamn paboTbl Obina paspaboTaHa KoH-
CTPYKUMSI cenapaTopa ¢ COOCHO PacnonioXeHHbIMU
Tpybamu, KoTopasi npeacTaBneHa Ha pucyHke 1.
BcBsan C akTyanbHOCTbIO YBEMUYEHUS] Cpoka
Cny0bl (PUNBLTPOB TOHKOW OYMCTKM MNpegnaraercs
ee ucnonb3oBaTb nepen HUMK. CyLleCTBEHHbLIM
[OOCTOVHCTBOM YCTPOWCTBA SIBNSIETCS MpocToTa
KOHCTpyKUmMn [15]. OCHOBHLIMK 3niEMeHTaMu SiB-
NSATCA 2 LMNMHapUYeckme Tpyobl.

MpuHUMN [encTBMA 3akntoyaeTcs B BO3-
HUKHOBEHNM MHOXECTBa YNOPSIAOYEHHbLIX BUX-
peBbIX MOTOKOB B MEXTPYOHOM MNpOCTpaHCTBE
cenapatopa [16], 3a c4eT KOTOpbIX NPOMCXOauT
cenapauusi MenNKogUCNEPCHbIX YacTuy, M3 3anbl-
NeHHOro rasa. 3anblfieHHas cpefa BXOAWT B ce-
napaTtop C COOCHO PacnofioKeHHbIMWU Tpybamm
Yyepes BxogHoe oTBepcTue 1. [lanee ras u men-
KogucnepcHble YacTuubl ABUXKYTCS MO BHYTPEH-
HEeN LmMnuHapuYeckon Tpybe Ao NpsIMOYrosibHbIX
wenen 3. MNocne 4ero 4acTb NOTOKa yCTpemns-
eTcs B wenu 3. MNMpyu NpoxoxaeHnn 3anbifieHHOro
rasa yepes HUX Kaxpgasi CTpys pasgensieTcs Ha
2 NOTOKa, KaXXAbll U3 KOTOPbIX ABWXETCS B NPO-
TMBOMOJOXHbIE OTHOCUMTENBLHO APYr Apyra CTo-
POHbI, T.€. BNpaBO M BreBo. 3a CYeT TOro, YTo
NPsIMOYrofbHbIE LWEenu npofenaHbl B OCecuM-
METPUYHOM HanpaBneHuW, Kaxable OTAenbHble
MOTOKU MPU BbIXOAE U3 HUX (hOPMUPYIOT BUXPMU,
KOTOpble «MoAnupatoT» cocedHue, T.e. He JatoT
UM pas3Banutbcsi. TakuMm o6pasom, BMECTO Xao-

TMYECKOrO BOCXOASALLEro MoToka Cco3JaeTcs
MHOXECTBO YyNopsiiOYEHHbIX BUXPEN B
MEXTPYOHOM npocTpaHcTBe yCTpou-

ctBa (puc. 2). lpu ux BpalleHun Cco3[arTCs
LEeHTPOOEXHbIE CUMbl BbICOKMX 3HAYEHWIN, KOTO-
pble MO3BONSAKT BbIOMBATL U3 MOTOKa MEMKO-
OucnepcHble YacTvubl B HanpasfieHUe UUIUH-
OPUYECKUX NMOBEPXHOCTEN BHYTPEHHEN U BHELU-
Hel TpyO. OuMLLEHHbIV ra3 OBWKETCHA K BbIXOA-
HbIM OTBEPCTUAM 2, KOTOpPblE NpoAesiaHbl B nna-
ctuHe. CnegyeT OTMETUTb, YTO KONMYECTBO Bbl-
XOOHbIX OTBEPCTUN 2 B NflacTUHE COOTBETCTBYET
KONMMYeCTBY BMXPEN B MEXTPYOHOM MpoCTpaH-
cTBe. Hanuune oTBepcTMn 2 B NnacTuHe Takxe
no3BonseT nogaepXusaTb LENOCTHOCTb BUXPEN
B cenapaTtope. BTopas yacTb OCHOBHOro 3aribl-
NEeHHOro noToKa, KoTopas He ycTpemnseTcs B
NPsSIMOYronbHble Wenn 3, NpoxoauT uyepes
CKBO3HOE OTBEPCTUE BHYTPEHHEN UMNUHApuye-
ckon TpyObl. Mocne 4yero pasBopadvBaeTcs Ha
180 ° n gBmxeTca B CTOPOHY K BbIXOAHbIM OT-
BEPCTUSIM 2 4yepe3 MeXTPyOHOe MpoCTpaHCTBO.
HeobxooumocTb B ero Hanuyum obycrioBneHa
UCKMOYEHMEM 3a0MBaHUSI BHYTPEHHEW TPyObI
CpefHVMN U KPYMHbIMW YacTuuamu, KOoTopble
MOryT OKasaTbCs B MOTOKE BBMAY HECOBEpLUEH-
CTBa annapartoB rpyboM OYMCTKM B TEXHONOrM-
4YeCcKoW NMHUN UNn arnomepaumm YacTuy,
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BaxHon 3agadven aBnsieTcs MHTEHcMdMKa-
uMsa cenapauum MernkogucCnepcHbIX 4Yactul u3s
rasoBoOro noToka B cenapaTope ¢ COOCHO pacmno-
NoXeHHbIMK Tpy6amu. OgHMM U3 peLleHnn aaH-
HOW 3ajaudn ABNSAETCH uccrnegoBaHue BIUMSHUSA
KOHCTPYKTMBHbIX ~ MapameTpoB Ha  paboTty
ycTpoucTaa.

B cBSA3M ¢ 9TMM Uenblo gaHHOW paboTbl siB-
ngeTcs YNCIEeHHOoe NccrneaoBaHne BUSHUA yrna
PacKpbITMA NPSAMOYronbHbIX LWenen Ha addek-
TUBHOCTb M TMAPaBNUYECKOE CONPOTUBREHUE
cenapaTtopa C COOCHO pacrofioXeHHbIMU Tpy-
Bamn.

[na yucneHHoOro mogenMpoBaHWs UCNOSb-
30Barncs nporpamMmmHbelin komnnekc Ansys Fluent.
CnepBa 6Obina co3gaHa TBepAoTeNnbHas MoAenb
cenapaTtopa C COOCHO pPacrnofioXeHHbIMU Tpy-
Oamu, koTopas npeacTaBneHa Ha pucyHke 1.
Ha ocHoBe Hee co3gaBarcsi NPOTOYHbIA O0bEM,
KOTOpbIN pa3buBanca Ha MonuMagpuyeckue ane-
MeHTbl. [[eomeTpuyeckne pasmepbl TpEXMEPHON
MOOEeNn: BHYTPEHHUA W BHEWHWA AnameTp
BHewWHen Tpybbl — 82 n 90 MM COOTBETCTBEHHO,
BHYTPEHHUN W BHELHWA AMaMeTp BHYTPEHHEN
Tpybbl — 50 1 57 MM COOTBETCTBEHHO, AMAMETP
KpYrnbiX OTBEPCTUN 2 B nnactuHe — 11 mMm, Bbl-
coTa NpSAMOYrofbHbIX wenen 3—15 MM, BbiCOTa
BHYTpPeHHeN TpyObl — 90 MM, rnybuHa norpyxe-
HUS1 BHYTPEHHEN TpyObl OTHOCUTEMbLHO BbIXOA-
HbIX oTBepcTMn 2—-30 MM, o0LWaa AnuHa BHYT-
peHHen Tpyobl — 90 MM (puc. 1).

Mpn yncneHHomM MoaenupoBaHWW pacyeT-
Hasa ceTka cocTtosna u3 1 mnH aveek. Cnegyet
OTMETUTb, YTO NMpK 2 N 4 MIH A4YeeK pe3ynbTaThbl
He nameHsinucb. B xopme pacuyeToB 3agjaBanuch
HavanbHble U rpaHUYHbIE ycnosus. Ha Bxoae B
YCTPOWCTBO 3ajaBanacb BXOA4HAsi CKOPOCTb ra-
30BOro NOTOKa, KOTOpas BapbupoBanack oT 3 Ao
10 m/c, n maccoBbln pacxog 4actuy, — 5 r/c.
MnotHocTb 4acTtuy m3ameHsinacb ot 1000 po
3000 kr/m3. AnameTp YacTul BapbupoBancs oT 1
no 15 mkm. Ha Bbixoge n3 cenapartopa 3agaBa-
nocbs arMmocdepHoe [AaBrieHne pi, pasBHoe
101 325 Ma.

lMepBOHa4YanbHO KOHCTPYKTMBHbIE pa3Mepbl
cenapaTopa C COOCHO pacrofioXeHHbIMU TpY-
Oamn 6bINM paccuynTaHbl NO METOAMKE, KOoTopas
npeactaeneHa B pabote [17]. Bbino ycraHoBne-
HO, YTO Ans co3gaHnsa 18 ynopsgoYeHHbIX BUX-
peri Heobxooumo 9 NPSIMOYronbHbIX LUenen C
Yyrnom packpbITus Kaxaown, paBHbiM 20 °. OgHa-
KO OJaHHas pacyeTHast MeToAuka He Obina nog-
TBEPXKAEeHa YUCMEHHBIMU UK PU3NYECKUMU
akcnepumMmeHTamu. BecneacTteme atoro B JaHHOM
nuccneaoBaHMmM Yron packpbiTUA NPAMOYTofbHbIX
wenen 3 (puc. 1) nameHanca ot 16 oo 24 ° npu
MOCTOSAHHBLIX OCTanbHbIX KOHCTPYKTMBHBIX Mapa-
MeTpax Ansi OUEHKN TMOBEeOEeHUs BUXPEBOW

CTPYKTYpbl B MEXTPYOHOM npoCTpaHcTBe, ad-
deKTMBHOCTM cenapaumMu U rMApaBNYECKOro
COMPOTMBMEHNS.

o

<3

PucyHok 1 — TpexmepHas mogernb cenapartopa
C COOCHO PacnosioXeHHbIMKU Tpybamum:

1 — exo0HOe omeepcmue As1s1 nodayvu 3anbiieH-
HO20 romoka; 2 — 8bIX0OHbIE omeepcmusi
011 O4UWEHHO20 2a308020 0MOKa,;

3 — npsiMoy20ribHbIe wenu

Figure 1 - Three-dimensional model of a separa-
tor with coaxially arranged pipes: 1 - inlet for the
supply of dusty flow, 2 - outlet openings for the
purified gas flow, 3 - rectangular slots

OpdekTuBHOCTL cenapaumm 4actuy 13 ra-
30BOr0O MOTOKa B cerapaTope C COOCHO pacro-
noXeHHbIMK Tpybamu onpepensnace no dop-
myne:

E=1-k, )
n

rae Nk — KONM4ecTBO MENKOAMCNEPCHbIX YacTul,
KOTOpble MOKWUHYNW cenapaTop C rasom 4yepes
BbIXOAHbIE OTBepcTusa 2 (puc. 1); n — obuee ko-
NMYeCTBO MENKOAMNCNEPCHbIX YacTul, KoTopble
NocTynunu B cenapaTop.

CnepyeT OTMeTWUTb, YTO Ha CTeHKax 3aja-
Banocb ycrnosue npununaHvsa vactuy. BnunsHue
TBEepAblX MeJiKoaAnCnepcCHblX 4YacTuu Ha HecCy-
Lyt pasy B pacyeTax He ydnUTbIBanocs.

'MapaBnmMyeckoe COMPOTUBIEHWE cenapa-
TOpa paccynTbiBanoch no gopmyne (2):

Ap = P, — Pas (2
roe p1— AaBfeHne Ha BXode B cenapaTop C Co-
OCHO pacnonoXeHHbIMu Tpybamu, MNa (puc. 1).

Ons ygobcTBa OUEHKM MOBedeHus BUXpe-
BON CTPYKTYpbl B MEXTPYOHOM MpOCTpaHCTBE
ObINM Mony4YeHbl BEKTOPHbIE MONSA CKOPOCTEN B
MornepeyHoM CeveHun cenapatopa C COOCHO
pacnonoXeHHbIMU TpybGamu, KOTopble Obinun Bbl-
MOSHEHbI Ha MIOCKOCTW, pacronaratollencs no-
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cepeavHe NPSMOYrofibHbIX Liener npyu BXO4HOM
CKOPOCTM rasoBoro notoka 3 m/c (puc. 2).
PesynbTatbl nccnegoBaHuin nokasanu, 4To
Ha 3PdEKTMBHOCTL cenapauun 4actuy u3 3a-
MbIIEHHOIO ra3oBOro NOTOKa M Ha rmgpasnuye-
CKOe COMpoTMBIIEHME cenapaTopa C COOCHO
pacnonoXeHHbIMU Tpybamu BnusieT yrom pac-
KPbITUSI MPSAMOYTOJIbHbIX LLENen d, YTO Bbl3BaHO
N3MEeHEHNeM NoBeAEeHNs BUXPEBON CTPYKTYpbl B

Me)Kpr6HOM npocTpaHCTBE yCTpOVl-
cTBa (pwuc. 2).
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PucyHok 2 — BekTopHO€E none ckopocTen
B NOMEepeYyHOM CevyeHunn cenapaTopa ¢ COOCHO
pacnonoXeHHbIMU TpybamMu Npu pasnuyHoM
yrrie packpbITUs NPSAMOYrofbHbIX LWenen a:
1-16°2-20°3-24°

Figure 2 - Vector velocity field in the cross
section of a separator with coaxially arranged
pipes at different angles of opening of rectan-

gular slots a: 1 - 16°, 2 - 20°, 3 - 24°
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Hanbonee ynopsgoyeHHaa  CTpykTypa
HabngaeTca npu  yrne packpbiTua NpsiMo-
yronbHbIX LWenen a, pasHeiM 16 n 20 °. lpwu
yBenuueHuu yrna a oo 24 ° suxpesas CTpykTypa
CTAHOBUTCH HECTabWNBbHOW, T.K. B HEKOTOPbIX
obnacTsax cocefHWe BUXPWU paspyLlawT apyr
Apyra B TOYKax KOHTaKTa, YTO NMPUBOAUT K MOSIB-
MNEHUI0 30H, B KOTOPbIX MOTOKMA XaOTWYHbI, YTO
NPUBOOUT K CHWXEHUIO 3hEKTUBHOCTU. Takke
ObINO YCTaAHOBMEHO, YTO NO Mepe YBENUYeHus
yrna packpbiTus NPAMOYrofbHbIX Lenen a oT 16
00 24 ° cHWXKaeTCca MakcumarnbHasi CKOPOCTb B
paccmaTtpuBaemMbIx ceveHusax cenapaTopa ot 11
no 7 wm/c (puc. 2). lMpu atom adpeKkTMBHOCTL
cenapauum MenkoaMcnepcHbIX YacTuy U3 3anbl-
neHHon cpeabl pasmepom ot 1 go 10 Mkm B ce-
napatope coctasnseTt B cpegHem 30,5, 40,3 n
23,3 % npw yrne packpbITUsi NPSMOYTOfbHbIX LLie-
nen a 16, 20 n 24 ° cooTBeTCTBEHHO (pu1C. 3). JTO
CBMAETENLCTBYET O TOM, 4YTO Npu Bornee ynopsgo-
YEHHOW BUXPEBOW CTPYKTYpE OOCTUraeTca MaKcu-
ManbHas aPeKTBHOCTb cenapaumu, T. K. Typby-
NEHTHOCTb ra3a ceefdeHa K MuHumymy. [Npu pas-
Mepe yacTtuy 6onee 10 mkm HabniogaeTcsa Bbl-
cokas acpbdekTnBHoCTbL nNpu nbom yrne pac-
KPbITUSA NPSAMOYrOMbHbIX LLENen a.

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0 T
13 a, MKM

PucyHok 3 — 3aBucumocTb ahdPeKTBHOCTH
cenapaTopa C COOCHO PacnosioKeHHbIMN
Tpybamu oT AMameTpa YacTuw, Npy pasnm4yHoOM
yIIie packpbITUSA NPSAMOYTObHbIX LLEnen a:
1-16° 2 —20° 3 — 24°. BxogHasi CKOPOCTb ra3o-
Boro notoka 3 Mm/c. MNMnotHocTb YacTtuy, 1000 Kr/m3

Figure 3 - Dependence of the efficiency of a
separator with coaxially arranged pipes on the
diameter of particles at different angles of
opening of rectangular slits a: 1 - 16°, 2 - 20°,
3 - 24°. The inlet velocity of the gas flow is 3 m/s.
Particle density 1000 kg/m?
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Mpn yrmea=16° <Cc oQHOW CTOPOHHI,
HabnOaTCA Kak CTPYKTYPUPOBaHHbIE BUXPW,
Tak U OTHOCUTENbHO BbICOKas CKOPOCTb, NPUBO-
aswas Kk 6onee BbICOKON LIEHTPOOEXHOW cune; ¢
APYron CTOpOHbI, 06racTb Mexay MpsMoyrosb-
HbIMW LUENAMU YBENUYMBAETCH OTHOCUTENbHO
a = 20 °, 4yTo NPMBOAUT K YBENNYEHUIO AnameTpa
BMXPEWN, T.€. LeHTPOOEeXHasi cuna yMeHbLIaeTcs.
Mo-Bugumomy, ueHTpobexHasd cuna npu yrne
packpbITMsi NMPSIMOYrofbHbIX LWenen a = 16° B
COBOKYMHOCTU BCEX (DaKTOPOB HMXKE, YeM npwu
a =20 ° Takke npun a =16 ° Habniogaetca me-
Hee paBHOMEpPHOE pacnpegeneHve noToka npwu
BbIXoAe W3 LienenW OTHocuTenbHo a =20 °.
B wactHocTn, npu a = 20 ° 6onblias 4acTb NOTo-
Ka npu BbIXo4e W3 Lernen cpasy pacnpeaenseT-
cs B 30HYy 3aBuxpeHun. lNpu a =16 ° 6onblias
YacTb MOTOKa YNUPaeTCAa BO BHYTPEHHIOW LM-
NVHOPUYECKYI0 CTEHKY BHELUHEN TpyObl U Aanee
pacnpenenseTca no 3o0HaM 3aBUXPEHUR, Bcnea-
CTBME Yero MOryT BO3HWKaTb AOMNOSHUTENbHbIE
oyarn TypOyneHTHOCTM, MPUBOASALLUNE K CHUXE-
HMIO 3P EKTUBHOCTM cenapaumm (puc. 2).

Mpn atom, ecnu paccmatpuBaTbh U3MEHe-
HUe rMApaBMMYECKOro COMPOTUMBIIEHUSA cenapa-
TOpa C COOCHO PacnonOXeHHbIMU Tpybamu npwu
pPasnUYyHOM yrrne packpbiTUS NPAMOYroSibHbIX
wenen a, To pesynbTaTtbl O6onee oyeBUAOHbIE:
yBenuyeHne yrna a ot 16 go 24 ° npuBoauT K
YMeHbLUEHMIO NoTepu aasnexHns Ap (puc. 6). 3to
0o0ycrnoBneHo TeM, YTO MpU YBENWYEHUM NPO-
XOOHOro ceveHus Ans rasoBoro fMoToka conpo-
TUBIEHUE CHUXKAEeTCS.

Beugy Toro, 4to makcumarnbHaa addek-
TMBHOCTb Oblnia onpegeneHa y cenapartopa C
COOCHO pacnosioXeHHbIMU Tpybamu € yrnom
a =20 ° 6bnn uccnegoBaHbl NpU SAHHOM KOH-
CTPYKTMBHOM OCOOPMITEHUN YCTPOMCTBA 3aBUCK-
MOCTU 3PPEKTUBHOCTM cenapauumn oT BXOAHOM
CKOpoCTM rasa (puc. 4) U OT NAOTHOCTU MenKo-
ancnepcHelx vactuy (puc. 5). B xoge nposepge-
HWUS1 nccnegoBaHnii BbiNo yCTaHOBMEHO, YTO MpU
yBermyeHn BXOAHOW CKOPOCTU ra3oBoro noToka
a(pheKkTUBHOCTL cemnapaTopa C COOCHO pacho-
NoXeHHbIMK Tpybamu BO3pacTaeT, T.K. gocTura-
t0TCA ©onee BbICOKME 3HAYEHUSA LEHTPOBEXHBIX
cun (puc. 4).

C yBenuMyeHnem nnOTHOCTM MenKoauc-
NepcHbIX YacTuy Takke Bo3pacTaeT apdeKTuB-
HOCTb cenapartopa, T.K. Hanbonee Tsxenble 4a-
CTMUbI Nnerde nogaatoTcsl BbIOMBAHUIO U3 3aBUX-
peHHoro noToka (puc. 5).

AHann3 BEKTOPHbIX NOnen CKOPOCTEN Noka-
3an, YTo Npu yrne packpbITUS MNPAMOYrofbHbIX
wenen a, paeHbiM 16, 20 n 24 °, ckopocTb ABK-
XXEeHUsa 3anblfeHHbI cpeabl nsameHsietcsa go 11,
8 n 7 m/c cooTBETCTBEHHO (pUC. 2).

O T T T T T T T

1 3 5 7 9 11 13 a, MKm

PucyHok 4 — 3aBncumMocTb 3 EKTUBHOCTH
cenapaTopa C COOCHO PacnosioXeHHbIMN
Tpybamu OT guameTpa YacTuy Npu pasnmyHon
BXOOHOW CKOpOCTHM rasa, m/c: 1-3, 2—7, 3-10.
Yron packpbiTusa NpAMOyronbHbIX Wwenen 20 °.
MnoTHocTb YacTtu, 1000 Kr/m3

Figure 4 - Dependence of the efficiency of a
separator with coaxially arranged pipes on the
diameter of particles at different gas inlet veloci-
ty, m/s: 1-3, 2-7, 3-10. The angle of opening
of rectangular slits is 20°.
Particledensity 1000 kg/m?3

OddekTnBHOCTE cenapatopa C COOCHO
pacnonoXxeHHbiMn Tpybamu caeiwe 99 % foctu-
raeTca npu AmameTtpe vactuy 6onee 9, 10 un
12 MKM npu yrne packpbiTUs MNPSAMOYrOSbHbIX
wenewn a, paeHbiM 16, 20 n 24 ° coOTBETCTBEH-
Ho. Mpu atom acpdekTnBHOCTL Hke 10 % Bbina
onpegeneHa ona gnameTtpa vacTtuy mMeHee 8, 4
M 6 MKM Npu yrrne packpbiTUs NPSMOYrofibHbIX
wenewn a, pasHbiM 16, 20 n 24 ° coOTBETCTBEH-
Ho. CnegyeT OTMETUTb, YTO MpU yrre d, PaBHbIM
16 ° npn guameTtpe 4vacTuy, 7 MKM, adpdeKTmB-
HOCTb pe3ko Bo3pacTaeT ¢ 8,9 % o 87,8 %. Ta-
Kasi KOHCTPYKLMUSI MOXET MPUMEHSITbCS B Kade-
CTBe cenaparopa — knaccudmumkartopa (puc. 3).

OdpeKkTMBHOCTL cenapaTopa C COOCHO
pacnonoxeHHbiMn Tpybamu cabiwe 99 % goctu-
raeTca npu guvameTtpe 4acTtuy Gonee 9, 5 un
4 MKM Mpu BXOLHOW CKOPOCTU ra3oBOro rnoToka
3, 7 n 10 m/c cooTBeTCcTBEHHO. [lpn BXOAHON
CKOpOCTM rasoBoro noTtoka 3 M/c adpdekTms-
HocTb cocTaBndeT okono 10 % Ans guanasoHa
pasmepoB 4vactuy ot 1 go 5 mkm. MNMpu BXoaHoOM
ckopocTu rasoBoro notoka 7 n 10 M/C MUHK-
ManbHasa adpeKTMBHOCTb cocTaBnseT He bonee
27 % Ang yacTtuy, pasmepom 40 2 MKM (puc. 3).
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1 3 5 7 9 11 13 a, MKM

PucyHok 5 — 3aBucnmoctb ahpekTMBHOCTH
cernapatopa C COOCHO pacrnofoXeHHbIMU
Tpybamu oT AnameTpa YacTuy Npu pasnmuyHom
NIIOTHOCTU YacTuu, Kr/m3: 1 — 1000, 2 — 2000,
3 —3000. Yron packpbITusi NPSAMOYroSibHbIX
wenen 20 °. BxogHasi ckopocTb rasa 3 m/c

Figure 5 - Dependence of the efficiency of a
separator with coaxially arranged tubes on the
particle diameter at different particle
densities, kg/m?3:; 1 - 1000, 2 - 2000, 3 - 3000.
The opening angle of the rectangular panels is
20°. Gas inlet velocity 3 m/s
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PucyHok 6 — 3aBucuMMOCTb NOTepU AaBrieHns
B cenapaTtope C COOCHO pacronoXeHHbIMU
Tpy6amMmn OT BXOAHOM CKOPOCTM ra3oBoro noToka
npy pas3nuyHOM Yrrie pacKpbITUS NPSIMOYTONbHbIX
wenen a: 1- 16 °%2—-20°, 3 -24°
Figure 6 - Dependence of pressure loss in a
separator with coaxially arranged tubes on the
inlet velocity of the gas flow at different opening
angles of rectangular slots a: 1-16°, 2-20°, 3-24°
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Takum obpasom, agpheKTMBHOCTL cenapa-
TOpa C COOCHO pacrnonoXeHHbiMM TpyHamu
cebiwe 99 % pocTuraeTcsa npuv guameTpe 4a-
ctuy 6onee 10, 6 n 5 MKM nNpu uX NIOTHOCTH,
paBHoi 1000, 2000 1 3000 kr/m3 cOOTBETCTBEH-
HO. MOXXHO OTMETUTb, YTO Hanbonee HarnsAgHbIN
pocT adhcpekTMBHOCTM ObINT onpeaeneH anst ana-
nasoHa pasmepoB 4Yactuy 4-9, 3—7 n 3-5 MKM
npu wux nnotHoctn, pasHon 1000, 2000 wn
3000 kr/m3 cooTBeTcTBEHHO. [Mpu aTom Ans ya-
CTUL, MeHbLUNX pa3MepoB 3(pPEKTUBHOCTb Npak-
TUYECKN HE M3MEHsNacb M COCTaBnsina OKOSlo
10 % (pwuc. 5).

C yBenuyeHvemM BXOOHOW CKOPOCTW ra3oBo-
ro notoka ot 3 go 10 m/c noTepn OgaBneHus B
cenapaTtope C COOCHO pacrofoXeHHbIMU TpYy-
©amu Bo3pacTaloT B gnanasoHe 55-625, 37-419
n 25-290 Na npu yrne packpbiTUa NPSMOYrosb-
HbIX Wernen a, paBHbIM 16, 20 u 24 ° cooTBeT-
CTBEHHO (puc. 6).

[MpoBeneHHble uMccnegoBaHUA  nokasanw,
YTO nNOBEAEHWE BUXPEBOW  CTPYKTYpbl B
MeXTpyObHOM npoCTpaHCTBE cenapaTopa C Co-
OCHO PacnosiOXEeHHbIMK TpybamuM BO MHOIOM
onpegenseTt creneHb 3EEKTMBHOCTN cenapa-
UMW MENKOAMUCMNEPCHBIX YacTuL, M3 3anblfieHHbIX
noTtokoB. B cBow oyepenp, Ha nosedeHNe BUX-
peBOW CTPYKTYpbl HEMOCPEACTBEHHLIM 0Opa3om
BNUSET Yron packpbliTUS MNPAMOYrofbHbIX Lie-
nen a. MNpu onTumanbHOM yrne a opmmpyeTcs
CTPYKTypa BUXPEBOW CTPYKTYpbl, 6nnskon kK nge-
anbHOW, T.e. BO3HWKHOBEHME OTpuLaTerbHbIX
(haKTOpOB CBEAEHO K MUHUMYMY: CO34aHNe Xao-
TUYECKNX BOCXOOALLIMX MOTOKOB, CYLLECTBEHHOE
CMeLLeHMe BMXPEN U Ap., YTO MOXET MPMBECTU K
CHWKEHUIo appeKkTnBHOCTHU cenaparopa.
Hanbonee adpdektnBHbIn yron a =20. MoxHo
OTMETUTb, YTO nNpuUBEAEHHAs MeToaumka Mo
onpefeneHnto  KOHCTPYKTMBHBIX — MapamMeTpoB
cenapartopa, koTopasi ynoMvHanacb Bbille, Mo3-
BONsieT onpedenaTe Hanbonee 3adPeKTUBHbIE
napameTpbl, YTO NOATBEPXAEHO AaHHbIMWU UC-
cnegoBaHUAMM.

B panbHenwunx uccrnefoBaHWsX nnaHupy-
€TCA paccMOTpPeTb M3MEHEHUe MOBEAEHUs BUX-
pPEeBON CTPYKTYpbl B MEXTPYOHOM NpocTpaHcTBe
cenapaTopa C COOCHO PacrofOXeHHbIMU Tpy-
©amMu Npu M3MEHEHUN BbICOTbl BHYTPEHHEN TpY-
Obl 1 BbICOTbI NPSAMOYTOSbHbIX wWenen. Mpu aTom
Yrof packpbITUS MPSMOYronbHbIX Lenen a 0y-
neT npuHmMmMmaTtbes paBHbim 20 °.

Ha ocHoBe npoBegeHHON paboTbl MOXHO
caenaTtb cnefyoLlne BbIBOAbI:

1. CTpyKTypupOBaHHOCTb  BUXpehn B
MEXTPYOHOM NpOCTpPaHCTBE oOnpeaensier cre-
neHb 3MdEKTUBHOCTM cenapaTopa C COOCHO
pacnonoXeHHbIMK Tpybamu;
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2. lMpn yrne packpbITUa NPAMOYroSibHbIX
wenen a=20 ° pgocturaeTca MakcumarnbHas
a(pbpeKkTBHOCTL cenapauum MenkoamcnepCHbIX
yacTuy, pasmepom 0o 10 MKM K3 3anblfieHHOro
noToka, paBHas B cpegHeM 40,3 %;

3. lMpu cenapaumn MenKoAUCMNEPCHbIX 4a-
cTuy pasmepom 6onee 10 MkM 3¢pPEKTUBHOCTb
cenapatopa 6nmska k 100 % npu nwbom yrne
pPacKpbITUS MPSAMOYIOfbHbIX LWEeNnewn a;

4. 3dheKkTMBHOCTL cenapaumm Menkoamc-
NepCHbIX YacTuy, M3 3anblIfIEHHOro MnoToka yBe-
nnymMBaeTCHa Npu PocTe BXOOHOW CKOPOCTU rasa
W NAOTHOCTM YacTuu, T.K. OHW ferye NoAdalTCH
BbIGMBaAHNIO N3 3aBUXPEHHOIO rasa;

5. MNoTepn paBneHus B cenapaTtope C CO-
OCHO pacronoXeHHbIMU Tpybamu cocTaBnsoT
He Gonee 626 Na npu BXOAHOW CKOPOCTWU raso-
Boro notoka go 10 m/c.
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