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Peziome: AKTYAJIIBHOCTH uccnedosanus onpedensiemcs mem, UMO GePMUKAIbHbIE
KOHuyeckue oupghy3opsl ucnoab3ylomes 6 Kavecmee 6CHOMO2AMeNbHbIX annapamos 60 MHOUX
MEXHUYECKUX NPUTLONCEHUSX 6 PA3TUYHLIX OMPACHSX (XUMUYECKAS NPOMBIUIEHHOCD,
9HepeemuiecKoe MauuHocCmpoenue, mexrHoao2uveckue ycmpoticmea u m.o.). LJEJIb. Oyenumo
eIUsAHUe cnocoba (KOHCMpPYKyuu) noogooa 6030yxd, @Oopmbl HONEPEeUHO20 CeHeHUs
NO0BOOAWUX KAHALO8 U CONIOGLIX MPYOOK HA 2A300UHAMUYECKYIO CMPYKMYpPY HOMOKA 8
8epmMuKaibHOM Oupyszope 0ns pazuvix pacxoonvix xapaxkmepucmux. METO/[bl. Cmpykmypa
(pacnpedenenue) nROmMoOKa GHYMpU GePMUKAIbHO20 Oup@yzopa npu nooaue 6030yxa ¢
HOMOWBIO PA3HBIX KOHCMPYKYUL NOOB0O0SUUX KAHALO8 U3YUANOCL HA IKCHEPUMEHMATbHOM
cmende. Ha ocnose memooda mennoguszyanusupyioweli cbemMKi U3yuaiacs Cmpykmypa nomoxda
8 GepmuKaibHoM ouggyzope. B Oannom ucciedosanuu u3y4aiocb 08a cnocoba noosooa
6030yXa 6 GEPMUKANbHLIL OUP@Y30p: N00600 6030yXa uepe3 OOUH NPSMOJUHEUHbIL KAHA
CHU3Y U Cconnogasi nooava 6030yxa uepe3 uemovipe mpyoku. Kananer u conia umenu
nonepeunvie ceuenusi ¢ gopme Kpyea, keaopama u mpeyeonvhuka. Coomeemcmeenno, 6vlio
UBYUEHO GAUAHUE WeCmU KOHCMPYKYUL no0e00d 6030yXa 6 GepmuKalbhblll Ouddysop u ux
eausHUe Ha 2a3o0unamudeckyio cmpykmypy mevenus. PE3YJIBTATHI. Onvimel nposoounucsy
npu CMAayuoHapHoM pescume meyenus 6030yxa 8 oug@ysope 011 pacxooos gozoyxa om 0,015
00 0,06 x%/c. Yucro Peiinonvdca ons nomoxa 6030yXa HA BbIX00e U3 N00BOOAUE20 KAHANA
Haxoounoco 6 ouanasone om 42500 oo 150000. Ilonyuenvt mepmocpammvl CMPYKMYpbl
NOMOKA 6 6epPMUKAIbHOM OU@y3ope npu pasuvix cnocobax nooayu 6030yxa Osi PA3HLIX
pacxoonvix xapaxmepucmux. 3AKJIFOYEHUE. Ocobennocmu cmpykmypbl HOMOKA 8
B8EPMUKATILHOM OUP@y30pe npu MmpaouyuoHHOM NO0800e B030YXA CHU3Y Yepe3 00UH KAHAT
3aKAIOYAIOMCSL 8 POPMUPOBAHUU SAPKO GbIPANCEHHO20 YEHMPATbHO20 medeHUus: 6030yXa 800.b
8epMUKAILHOU Ocu Oug@y3opa npu ucnoav3osanue ecex xougueypayuil xauwana. IHpu smom
Gopma nonepeunozo ceuenusi n00GOOsIUE20 KAHALA OKA3IGAEM CYWECNEEHHOE GIUHUE HA
CIMpYKmypy nomoxa 8 KoHuueckom ouggyzope. Ocobennocmu cmpykmypvl NOMoOKd 8
8epMUKATLHOM  Ougpdhy3ope npu coniogol nooawe 6030yxa uepe3 uemvipe mpYOKuU
3AKAIOYAIOMCSL 8 OMCYMCMEUU 3ACMOHBIX 30H U YEHMPATbHOM MEYeHUU 8030YXA 6001b OCU.
Ilpu smom ucnoav3osamnue K8AOPAMHOU U MpPey2OIbHOU CONJIOBLIX MPYOOK NPUEOOUmM K boee
PABHOMEPHOMY — DACNPeOeNeHUl0 NOMOKA 6030yXa NoO GCeMy 00beMy 8epmuKailbHO20

ouggysopa.

Kniouegvle cnosa: sepmuranvhviii Ougp@dy3op, 2a300unamuieckas CmpyKkmypa nomoxd, cnocoo
nooauu 6030yxa, NpoQUIUPOBAHHbIE KAHALbL, IKCNEPUMEHNL, MENT0BUIUOHHAS. OUACHOCIUKA.
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Abstract: RELEVANCE of the study is determined by the fact that vertical conical diffusers are
used as auxiliary devices in many technical applications in various industries (chemical
industry, power engineering, technological devices, etc.). THE PURPOSE. The influence of the
method (design) of air supply, the cross-sectional shape of the supply channels and nozzle tubes
on the gas-dynamic structure of the flow in a vertical diffuser for different flow characteristics
was assessed. METHODS. The structure (distribution) of the flow inside a vertical diffuser for
supplying air using different designs of supply channels was studied on an experimental bench.
Based on the thermal imaging method, the flow structure in a vertical diffuser was studied. In
this study, two methods of supplying air to a vertical diffuser were studied: supplying air
through one straight channel from the bottom and nozzle supplying air through four tubes. The
channels and nozzles had cross sections in the shape of a circle, square and triangle.
Accordingly, the influence of six air supply designs into a vertical diffuser and their influence on
the gas-dynamic flow structure were studied. RESULTS. The experiments were carried out
under stationary air flow conditions in the diffuser for air flow rates from 0.015 to 0.06 m%/s.
The Reynolds number for the air flow at the outlet of the supply channel was in the range from
42500 to 150000. Thermograms of the flow structure in a vertical diffuser were obtained for
different methods of air supply for different flow characteristics. CONCLUSION. Features of
the flow structure in a vertical diffuser with traditional air supply from below through one
channel consist in the formation of a pronounced central air flow along the vertical axis of the
diffuser when using all channel configurations. In this case, the cross-sectional shape of the
supply channel has a significant impact on the flow structure in the conical diffuser. Features of
the flow structure in a vertical diffuser with nozzle air supply through four tubes are the absence
of stagnant zones and a central air flow along the axis. At the same time, the use of square and
triangular nozzle tubes leads to a more uniform distribution of air flow throughout the entire
volume of the vertical diffuser.

Keywords: vertical diffuser, gas-dynamic flow structure, air supply method, profiled channels,
experiment, thermal imaging diagnostics.
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Beseoenue (Introduction)

UzBectHO, 4TOo KoHMueckue auddysopsr (KJI) Toi mim WHON KOHCTPYKIMH HIMPOKO
NPUMEHSIOTCS B Pa3IMYHBIX TEXHUYECKHUX, TEXHOJOTHYECKUX, XUMUYECKUX, HAYYHBIX M JIPYTrUX
npoueccax [1]. ['a3oanHaMuyeckoe COBEpIIEHCTBO TeUeHHs Bo3ayxa WiH skunkoctd B KJI Bo
MHOTOM ompeaenseT 3(PQEeKTUBHOCTh MPOIECCOB B MalllMHE, alIapare WIA KakoM-JIM0o
yerpoiictBe [1]. [losToMy wu3ydeHHMe Tra3oJMHAMHKH HOTOKOB B KOHHMYECKOM anddysope H
pa3paboTka METO/IOB YIIPaBJICHHs CTPYKTYPOil MOTOKOB B K/l SBJISIOTCS aKTyaJIbHBIMU 3aauaMH
JUISL pa3BUTHUS HAYKH, TEXHUKH U TEXHOJIOTHA.

Hwxe mnpeacraBieHbl COBPEMEHHBIE pE3yJbTaThl JIPYrMX aBTOPOB 00 HCCIIETOBaHUAX
¢usnueckux npoueccoB B Auddy3opax U NaHHbIE O NPUKIAAHBIX acrekTax npuMmeHenus KJI B
Pa3IMYHBIX OTPACISIX MPOMBIIIICHHOCTH.

CymiecTByeT OOJbLIOE KOJMYECTBO PabOT MO CO3JaHUIO MOAENEH U ajJrOpUTMOB IS
MPOTHO3UPOBaHMs Ta30JAMHAMUYECKHX XapaKTepUCTUKaX B KoHHMYecKkuX auddysopax mpu
pa3IMYHBIX HayaldbHBIX ycaoBusx [2-5]. Tak, Ferrari A. momy4un opUrHHAIbHBIC AHATHTHYCCKUC
YpaBHEHUs. ISl OJHOMEPHOTO CTAallMOHAPHOTO TEYCHHs B KOHHUYeckoM auddysope [2].
[pensoxeHHbIE PELICHHS IOMONHIIOT U PACIIUPSIOT TEOPETHYECKUE 3HAHUS O Ta30BOW AWHAMUKE
B KJI. Novkovi¢ D.M. ¢ komreramMu B CHEIHATH3HPOBAHHOM MPOTPAMMHOM OO0CCIICUCHUH
pa3paboTajii MaTeMaTH4ecKyl0 MOJENb JUIs HPOrHO3HUPOBAaHMsS IapaMeTpoB IOTOKOB Ta3a B
koHuueckoM auddysope ¢ yriom packpbitus 8° [3]. [IpeasiosxkeHHas MOJENb OTIINYAETCS BHICOKON
TOYHOCTBIO M CIOCOOHA IPOBOAUTH OLEHKY MapaMeTpoB JUIS JIByXMEPHOTO M TPEXMEPHOTO
teuennii. Teshnizi E.S. and Momeni F. mpoBenu y3koHanpaBIeHHOE HCCIIEI0BAHUE MO CO3IaHHIO
METOAMKH pacdeTa TypOyJIeHTHOTO MOTPaHNYHOTO CJIos B KoHImYeckoM auddysope [4]. [TonobHbIe
METOJIUKH MO3BOJISIIOT C BHICOKOW TOYHOCTb OINPEessiTh crieruduieckue xapakrepuctuku K1 ms
KOHKPETHBIX TpHIokeHHH. VEéras P. ¢ coaBTOpaMu co31aiu aBTOMAaTH3HPOBAHHBIN alNrOpUT™ IS
MPOTHO3UPOBaHKS T'a30JIMHAMUKY 3aKPYYE€HHOTO IOTOKa B KOHMYeckoM nuddy3ope Ha ocHOBe
TEXHOJIOTHH MAIIWHHOTO o0y4eHus [5]. Baxno, 9T0 pa3paboTaHHBIN aIropuT™M CHOCOOCH
onpezeniaT mapamerpbl motoka B KJI Juisi cTalMOHApHBIX W HECTAlMOHAPHBIX T'PaHMYHBIX
YCJIOBUSIX Ha BXOJIE.

CymiecTByI0T HCCIEOBaHHUS MO pa3pabOTKe CMOCOOOB YIpPaBIEHUS Ta30dMHAMHKON
MOTOKOB B KoHHueckux aupdyszopax [6, 7]. Tak, Tanasa C. u apyrue NpeuIOKUIA CIIOCOO
CIJIaXHMBaHHS Ta30JMHAMHYECKON HECTAlMOHAPHOCTH, CBSI3aHHON C 3aKPY4YEHHOCTBIO TOTOKA, B
KOHHYECKOM A dy30pe IOCPEACTBOM JPOCCEIMPOBAHUS TedeHUss Ha Bhixoge u3 KJ[ [6].
IIpenmymiecTBO JaHHOTO croco0a 3aKIIOYaeTcs B TOM, YTO THJIPABIMYECKOE COMPOTHUBIICHUE
BO3pacTaeT HE3HAYUTENBHO 10 CPaBHEHWIO C JPYTUMH TOJOOHBIMH MeTojgamu. Yang J. ¢
KoJUIeTaMH  pa3paboTanu crmocod ympamieHHss moTokoM B KJ[ mocpeacTBOM  KOJNBLIEBOTO
reHeparopa Buxpeil [7]. [IpumeHeHHE 3TOr0 MeToAa MO3BOJIMJIO TOJABUTH MAaCCHUBHBIN OTPHIB
MOTOKA B paclIMpUTeIbHON cekiun nuddy3opa u B 30He HUXKE MO MOTOKY, a TAKIKE TMOBBICHTH
a¢dekTuBHOCTh BoccTaHOBieHHs naBieHus B KJ[. Taxxke cymecTBylOT HCCISIOBAHUSA IO
pa3paboTke pa3TUYHBIX KOHCTPYKTHBHBIX D3JIEMEHTOB B nuddy3ope ans obecrmeueHus Oolee
paBHOMEpHOTO TeueHus: Bmoyb Beed mmuabl KT [8, 9]. Hampumep, Shukri E.S. ycranasmusan
BUHTOBYIO JICHTOYHYIO WIH CHHPATbHO-BUHTOBYIO BCTAaBKM Ha BHYTPEHHEH ITOBEPXHOCTH
KoHHYeCcKoro auddysopa mas BeIpaBHUBaHHUS MO ckopocrteit [8, 9]. UuciaeHHOE HCCIIeq0BaHUE
MOKa3aJI0 3HAYUTEINBHBIN 3PQPEKT B yIydIIEHHH PAaBHOMEPHOCTH PACIpENeIeHUs] CKOPOCTH IO
BceMy o0beMy muddysopa mo cpaBaenuto ¢ KJI 6e3 Takux BCTaBOK.
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OnHako, W3BECTHO, 4YTO JIOOBIE CHOCOOBI Ta30JMHAMHYECKOI'0 COBEPIICHCTBOBAHMS
MpoLECcCOB B KOHMYECKUX U] dy30pax BEI3BIBAIOT TOT WM MHOH POCT THAPABIMYECKUX MOTEPH
[1]. ToaTomMy yd4eHBIe W CHEUMATUCTBHI MPOAOJDKAIOT pa3padaThiBaTh HOBBIE CHOCOOBI OLICHKH
W3MCHCHUN OCHOBHBIX mapamerpoB motoka B KJ[ [10, 11]. Tak, Mfon S.A. ¢ koieramu
MPE/IIOKWIT OPUTHHATIBHYIO METOJIMKY OLIEHKY KOd(h(HIUCHTa NaJeHUs JaBJICHUS B KOHUUYECKOM
muddyzope [10]. Gosteev Yu.A. u Apyrue co3iaid HOBYIO METOAMKY pacueTa Kod(QuimeHTa
noteps B KJI pasnudnsix koHCTpyKIwii [ 11].

CylIecTBYIOT pa3HOCTOPOHHHUE UCCIIEIOBAHMS I'a30IMHAMHUYECKHX 0COOEHHOCTEH CIIOMKHBIX
Te4eHull (3aKpydeHHbIC MOTOKH, CNUPAJIbHbIE BUXPH, BUXPEBBIE JXI'YTHl U T.A.) B KOHHYECKUX
muddy3opax ¥ UX BO3MOKHOE MPUMEHEHHE B Pa3IMUHBIX OTPACIsAX HAykKd U TexHuku [12-15].
Tak, Tsoy M. ¢ xoyuleramMu noapoOHO McciIenoBad (OPMUPOBAaHHUE M Pa3pyIICHHE CIIUPATBHBIX
BUXpel B KOHMUYECKHX IH(D(dy30pax C pasHBIMH yIrilaMH pacKpbiTus Konyca [12]. IlomoGuble
uccienoBanus npooawin Zhou X. ¢ Kojuleramu 1o OTHOIICHHMIO K BHXPEBBIM JKI'YyTaM U HUX
BIMSIHUEM Ha Xapaktepuctuku motoka B KJI [13]. Cremyer oTMETUTD, 9TO GONBIIOE KOTHIECTBO
ucciefoBatene ynenaseT BHUMAaHHUE H3YYCHHUIO 3aKpyUEHHBIX [IOTOKOB B KOHHYECKHX
muddy3opax pasHeix KoHOurypammid [14-15]. D10 00BICHIETCS TeM, YTO 3aKPyUYCHHBIC MOTOKH
CIOCOOCTBYIOT MHTEHCH(HKAIIMY TETUIOOOMEHa, YIy4lICHHIO TEPEeMELIMBAaHNUS PA3IMUHBIX Cpel U
pachpezieNieHHI0 MOTOoKa 1o BceMy oObemy nuddysopa. [Toaromy 3akpydenusie notoku B KJ|
MOBBIIAIOT 3(G(GEKTUBHOCTh PA3IMYHBIX YCTPOMCTB, MAIIMH W aIllaparoB, HCIOJIb3YIOIINX
KoHnueckne (@ y30pbl B CBOMX TEXHOJOIM4ecKux mpoueccax. Tak, Liu Z. ¢ coaBropamu
HCCIIEIOBAJIN YACTHYIO 3aJjayy O BIMSHUM yria packpbeitTug K/ Ha s1po BuXps 3aKpy4eHHOTO
MOTOKa C ToMolblo u3MmepurenbHoi PlV-cuctemsr [14]. Ili¢ D.B. ¢ komieramu usydanu
pacmpesieieHe CpeJHUX Tra30JAMHAMMYECKHX XapaKTePUCTHK 3aKpPy4€HHOTO IIOTOKa BIOJb
muddyszopa ¢ pasHeIMH yriamu packpbitus [15]. WccrnenoBanus mOATBEPAWIIN, YTO BBEACHUE
YMEPEHHOI 3aKpyTKHM IOTOKAa Ha BXOJAE CHMXKAET BEPOATHOCTh OTPHIBA B IIMPOKOYTOJBHBIX
KOHUYECKHX Auddy3opax.

Konnueckne nuddy3opsl IPUMEHSIOTCS B PAa3IUYHBIX TEXHHYECKUX M TEXHOJOTHYECKUX
ycrpoiicTBax. [Ipumepsl HEKOTOPBIX BO3MOXKHBIX chep npumeHenus K/ mpencraieHsl jpanee.
BepruxansHple KoHHUecKHe TUPQPY30pbI ABISIOTCS HEOTHEMJIEMOH YacThIO YCTPOWCTB JUIS
MOJIyYeHHs] CHHTE3-T'a3a U3 Pa3IMuHbIX yrIIepoaUcThIX MaTepuaiios [16, 17]. Konuueckue ydyacTku
Y4acTO BCTPEYAIOTCS B DJIEMEHTAaX KaMep CropaHusi ra3oBbix TypOuH wuiu ropenok [18]. K] ciyxar
JUIA OBbIeHUst ckopocTy BeTpa u KII/I (mocpencTBoM pekynepary 3HepTUH) BETPSIHBIX TYpOUH
[19]. Konwnueckue auddy30psl TakKe HCIOIB3YIOTCS Ha BBIXOJE TYpOWHBI, pa0OTaloNIed 1o
NpUHLMITY opranuyeckoro nukia Penkuna [20]. Konnueckue anddy3opsl akTHBHO MPUMEHSIOTCS
B TUAPOTYpOMHAX [UIsl TOBBILIEHUS NPOM3BoaUTENbHOCTH W 3 dextuBHOCTH [21]. Takke
CYIIECTBYIOT JpPYTHE TPHJIOKEHHUS JUII HWCHONB30BaHUSA Iu((y30pOB, a HMEHHO, TATOBBIH
nuddy3op anst Typoun [22], BoasiHo# Hacoc [23], ruapoknHeTHueckas Typouna [24] u apyrue.

Takum 06pa3oM, IPOBENCHHBIH 0030p JIUTEPATYPHI MMOKa3all, 4To:

- U3y4YeHHE Ta30JUHAMUYECKHX XapaKTePHCTHK B KOHMYECKOM an¢¢y3ope A pasHbIX
TPAaHUYHBIX YCIOBUH OCTAETCS aKTyaJbHOU 3aaueil B pa3BUTUU HAYyKH;

- pa3paboTKa crIocO0OB TIPOTHOZWPOBAHUS M YNPABJICHHUS CTPYKTypoil moToka B K]l Taxxke
SIBJIIETCS] BaXKHOW 3aJjauell [yl COBEPILIEHCTBOBAHMSI TEXHUUECKUX YCTPONCTB;

- KoHHM4eckne IU(GQPy30pbl IMHUPOKO PACIPOCTPAHEHBI MPAKTHYECKH BO BCEX OTPACIIX
HAYKHU U TEXHUKH.

Lenm gaHHOTO MCCIETOBAHNS MOYKHO COPMYINPOBATH CIETYIONIIM 00pa3oM:

- cO3/1aTh IKCIEPUMEHTAIBHBIA CTEHI M HAJaJuTh METOAWKY IPOBEACHHUS OIBITOB IS
UCCIIEJIOBAaHNS CTPYKTYypHl TIOTOKAa B BEPTHKAJIBHOM KOHHYECKOM au(dy3ope Ipu pasHBIX
croco0ax moIauu BO3IyXa;

- OLCHUTHh BIWSHHE TPAAWMIMOHHOIO IIOJBOJA BO3AyXa 4Uepe3 OJWH KaHAI M COIIOBOH
MOAA4YH Yepe3 YeThpe TPYOKHM B BEPTUKaIBHBIM Iu((dy30p Ha CTPYKTYpY IOTOKAa MPU Pa3HBIX
PacXomHBIX XapaKTEPUCTHKAX;
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- BBIIBUTH BIIMSHHE (DOPMBI MONEPEYHOrO CEUEHHs ITOJBOJSILETO KaHajda M COIUIOBBIX
TpyOOK Ha ra30AMHAMUYECKYIO CTPYKTYpPY NOTOKa B BEpTHUKaJIbLHOM Au(dy3ope.

Hayynast 3HauMMOCTh HCCIENOBaHHMS COCTOMT B TOM, 4YTO BIIEPBBIC IIOJyYEHBI
TEpPMOTPaMMBI CTPYKTYpBl TOTOKa B BEPTHKaJIbHOM KOHMYECKOM Au(dy3ope IpU pasiduHbIX
KOHCTPYKTOPCKHMX CHOCO0axX MojgayM BO3/AyXa M JJISl Pa3IMuHBIX PACXOIHBIX XapaKTepUCTHK, a
TaKKe YTOYHEHMH (HU3MYECKHX OCOOCHHOCTEW Ta30JMHAMHKH CTAllMOHAPHBIX IIOTOKOB B
muddyzope.

[IpakTHyeckas 3HaUUMOCTH MCCIIEAOBAHUS 3aKII0YaeTCs B pa3paboTKe peKOMEHIAUH /IS
YIpPaBJICHUS] Ta30JMHAMHYECKUMH XapaKTEPUCTHKaMH II0TOKa B BEPTHKAJIbHOM KOHHYECKOM
muddysope, a TakKe pacIIMpeHU 0a3bl 3HAaHUH O IOIX0/aX K NMPOEKTHpOoBaHUIO TU(dy30poB ¢
ONTUMAJILHON CTPYKTYpOH MOTOKA.

Mamepuanst u memoowvt (Materials and methods)

Pacripenenenue moroka BHYTpH BepTHKaibHOro aud¢ys3opa mnpHu mojgade BO3AyXa C
TMMOMOIIBIO PAa3HBIX KOHCprKHHﬁ MOABOAAIINMNX KaHAaJIOB HM3Yy4YaJlOChb Ha OJKCHEPHUMCHTAJILHOM
CTEH/ie, MOKAa3aHHOM Ha pUCYHKe 1. DKCIEepHMEHTaJbHBIA CTEH]| COCTOSJI M3 HarHETarolero
KOMITpeccopa (C BO3MOXKHOCTBIO M3MEHEHHUs pacxoja BO3IyXa ( uepe3 CHCTeMy B JMaIa3oHe OT
0,015 no 0,06 M%c), KaHambHOrO HarpeBaTeNs BO3AyXa (C BOSMOXKHOCTBIO YIPABICHHEM
TeMrepaTypoil HarpeBa Bosayxa a0 50-60 °C), moaBOASIIMX CHCTEM PpasHLIX KOH(UIypanuii
(KOHCTPYKIIMM TPEICTAaBICHBI HIDKE), a Takke IPO3payHoro BepTHKajdbHOro audoysopa
(reomeTpuYecKue pa3Mephl TAKKe JaHbl HIXKE) C CETKOM BHYTPH (pa3Mep si4eHKU CETKH COCTABIISIT
I1x]1 mm). Dra cerka ciuyxuia i (QuUKcanMu CTPYKTyphl IOTOKa C IOMOLIBIO MeEToja
TEIJIOBU3YyAIN3UpYOLIeld CheMKH. MeXay KOMIIPEeCCOpOM W KaHaJIbHBIM HarpeBaTeieM Obul
YCTaHOBJICH pe3epByap ¢ XOHCHKOMOOM Jijisi CTAaOMIM3aliy TeUeHuUs (Ha puc. | He MmoKa3aH).

OnbITHl TPOBOJIIINCH MPH CTAI[HIOHAPHOM PEKHME TEUEHHUS BO3JyXa B pacCMaTpUBaeMOU
CHUCTeMe JUIs pa3HBIX PacxoJ0B Bo3ayxa uepe3 cuctemy. Umcno Pelinonbaca Re mms moroka
BO3/yXa Ha BBIXO/JIE U3 MTOJIBOAAIIETO KaHaJla HaXOJWIOCh B Auamnas3oHe oT 42500 xo 150000.

Puc. 1. Tpexmepnast momenb skcrepumentanpHoro Fig. 1. Three-dimensional model of the experimental
CTeHIa Uil WCCleloBaHus cTpykTypel mortoka B  Stand for studying the flow structure in a vertical

BepTukansHoM auddysope: 1 — xommpeccop;, 2 — diffuser: 1 - compressor; 2 - channel heater; 3 -
KaHaJIbHBIA HArpeBarenb; 3 — momsoasmuil kanam, 4  supply channel; 4 - vertical diffuser; 5 - grid; 6 -
— BeprukaneHbii  quddyszop; 5 — cerka; 6 — thermal imager; 7 - heating level control unit; 8 - air
TerioBu3op; 7 — Omok ympaeienus yposaem flow control unit

HarpeBa; 8 — GJIOK yIpaBICHHS PACXOJ0M BO3ITyXa
*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.
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Meton  TemIOBH3yalnM3HPYIOLIEH CBEMKH, KOTOPBI HCIOIB30BAICS B  JAaHHOM
uccleIoBaHNH, Oonee moapoOHO omucaH B cratbe [25]. Ilpu mpoBeneHUM SKCIIEPUMEHTOB
M3MEPUTENILHOM 0a30ii CITy>KIIIO clienytolye 000pyaoBaHue:

- TeruoBu3zop (Mozenb Testo 8§90-2, ['epmaHmsi), ¢ MOMOIIBI0 KOTOPOTO OBLIH ITOJYYEHBI
TEpMOTpaMMBI pacrpelesieHus] IO0TOKa BHYTPH BepTukKanbHoro muddysopa (morpemHocTs
mmepenus + 0,2 °C);

- TepMOAaHEMOMETp TIOCTOSHHOM TemnepaTypbl (Mmogens HWpsuc TA-5.1, Poccus),
MOCPE/ICTBOM  KOTOPOTO OIpENeNsUICs pacxXoll BO3AyXa depe3 cucreMy (OTHOCHUTEIbHAs
CTaH/IapTHasl HEONPEeICHHOCTh n3MepeHus ( cocrasisa 5,1 %);

- TepMoOmapbl AN TEKYLIETO KOHTPOJS TeMIepaTypbl Ha Pa3HBIX Y4acTKaX CHCTEMBI
(oTHOCHTENBHASI CTAHJAPTHA HEONPECICHHOCTh U3MepeHus cocTasmsuia 1,5 %).

B naHHOM mccienoBaHMM M3y4ajoch J1Ba KOHCTPYKTOPCKHX CIOco0a IOJBOJA BO3AyXa B
BepTHKaJIBbHBIN 1uddy3op (puc. 2):

1) TpaguIIMOHHBIH c1IOCO0 MOJIBOJIA BO3AyXa Yepe3 MPAMOIMHEHHBIN KaHall CHU3Y (puc 2a);

2) comIoBas Ioaaya BO3LyXa 4epe3 YeThIpe TPYOKH, pacIoNokKeHHbIE 101 yrioM 45° (puc.
20).

OCHOBHBIE T'€OMETPUYECKHE pa3Mepbl uccieayemoro anddy3opa NpeACTaBICHb Ha
pucyHke 2. Taxke Ha PUCYHKE IMOKa3aHbl NMPHUHIMITUAJIBHBIE CXEMbl 00OMX KOHCTPYKTOPCKHX
Croco0O0B MO/IBOJIA BO3/IyXa.

a) 0)
82 $82
A ‘ Iy ‘ =
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o |
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I | 5y N \“f?°l o
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§ ‘¢3T2> =2 Bosayx * / g \\
T ‘ T \ \ﬁ; =T

Puc. 2. T'eomerpuueckue pa3mepsl wucciemyemoro Fig. 2. Geometric dimensions of the studied vertical
BepTukansHoro aubdysopa u cmocobsr momaunm  diffuser and methods of air supply: a - traditional air
BO3IyXa: a — TPaJAUIMOHHbIN MOBOJ Bo3ayxa cam3y  supply from below through the channel; b - nozzle
yepe3 KaHam;, 6 — coIUIoBas Momada Bo3myxa mon — air supply at an angle

YoM

*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.

B nmaHHOM wHcCileIOBaHUM JIONOJNHUTENBEHO HW3Y4ajoch BIHMSHHE (DOPMBI IIONEPEYHOTO
CEUeHHUs KaHajla ¥ COIUIOBBIX TPYOOK Ha ra30JMHaMHYECKyI0 CTPYKTYpYy HOTOKa B BEPTUKAILHOM
muddysope. M3BecTHO, 4TO B KBaJpaTHBIX M TPEYrOJIbHBIX KaHalaX BO3HMKAIOT YCTOMYMBEIC,
IOPOMAOJIBHBIE,  BHUXPEBbIE  CTPYKTYpbl,  OKAa3bIBAIOIIME  CYIIECTBEHHOE  BIMSHHME  Ha
ra3oIMHAMUYECKUE XapaKTEPUCTHKH MIOTOKA BO3ayxa [26].

CoOTBETCTBEHHO [UIsi TPAIMLMOHHOTO CHocoba IMoJBOJAa BO3/yXa HCIOJIb30BAINCH TPU
(hOpMBI TIOTIEPEYHOTO CEUEHHMSI: KPYT, KBaJpaT U PaBHOCTOPOHHUH TPEYrojbHUK, T€OMETPHUYECKUE
pa3Mepbl KOTOPBIX OKA3aHbI Ha PUCYHKE 3.
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Bosznyx Bosayx 031yX
Puc. 3. Dcku3bl KOHCTPYKIME moaBoasmmx kanainos — Fig. 3. Sketches of supply duct designs with different
¢ pasHeIMH (opMaMH TIONepeuHbIX cedyeHuil: a — shapes of cross-sections: a - circle; b - square; ¢ -
Kpyr; 6 — KBaJpar; B — TPEYTOIBHUK triangle

*Ucemounux: Cocmaegneno asmopamu Source: compiled by the author.

I'eomeTpuueckne pasMepsl MOABOSMINX KAaHAJIOB ONPEICISUINCH MCXOAS M3 PaBEHCTBA
SKBUBAJICHTHOTO THAPABIMYECKOTO TUaMeTpa A BceX KoH(Urypanuii (quamerp kpyra — 32 Mm,
CTOpOHa KBajpata — 32 MM, CTOpOHA TPEeyTroJbHUKA — 55 MM). [lnMHA MOABOAAIIETO KaHajia BO
BCEX CIIydasix cocTaBisiia okoio 100 Mm. Bee monBosme KaHaIbl HMEIH TEXHUYECKH TIIAAKYIO0
MOBEPXHOCTH (CPEIHSISI MIEPOXOBATOCTh PAaBHsIIACH 6,3 MKM).

OOmmit BUA Apyroro crnocoba moaBoia BO3ayxa B BEPTHKAIbHBIA 1U(G(Y30p ¢ MOMOIIBIO
COIUIOBBIX TPYOOK MOKa3aH Ha pucyHke 4a. Ha pucyHke 4b naHel reoMeTpHYecKHe pa3Mepsl
COIUTOBBIX TPYOOK C TONEPEYHBIMU CEUEHUSIMH PA3HOH (OPMBI.

I'eomeTpuueckue pasmMepsl MONEPEUHBIX CEYEHHH COIIOBBIX TPYOOK TaKKe ONpeersuTich
WCXOAsI W3 PaBEHCTBA AKBHBAJIEHTHOIO THAPABIMYECKOTO IMAMETpa JUIl BCEX KOH(UIyparui
(mmametp kpyra — 5 MM, CTOpOHA KBajJpaTa — 5 MM, CTOpOHa TpeyroyJbHuKa — 8,6 MM). OOmas
JUTMHA COTUIOBBIX TPYOOK BO BCeX Cirydasix cocTaBisuia okosio 100 mm. [nuHa y4acTKoB TpyOOK
KBaJIpaTHOM M TPEYrojbHOW (hopMaMH MONEepeyHoro cedeHus cocrasisui 60 MM. Bee comoBbie
TPpYOKM MMeJIN TEXHUUECKH TTIaIKyI0 IOBEPXHOCTH (CPEeHIsI IIEPOX0BATOCTh PaBHAIACH 6,3 MKM).
ComtoBble TpyOKH (4 MITYKM) YCTaHaBIMBAJIHCh CHMMETPHYHO B LWJIMHIPUYECKOE OCHOBaHHE
1o yriaoM 45° OTHOCHTENILHO BEPTHKAIBHOM OCH.

/ Bosmyx Bosnyx \ S
Puc. 4. O6wwmii Bux KoHCTpyKumH misi corioBoit  Fig. 4. General view of the design for nozzle air
nojayM Bo3ayxa B BepTHKanbHbIA muddysop (a) u  supply to a vertical diffuser (a) and geometric
reoMeTpuyeckue pasmepsl mnojarommx Tpybok ¢ dimensions of supply tubes with different cross-
pa3HBIMH ()OpMaMH HOMEPEIHOTro ceueHus (0) sectional shapes (b)
*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.
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Takum 00pa3oM, B MaHHOM HCCIICIOBAHHH H3Yy4YaloCh BIUSHHE LICCTH KOHCTPYKIMI
MO/IBOJIa BO3yXa B BEPTUKAIbHBINA AU(dY30p U UX BIUIHHE HAa ra30IHHAMUYECKYIO CTPYKTYPY C
MOMOII[BI0 METO/IA TEIIOBU3YaTU3HUPYIOLICH ChEMKH.

Pesynomamut (Results) Oocyacoenue (Discussions)

VYCTaHOBJIEHO, YTO TIOMEpeYyHOe NPOPUIMPOBAHUE TOJBOMASIICTO KaHalda OKa3blBaeT
CYIIECTBEHHOE BIIMSIHME Ha CTPYKTYpY IOTOKa B KOHMUYeckoM auddysope. Ha puc. 5 nokasana
CTPYKTypa I0TOKa B BepTHKaTbHOM quddysope npu pacxoae Bo3ayxa g = 0,018 m%/c mist kamanos
¢ pasHbiMi KoHpurypanusamu. Vcrnons30BaHnue KaHama ¢ Kpyrioi GopMoii MOMepeyHOro CeueHust
OPUBOIHUT K (POPMHUPOBAHHIO SIPKO BHIPAKEHHOTO LIECHTPAIBHOIO TCUCHHS (HACBHIIICHHBIH [BET Ha
TepMorpaMme) B BepTHKanbHOM uddysope (puc. 5a). [Ipu stom B yrmax nuddysopa TedeHue
BO3/lyxa (aKTHUECKH OTCYTCTByeT (Oeiple 00JacTH Ha TepMOrpamMMe), TO €CThb 00pa3yroTcs
3acToiiHble 30HBI. ClieMyeT OTMETHTh, YTO B BepxHeill wactu muddy3opa ABHKCHHE BO3AyXa
OCYIIIECTBIISICTCST IO BceMy oObeMy. [IpuMeHeHHe KaHama ¢ KBaapaTHOW (GopMoil mepedHoro
CeYCHHs BBI3BIBACT CYNICCTBEHHOE WM3MCHEHHE CTPYKTYPHl TIOTOKAa TI0 CPaBHEHHIO C
TPaJUIHOHHBIM KPYTJbIM KaHamoM (puc. 56). Ilpu HCOONB30BaHHM KBaJAPaTHOTO KaHala
OTCYTCTBYIOT 3aCTOMHBIC 30HBI B yriax muddysopa. OmHako, TakKe MOXKHO 3aMETHTh HalIHYHE
SIPKO BBIPKEHHOTO [ICHTPAJIBHOTO TCUCHHS BIOJb ocH Au(dy30pa (TEeMHO-OpaHKeBas 001acTh Ha
TepMorpamme). Vcrmonp30BaHie TPEYroNbHOTO KaHajt a s MoJavd Bo3ayxa B Hud(dy30p Takxke
OpUBOIUT (OPMUPOBAHHIO 3aCTOWHBIX 30H B yriax (puc. 5B). Ilpu 3ToM, TeUeHHE TO BBHICOTE
b dysopa sBisietcs 6ojee paBHOMEPHBIM ((DaKTHUECKH PABHOMEPHBIN IIBET TEPMOTPAMMBI) IO
CPaBHEHHIO C KPYTJIBIM U KBAJPATHBIM KaHAIAMH.

6)

-
Puc. 5. Tepmorpammsl cTpykTypel motoka B Fig. 5. Thermograms of the flow structure in a

BepTukaipHOM nuddysope npu monmade Bosayxa  Vvertical diffuser at air supply through channels with
4yepe3 KaHaibl ¢ pa3HeIMH (Gopmamu nomepeuynoro different cross-sectional shapes (flow rate through
ceuenns (pacxox uepes cucremy g = 0,018 m%/c): a—  the system q = 0.018 m3/s): a - circle; b - square; ¢ -
KpyT; 0 — KBagpar; B — TPEYTONBEHHUK triangle

*Ucemounux: Cocmaegneno asmopamu Source: compiled by the author.

Takue cyliecTBeHHbIE U3MEHEHHSI B CTPYKTYpE IIOTOKa B BEpTHKaJIbHOM Juddy3ope npu
WCIIOJIb30BAaHUN  MTPO(QHIMPOBAHHBIX MOABOMSIINX KAaHAJIOB MOXHO OOBSCHHTH BIHMSHHEM
NPOJOJIBHBIX BUXPEBBIX CTPYKTYp B YIJIaxX KBaJpaTHOTO M TPEYrojbHOro mpoduiei. B nannom
cilydae 3TH CTPYKTYpPBI CIIOCOOCTBYIOT Oojiee paBHOMEPHOMY pacIpeesIeHHUI0 ITOTOKa 10 BCEMY
o6bemy muddy3opa U NPensTCTBYIOT 0Opa3oBaHUIO 3aCTOHHBIX 30H. ClelyeT OTMETHUTh, YTO
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NPUMEHEHHE KBAJPAaTHBIX W TPEYrOJNBHBIX TPYOONPOBOJOB HMMEET CYIIECTBEHHOE BIMSHUE B
JIpYruX o0JIacTsAX HayKH M TEXHUKH, a IMEHHO, B CHCTEMaxX ra3000MeHa MOPIIHEBBIX JABHUraTeleH
[27, 28].

Ha pucynke 6 moka3aHa cTpykTypa IOTOKa B BepTHKanbHOM Iuddysope Il KaHAIOB C
PasHBIMU KOH(HIYpAIHSIMHU IPH PACXOJE BO3AyXa yepes cucTeMy g = 0,047 m*/c.

a) 6) B)

=
il

Puc. 6. Tepmorpammel cTpykTypel motoka B Fig. 6. Thermograms of the flow structure in a
BepTHKaIbHOM auddysope npu mnomade Bosmyxa Vertical diffuser at air supply through channels with
4yepe3 KaHalbl ¢ pasHeiMH (Gopmamu nomepeunoro different cross-sectional shapes (flow rate through
ceuenns (pacxoy uepes cucremy g = 0,047 m%/c): a—  the system q = 0.047 m3/s): a - circle; b - square; ¢ -
KpyT; 0 — KBaJpat; B — TPEYTOJIbHUK triangle

*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.

YBenuuenne pacxoja (a COOTBETCTBEHHO M CKOPOCTH IOTOKA) 4epe3 CHCTEMY BbI3bIBACT
3HAYUTEJIbHOE YMEHBIICHUE 3aCTOMHBIX 30H B YIJIax BepTUKAIbHOTO 1uddy3opa B ciydae nojgadu
BO3AyXa dYepe3 TPAAMIUOHHBIA KpYIIeld KaHan (puc. 6a). Ilpm 3TOM coxpaHseTcs SpKoO
BBIp@)XEHHOE IEHTpaJbHOE TeueHHe BAOIb ocu nuddys3opa. Poct pacxoma dwepe3 cucremy
(hakTHUECKH HE OKa3bIBAaeT BIUSHHA Ha CTPYKTypy HoToka B auddysope mpu momade Bo3myxa
yepe3 KBaJpaTHbIA KaHal: B Jud(dy30pe OTCYTCTBYIOT 3acTOWHbIE 30HBI M HaOmoJaeTcs
HEHTpabHOe TeueHue (puc. 60). YBenudeHne pacXoIHBIX XapaKTEPUCTHK Yepe3 CHCTEMY TakxkKe
MPAaKTUYEeCKH HE OKa3aJ0 BIMSHHUS Ha Ta30JMHAMHYECKYIO CTPYKTYpY NMOTOKa B BEPTHKAIEHOM
KoHn4yeckoM auddy3zope mpu mojade Bo3myxXa dYepe3 TPEYrONbHBIM KaHAN: HaOMIOZAroTCA
3HAa4YMMBbIE 3aCTOWHBIC 30HBI B yriax auddyszopa m mMeeT MeCTO paBHOMEpPHOE IIEHTPAIHHOE
TE€UYEHHE C TIOJHBIM 3aloTHEHHEM 00beMa B BepxXHeil yacTu (puc. 6B).

[TosmyueHHBIE TaHHBIE CBUAETENBCTBYIOT 00 YCTOWYMBOM BIMSHUH MPOJOIBHBIX BUXPEBBIX
CTPYKTYp B TNpo(MIMPOBAaHHBIX KaHaJaX, KOTOpPBIE COXpAaHSIOT CBOE BO3JEiiCTBHE Ha
pacnpezienieHue BO3AyXa B BepTHKalbHOM Juddy3ope mpu pasHbIX pacxoaax (CKOpOCTSIX)
BO3yXa.

Ha pucynke 7 mokasaHa cTpyKTypa HOTOKa B BEPTHKaJbHOM OH(Qy30pe I KaHAJIOB C
pa3HBIMHU KOHQUTypaIisIMy IIPU pacxoie Bo3ayxa yepes cucremy g = 0,057 M.
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Puc. 7. Tepmorpammsl CTpyKTyphl moroka B Fig. 7. Thermograms of the flow structure in a
BepTuKaibHOM Judy3ope npu momade Bosmyxa  vertical diffuser at air supply through channels with
yepe3 KaHalbl ¢ pasHeiMH (opmamu nomepeunoro  different cross-sectional shapes (flow rate through
cedeHms (pacxox depes cucremy q = 0,057 m>/c): a—  the system g = 0.057 m3/s): a - circle; b - square; ¢ -
KpyT; 0 — KBaJIpar; B — TPEYTrOJIbHHUK triangle

*Uemounux: Cocmaeneno agmopamu Source: compiled by the author.

JlononHuTensHOE yBEIWYEHHE pacxoia (CKOPOCTH) BO3IyXa 4epe3 CHCTEMY IIPHBENO K
YMEHBIICHNIO 3aCTOHHBIX 30H B yrmax anddysopa (puc. 7a). COOTBETCTBEHHO, MOXHO
3aKJIIOYUTh, YTO 3aCTOWHBIC 30HBI YMEHBIIAIOTCA C POCTOM pacxoda (CKOpOCTH) depes
paccmarpuBaeMyto cucteMy (kaHaia-aud¢dysop). [Ipu 3ToM, 94TO HOMOTHUTENBHBIH POCT pacxoia
yepe3 KBaJpaTHBIN KaHaAJl HE BBI3BAI KaKUX-JIMOO M3MEHEHHH B PACHPE/EIICHUN BO3AyXa BHYTPH
BepTukanpHOTO Iuddy3zopa (puc. 76). B cBoro oduepens, 4TO IOMOTHUTEIHHOE YBEIUYCHUC
Pacxo/HBIX XapaKTePUCTHK Yepe3 CHCTEMY TAaKXKe HE BBI3BAIO M3MEHEHUH B CTPYKTypE MOTOKA B
muddy3ope npu mogade BO3Ayxa 4epe3 TPeYroNbHbIA KaHa (puc. 7B).

Crenyet OTMETUTD, YTO MPU MCCIIEAOBAHUH CTPYKTYPHI TIOTOKA C MOJBOAOM BO3/1yXa depe3
TPEYroNbHBIN KaHall ceTKa Oblila HATSHyTa HE Yepe3 LEHTP TPEYroJIbHWKA, a C CYIIECTBEHHBIM
CMEIIeHHEM K OJHOMY W3 YIJIOB. DTO CBSI3aHO C OTPAaHMUYCHUSMH B T€OMETPHUYECKHX pa3Mepax
muddysopa u moxBoxsmero kaHana. COOTBETCTBEHHO, CYIIECTBYIOT IUIAHBI MO YTOYHEHHIO
JAHHBIX O CTPYKTYypE IMOTOKa B IIEHTPAJbHOM IUIOCKOCTH JUI AAHHON KOHCTPYKIHH C MOMOIIBIO
JPYTHX ONTHYECKUX METOJIOB (B YACTHOCTH, OCPEACTBOM n3MeputensHoi PlV-cuctemsr).

[anee mnpencraBieHbl JaHHbIE 00 M3YYEHMH CTPYKTYphl IIOTOKa B BEPTHKaJIbHOM
muddysope mpu cornoBoii moxave Bo3ayxa. Tak, Ha pUCyHKe 8 Moka3aHa CTPYKTypa IIOTOKa B
BEpTHKaJIbHOM Juddy3ope Juid CcOmIoBOM MNOAadM BO3AyXa dYepe3 TPYOKH C Ppa3HBIMH
HONEPEeYHBIMY CEUEHUSIMH IIpU pacxone uepes cucremy = 0,018 M/c.

W3 pucynka 8a BUIHO, YTO NpH COIJIOBOM MOJade BO3AyXa dYepe3 Kpyrible TpyOKu
HaOoaeTcss MHTEHCHBHOE JIBIDKEHHME BO3JyXa B ocHOBaHMHM nuddysopa. Ilpu stom, B yriax
muddy3opa OTCYTCTBYIOT 3acToiHBIC 30HBL JlanmbHellee pacnpenelieHne MOTOKa BO3AyXa IO
BeicoTe JMpdy3opa sBIAETCS MOYTH PABHOMEPHBIM C HEKOTOPHIM OTKJIOHEHHWEM K IIpaBOd
cropoHe. 13 pucynka 8 6 BuaHO, 4TO IpU COIIOBOH IOJjade BO3/yXa uepe3 KBaJpaTHbIE TPyOKH
TaKke MMEET MECTO WHTEHCHBHOE JBIDKEHHE IIOTOKAa B OCHOBaHMM Ju(dy3opa ¢ JambHEHIINM
PaBHOMEpPHBIM paclpe/ieJICHUEM BO3/lyXa Mo BceMy o0beMy anddy3opa. COOTBETCTBEHHO, MOXKHO
3aKJIFOYUTH, YTO NPUMEHEHUE KBaAPaTHOW COINIOBOM TPYOKH HE OKa3aJlo CYIIECTBEHHOTO BIHMSHUS
Ha CTPYKTYpY IIOTOKa B BEpTHKaJIbHOM KoHMuYeckoM muddysope. U3 pucynka 8 B BHIHO, 4TO
NPUMEHEHHE TPEYroJIbHBIX COIUIOBBIX TPYOOK BBI3bIBACT HanboJiee paBHOMEPHOE paclpeliesicHne
BO3/lyxa 10 BceMy o0beMy nuddys3opa 1o cpaBHEHHIO C JPYrUMU KOH(QUIYypauusiMH COIUIOBBIX

165



© ITnomnuxog JIB., Pviockos A.@., Kpacunvnuros J].H., /lasvioos [].A., [Llypynoe B.A.

TpyOOK. [Ipu 3TOM HaOIIOAACTCSI MHTCHCUBHOE JBIDKCHHE BO3AyXa MO BEPTUKAIBHON OCH MOYTH
o Bceit BeicoTe quddy3opa (popma 3TOro IBHKEHHUSI HATOMUHAET «MOPKOBKYY).

a 0) B)
“

L

Puc. 8. Tepmorpammsl CcTpykTyphl motoka B Fig. 8. Thermograms of the flow structure in a
BepTHKanbHOM mudy3ope mpu corutoBoit momaue  vertical diffuser at nozzle air supply through tubes
BO3dyxa uepe3 TpyOku ¢ pasHeiMu  ¢dopmamu  With different cross-sectional shapes (flow rate
morepeyHoro ceuenus (pacxoxa uepes cucremy ( = through the system q = 0.018 m3/s): a - circle; b -
0,018 M%/c): a — kpyr; 6 — KBaJpaT; B — TPEYrOIBHAK  SQUAre; ¢ - triangle
*Ucemounux: Cocmasneno asmopamu Source: compiled by the author.

Crenyer OTMETUTh, YTO SIPKO BBIPRKEHHOE LEHTpalbHOE TeueHue B auddysope He
(dopmupyercs B ciiydae MCIOJIB30BaHUsI COIUIOBOM moja4yu Bo3nyxa. Habironaercst pa3Bai cTpyu
au00 B camMoMm Havane muddysopa (KBaapaTHbe TPYOKH), JuOO B CpeaHel dacTu (Kpyriibie
TpyOKH), TMOO B BEpXHEi 4acTh (TPEyroyibHbIe TPYOKH).

Ha pucynke 9 mokazaHa CTpyKTypa IOTOKa B BEpPTHKaJIbHOM Iud(dy30pe Iuis COIIOBOH
MoJIauM BO3yXa uepe3 TPyOKU pa3HbIx KOH(GUTYpalui mpu pacxozae g = 0,047 M/e.

U3 pucynka 9 a BUAHO, YTO YBEJIMUEHHE PAcXoja 4Yepe3 CHCTeMY IpH COIUIOBOH Iojaue
BO3/lyXa uepe3 Kpyrible TPYOKH He MPUBOJIUT K U3MEHEHHIO CTPYKTYPhI MTOTOKA B BEPTUKATLHOM
muddysope. Takke MMEET MECTO MHTCHCHBHOE [BMKCHHE BO3AyXa B ocHoBaHuu auddysopa,
KOTOpOE TIOCTEIIEHHO paclpeaeNsieTcss Ha Bech 00bEeM HWIMHIPUYECKOW YacTH C HEKOTOPHIM
CMelIeHHeM K MpaBoil cropoHe. M3 pucynka 9 O BHIHO, YTO POCT PACXOJHBIX XapaKTEPHUCTHK
yepe3 CHCTEMY IIpH COIUIOBOW IMojadue BO3AyXa uepe3 KBajpaTHble TPYOKH TaKkKe HE BBI3bIBACT
W3MEHEHHH B CTPYKType MOTOKa 1Mo cpaBHeHHIO ¢ = 0,018 m/c. B naHHOM ClIydae UMeeT MeCTO
HeOoJblIass 00JacTh MHTCHCHUBHOTO JIBHJKEHHMs BO3AyXa B HWKHel uactu audpdysopa u
(hakTHUECKH paBHOMEPHOE paclpeiiefieHne BO3IyXa B OCTalbHOM o0beMe auddysopa. U3
pucyHka 9 B BHJIHO, YTO YBEJIMYCHHE Pacxojlia BO3/yXa 4epe3 TPEYroJibHble COIUIOBBIE TPYOKH
NprBeJo (PaKTHUECKH K IEHTPAITBHOMY TEUSHHIO IIOTOKA BO3AyXa B BepTHKaJILHOM Iuddy3ope. B
JIAHHOM Clly4dae CTPYKTypa IOTOKa SIBJISETCS CaMOil paBHOMEPHOW IO CPaBHEHHUIO C COIJIOBBIMU
TpyOKamMH KpyIJIOTo U KBaJPaTHOTO MOMEPEYHBIX CEUECHHH.

Ha ocHOBe mpe/cTaBlieHHBIX JaHHBIX MOKHO KOHCTAaTUPOBATH, YTO TPH COILIOBOM Moja4e
BO3/yxa B HU(G(y30p BIUSIHUE MONEPEUHOr0 MPOPUINPOBAHUS TPYOOK HAa CTPYKTYpY HOTOKa He
cTosib cyuiecTBeHHO. OpHaKo, paHee ObUIO YCTaHOBIIEHO, YTO NPUMEHEHHE KBaJPATHBIX H
TPEYroNbHBIX TPYOOK IOBBIIAIOT WHTEHCHBHOCTH TypOylaeHTHOcTH BIUIOTH a0 30 % mo
CPaBHEHHUIO C MOJa4yeil Bo3yxa depe3 Kpyriibie TpyOoku [29]. DTO MOXKET OKa3aTh MOJ0KUTEIBHOES
BIIMSIHHE HA TEIUIOOOMEHHBIE MPOLECCH B PEAJbHBIX TEXHOJOIMYECKUX YCTaHOBKAX, MOCKOIBKY
M3BECTHO, YTO CYLIECTBYET 3aKOHOMEPHOCTH: Y€M BBILIC MHTEHCUBHOCTh TYypOYJICHTHOCTH, TeM
BBIIIIE YPOBEHB TernooTaaun [30].
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L/

Puc. 9. Tepmorpammsl cTpykTyphl moroka B Fig. 9. Thermograms of the flow structure in a
BepTuKaibHOM auddysope mpu comnoBoil moxaue vertical diffuser at nozzle air supply through tubes
Bo3ayxa uepe3 TpyOku c¢ pasueiMu Qopmamu  with different cross-sectional shapes (flow rate
noriepeyHoro ceyenus (pacxox uepes cucremy ( = through the system g = 0.047 m3/s): a - circle; b -
0,047 M%/c): a — kpyT; 6 — KBaJpaT; B — TPEYrOMBHAK  SQuAre; ¢ - triangle
*Hemounux: Cocmasneno asmopamu Source: compiled by the author.

Ha pucynke 10 moka3aHa CTpyKTypa IMOTOKAa B BEPTHKAIEHOM TUPQPY30pe UL COTLIOBOM
II0JIa9’ BO3yXa depes TPyOKHM pasHbIX KOH(HUrypaumii npu pacxoxe q = 0,057 m*/c. U3 pucynka
10 BUAHO, YTO JOMOJHUTENBHOE YBEIMYCHHE Pacxola BO3IAyXa Yepe3 CHUCTEMY MOATBEPIKIAcT
o0mmue 3aKOHOMEPHOCTH (POPMHUPOBaHMS CTPYKTYphl IIOTOKAa B BEPTUKAILHOM KOHHYECKOM
muddysope mpu momade BO3AyXa HYepe3 COIUIOBBIE TPYOKH KpYyIJIOro, KBagpaTHOTO H
TPEYrOJIBHOTO MOTIEPEYHBIX CEUCHHH.

Takum 00pa3zoM, MOKa3aHBI 3BOJIIOIMS M3MEHEHUs! CTPYKTYpHI MOTOKa B auddyszope npu
COIUIOBOM IMojade BO3yXa, a TAKKe BIMSHHE (POPMBI ITOIEPEYHOTO CEUCHUS Ha paclpelelieHne
MOTOKa BO3ayxa B nuddy3ope. MOXKHO 3aKIIOYUTH, YTO IOCPEACTBOM BEIOOpa HAYAIBHBIX
YCIIOBHUH ¥ TEOMETPUYECKUX Pa3MEPOB COTUIOBBIX TPYOOK MOXKHO YIIPaBJIATh CTPYKTYpOH ITOTOKA B
BepTUKaAIBHOM IU(dy30pe. B mpakTHueckoM miiaHe 3TO MO3BOJNT HACTPAWBaTh XUMUYECKUH HIIH
TEXHOJIOTUUECKHH MPOIIECCH B COOTBETCTBUH C MOTPEOHOCTSIMH IIPON3BO/ICTBA.

B)

Puc. 10. Tepmorpammsl ctpykrypel moroka B Fig. 10. Thermograms of the flow structure in a
BepTukaibHOM auddysope mpu comnoBoil mogaue Vvertical diffuser at nozzle air supply through tubes
Bo3ayxa uepe3s TpyOku c¢ pasueiMd  Qopmamu  with different cross-sectional shapes (flow rate
noriepedHoro ceyeHus (pacxox uepes cucremy ( = through the system g = 0,057 m3/s): a - circle; b -
0,057 M/c): a — kpyr; 6 — KBazparT; B — TPeyroJbHAK  Square; ¢ - triangle
*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.

3axnouenue (Conclusions)
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Ha ocHOBe mNpOBEICHHBIX SKCICPUMEHTAJIBHBIX HCCICIOBAHUN CTPYKTYPHl IMOTOKAa B
BEPTUKAIBHOM KOHHUYECKOM T dy30pe MOKHO cHOPMYTHUPOBATE CICAYIOIINEC BHIBOIBI:

1. co3maHa SKCIEPUMCHTANbHAS YCTAHOBKA JIUIS M3YYCHUS PA3IMYHBIX KOHCTPYKTOPCKUX
croco0OB TOABOAA BO3MyXa B BEPTHKAIbHBIN auddy3op Mpu pasHBIX HAYAIBHBIX YCIOBHUSIX
(pacxoIHBIX XapaKTCPUCTHKAX);

2. OcoOCHHOCTH CTPYKTYpPHI MOTOKAa B BEPTHKAIBLHOM auddy3ope Mpu TPagullMOHHOM
MOZIBO/IC BO3/IyXa CHU3Y Yepe3 OJMH KaHaJ:

- B nuddyszope o0OpasyeTcs sIpKO BBIPAKEHHOC IICHTPAIbHOC TCUCHHE BO3JyXa BJOJb
BepTUKaIBbHOM ocu quddy3opa mpu UCroap30BaHUE BCeX KOHPUTYpAIHI KaHaa;

- (hopMa monepeyHOro ceueHHs MOABOJSIIET0 KaHalla OKa3blBaeT CYIECTBEHHOE BIUSHHE
Ha CTPYKTYpPY MOTOKa B KOHHWYECKOM auddy3ope (Kpyriblii KaHAT — 3aCTOWHBIC 30HBI B yIIax;
KBaJ[paTHBIN KaHaJI — OTCYTCTBUE 3aCTOMHBIX 30H; TPEYrOJbHBIN KaHal — 3aCTOWHBIC 30HKI C OoJee
PaBHOMEPHBIM TIOTOKOM);

- OCHOBHBIE 33aKOHOMEPHOCTH M3MEHEHHUS CTPYKTYphl MOTOKa COXPaHSIOTCS MpHU
yBEJIMUEHUH pacxojia Bo3ayxa yepes cucremy ot 0,02 1o 0,067 m/c.

3. OcoOeHHOCTH CTPYKTYphI TIOTOKa B BepTHKajIbHOM nuddysope mpu coruioBoil nopaue
BO3JlyXa 4epe3 YeThIpe TPYOKH, pacoIoKeHHbIE IO/ yIIIoM 45 rpasycoB:

- B 1 Py30pe OTCYTCTBYIOT 3aCTOMHBIC 30HBI U ICHTPAILHOE TCUCHHE;

- HUCIOJIb30BaHHE KBAJIPAaTHOM W TPEYroJIbHOM COIUIOBBIX TPYOOK MPUBOJAUT K Oosee
PaBHOMEPHOMY pacIpeIeIeHHIO TI0TOKa BO3/yXa 10 BCEMY 00beMY BEPTHKaJIbHOI'O KOHHYECKOTO
muddysopa;

- YBEIMYCHHE pPACXOIHBIX XapaKTePHCTHK 4Yepe3 CHUCTeMy CHocoOCTByeT Oolee
PaBHOMEPHOMY pAacCIPECICHHIO ITOTOKa BO3[yXa IO BceMy o0bemy auddysopa (mpu 3ToM
OCHOBHbIE 3aKOHOMEPHOCTH B CTPYKTYpPE T€UEHHsI COXPAHSIIOTCS).

4. B nIpuKIaTHOM acleKkTe MOKHO c(hOpMYJIMPOBATH CIEAYIOINE PEKOMEHAAIHH:

- UCTIOJIb30BaHKE TPATUIIMOHHOTO MTOJIBOJIA BO3/{yXa Yepe3 OJIMH KaHall MOXKET ITPUBOJHUTH K
(dopMHpoBaHHIO 3aCTOWHBIX 30H B yriax auddys3opa, 4YTO XapakTEpHO Ui KPYIJoro u
TPEYTOJIBHOT'O MOINCPEYHBIX CCQEHHIZ; MNPUMEHCHUE KBAJAPATHOI'O IMOJABOAAIICTO KaHaJla BbI3bIBACT
OoJiee paBHOMEPHOE pacipesieieHie Bo3IyXa 1o BceMy o0bemy nuddysopa;

- COIUIOBas Nof1a4ya 00ecreyrBaeT paBHOMEPHOE paciipe/ieieHHe BOo3/lyXa M0 BceMy 00beMy
BepTHKaJIbHOTO Au(dy3opa ¢ GopMUpPOBaHHEM WHTEHCHBHOTO JIBUXKEHHMS B LIGHTPE, YTO Hanbosee
XapaKTCPpHO JIA KPYIJIBIX U TPECYTOJIbHBIX COIJIOBBIX pr6OK, MMPUMEHCHHUEC KBaJIPATHBIX COIIJIOBBIX
TPYOOK BBI3BIBACT HHTCHCHBHOE JBHKCHUE MIOTOKA B HIDKHEH yactu auddy3opa, koTopoe OBICTPO
paspyliaeTcss BBEpX [0 TEYEHHIO, PABHOMEPHO 3allOJIHSsI BeCh 00bEM LMIMHIPUYECKOW 4acTH
nuddysopa;

- TpaauIMOHHAA MoJaavda BO3ayXa 4€pE3 OAMH KaHAJI MPUBOAUT K HEHTPAJIBHOMY TCYCHUIO
BIIOJIb OCH BEPTUKATBHOTO AU(Qy30pa ¢ HATUUUEM WIH OTCYTCTBHEM 3aCTOMHBIX 30H B yIJIax
muddy3opa; coruoBas 1ojavya BO3JyXa BbI3BIBAET PAaBHOMEPHOE pacipejeliieHHe BO3JyXa o
BceMy o0ObeMmy nuddyszopa ¢ ¢opMupoBaHHeM 00JaCTH HWHTCHCUBHOTO JBIDKEHUS BIOJb
BEPTUKAJIBHOHN OCH.

5. HaHpaBHeHI/Iﬂ HaﬂbHeﬁ]HHX I/ICCHe}IOBaHI/Iﬁ CBA3aHBI C IMOJTYYCHUEM ACTAJBHBIX JaHHBIX
0 Ta30/IMHAMUKE MTOTOKA B BEPTHKAIBHOM JAU(y30pe ¢ MOMOIIBI0 TepMoaneMomMeTpa u/unu PIV-
CHUCTEMBI, a TaKX€ C HCCICAOBAHUEM CTPYKTYPbl IMOTOKAa B JBYXCTYIICHYATOM KOHHYCCKOM
muddy3ope. JIonoJgHUTEIbHOE HANpaBiICHHE HCCICJOBAaHUNA MOXKET 3aKI0YaThCsi B H3YHEHHU
BIIMSIHUSL HAKJIOHA COIUIOBBIX TPYOOK Ha Ta30AMHAMHKY W CTPYKTYPY HOTOKAa B BEpTHKAJIEHOM
KOHUYeCcKoM nauddy3ope.

Jlutepartypa
1. Azad R.S. Turbulent flow in a conical diffuser: A review // Experimental Thermal and Fluid
Science. 1996. Vol. 13(4). P. 318-337.

168



Ipobnemor snepeemuru, 2024, mom 26, Ne 3

2. Ferrari A. Exact solutions for quasi-one-dimensional compressible viscous flows in conical
nozzles // Journal of Fluid Mechanics. 2021. Vol. 915, Article number 915A1-1.

3. Novkovi¢ D.M., Burazer J.M., Coéié¢ A.S. Comparison of different CFD software performances
in the case of an incompressible air flow through a straight conical diffuser // Thermal Science. 2017. Vol. 21.
P. 863-874.

4. Teshnizi E.S., Momeni F. Analytical Solutions and Analyses of the Displacement Separating
Point in Diffusers // Journal of Applied and Computational Mechanics. 2022. VVol. 8(3). P. 891-903.

5. Véras P., Balarac G., Métais O., Georges D., Bombenger A., Ségoufin C. Reconstruction of
numerical inlet boundary conditions using machine learning: Application to the swirling flow inside a conical
diffuser // Physics of Fluids. 2021. Vol. 33(8). Article number 085132.

6. Tanasa C., Bosioc A., Muntean S., Susan-Resiga R. A novel passive method to control the
Swirling Flow with Vortex Rope from the conical diffuser of hydraulic turbines with fixed blades // Applied
Sciences (Switzerland). 2019. Vol. 9(22). Article number 4910.

7. Yang J., Zhang Y., Chen H., Fu S. Flow separation control in a conical diffuser with a Karman-
vortex generator // Aerospace Science and Technology. 2020. Vol. 106. Article number 106076.

8. Shukri E.S. Analytical velocity study in a conical diffuser with screw tape inserts // MATEC Web
of Conferences. 2018. Vol. 153. Article number 06003.

9. Shukri E.S., Hussein A.A., Khudhier A. Evaluation of velocity distribution utilizing the helically
coiled tape in a conical diffuser // IOP Conference Series: Materials Science and Engineering. 2019.
Vol. 518(3). Article number 032018.

10. Mfon S.A., Alabi S.B., Udoetok E.S., Offor U., Nsek E., Tomas Z., Miklik T. A semi-empirical
model for estimation of pressure drop coefficient of a conical diffuser // Chemical Engineering Transactions.
2019. Vol. 74. P. 1003-1008.

11. Gosteev Yu.A., Obukhovskiy A.D., Salenko S.D. On head losses in conical diffusers // AIP
Conference Proceedings. 2018. Vol. 2027. Article number 030048.

12. Tsoy M., Skripkin S., Litvinov I. Two spiral vortex breakdowns in confined swirling flow //
Physics of Fluids. 2023. Vol. 35(6). Article number 061704.

13. Zhou X., Shi C., Miyagawa K., Wu H. Effect of modified draft tube with inclined conical diffuser
on flow instabilities in Francis turbine // Renewable Energy. 2021. VVol. 172. P. 606-617.

14. Liu Z., Favrel A., Miyagawa K. Effect of the conical diffuser angle on the confined swirling flow
induced Precessing Vortex Core // International Journal of Heat and Fluid Flow. 2022. Vol. 95. Article
number 108968.

15. 1li¢ D.B., Benisek M.H., Cantrak D.S. Experimental investigations of the turbulent swirl flow in
straight conical diffusers with various angles // Thermal Science. 2017. Vol. 21. P. 725-736.

16. Yue Y., Shen Y. CFD-DEM study of spout incoherence phenomena in a conical spouted bed //
Powder Technology. 2022. Vol. 406. Article number 117529.

17. Sahu N.K., Kumar M., Dewan A. Sophisticated interplay of operating conditions governs flow
field transition and optimal conversion inside tangentially fired gasifiers // Energy. 2022. Vol. 252. Article
number 123975.

18. Nazzal 1.T., Ertung O. Influence of turbulent flow characteristics on flame behaviour in diffuser
combustors // Energy. 2019. Vol. 170. P. 652-667.

19. Mohanan J.N., Sundaramoorthy K., Sankaran A. Performance improvement of a low-power wind
turbine using conical sections // Energies. 2021. Vol. 14(17). Article number 5233.

20. Zou A., Chassaing J.-C., Li W., Gu Y., Sauret E. Quantified dense gas conical diffuser
performance under uncertainties by flow characteristic analysis // Applied Thermal Engineering. 2019. Vol.
161. Article number 114158.

21. Tanasa C., Bosioc A., Stuparu A., Muntean S., Susan-Resiga R. A Perspective Review of Passive
Techniques Applied to Control the Swirling Flow Instabilities from the Conical Diffuser of Hydraulic
Turbines // Applied Mechanics Reviews. 2023. Vol. 75(6). Article number 060801.

22. Buron J.-D., Houde S., Deschénes C. Statistical and spectral analysis of the bulbt conical diffuser
flow // International Journal of Fluid Machinery and Systems. 2020. Vol. 13(1). P. 79-89.

169



© ITnomnuxos JI.B., Pvisckos A.D., Kpacunvnuxos [{.H., /lagvioos /[ A., LLypynog B.A.

23. Ning C., Cao P., Gong X., Zhu R. Optimization of Sweep and Blade Lean for Diffuser to
Suppress Hub Corner Vortex in Multistage Pump // Machines. 2021. Vol. 9(12). Article number 316.

24. Vaz J.R.P., de Lima AKK.F., Lins E.F. Assessment of a Diffuser-Augmented Hydrokinetic
Turbine Designed for Harnessing the Flow Energy Downstream of Dams // Sustainability (Switzerland).
2023. Vol. 15(9). Article number 7671.

25. Zhilkin B.P., Larionov 1.D., Shuba A.N. Applications of an infrared imager for determining
temperature fields in gas flows // Instruments and experimental techniques. 2004. Vol. 4. P. 545-546.

26. Plotnikov L.V. Unsteady gas dynamics and local heat transfer of pulsating flows in profiled
channels mainly to the intake system of a reciprocating engine // International Journal of Heat and Mass
Transfer. 2022. Vol. 195. Article number 123144,

27. Plotnikov L.V., Zhilkin B.P., Brodov Y.M. The Influence of Piston Internal Combustion Engines
Intake and Exhaust Systems Configuration on Local Heat Transfer // Procedia Engineering. 2017. VVol. 206.
P. 80-85.

28. [notauko  JI.B., bpomor IO.M., XKumkun BbB.II., TIpuropeee H.M. Ocobernoctu
TCHJIOMEXAHUYCCKUX XapaKTCPUCTUK ITYJIbCUPYIOIIUX ITOTOKOB B Ta30BO3AYUIHBIX TpaKTaX IMMOPIIHEBBIX
nBurareneii ¢ TypbonanayBoM // V3Bectus BoicnX y4eOHbBIX 3aBeneHuid. [IpobneMsr suepreruxu. 2019. T.
21.Ne 4. C. 77-84.

29. Plotnikov L. Mathematical Description of the Aerodynamic Characteristics of Stationary Flows in
a Vertical Conical Diffuser When Air Is Supplied through Various Tube Configurations // Axioms. 2023. Vol
12(3). Article number 244.

30. 3apsukuH A.E., [Tagammoranno T. Pa3paboTka 1 nccienoBaHue racuteieli HepaBHOMEPHOCTH B
TpyOOIPOBOJHBIX CHCTEMAaX W TPAKTaX TypOOMAllMH Ha OCHOBE MaTeMaTHYeCKOro MojeiupoBanus [/
W3Bectus BeicnMX yueOHBIX 3aBeneHuid. [Ipoonemsr snepreruku. 2019. T. 21. Ne 1-2. C. 93-110.

ABTOpBI NyOJIHMKATMH

ITnomnuuxoe Jleonuo Banepvesuu — n-p TexH. Hayk, npodeccop kadeaps! «Typounsl u qeuratenny OILAOY
BO «Ypansckuii (enepanbHbiii yauBepcuteT uMenn mepsoro Ipesugenta Poccun B.H. Enbiuna». E-mail:
leonplot@mail.ru.

Poirickos Anexcandp @uaunnosuu — 1-p TexXH. Hayk, npodeccop kadeapsr «TemmoBbie 3IEKTpHUSCKHE
crannum» OI'AOY BO «Ypansckuii denepanbHblil yHUBepcuTeT MMeHH nepBoro [Ipesunenta Poccun B.H.
EnpumHay. E-mail: af.ryzhkov@mail.ru.

Kpacunvnuxoe /[Amumpuii Huxonaesuu — crynent kadenpst «TypOunel u neuratenn» GIAOY BO
«Vpansckuii (emepanbHblii yHHBEpCHTET MMeHH repBoro Ilpesuaenta Poccum Bb.H. Enprmuay. E-mail:
dima_krasilnikov_2017@mail.ru.

Jaevroos Jlanun Anexceesuu — crynent xadenpsl «Typounsl u asuratenin»y OIAOY BO «Ypanbckuit
¢denepanbHblit  yHuBepcureT uMenn nepBoro Ilpesupenta Poccum  B.H.  Enpmunay  (VpODV).
E-mail dda_2003@bk.ru.

HLlypynoe Bnaoucnaeé Anexcanoposeuu — crynent kabenpel «TypOunsl u guratenn» OIAOY BO
«Ypanbckuit denepanpHblii yHuBepcuteT uMenu nepeoro I[pesunenta Poccun b.H. Enbuuna» (YpdV).
E-mail: shurupov.vladislav@yandex.ru.

References
1. Azad R.S. Turbulent flow in a conical diffuser: A review. Experimental Thermal and Fluid
Science. 1996; 13(4):318-337.
2. Ferrari A. Exact solutions for quasi-one-dimensional compressible viscous flows in conical
nozzles. Journal of Fluid Mechanics. 2021; 915:915A1-1.

170



Ipobnemor snepeemuru, 2024, mom 26, Ne 3

3. Novkovi¢ D.M., Burazer J.M., Co¢i¢ A.S. Comparison of different CFD software performances
in the case of an incompressible air flow through a straight conical diffuser. Thermal Science. 2017; 21:863-
874.

4. Teshnizi E.S., Momeni F. Analytical Solutions and Analyses of the Displacement Separating
Point in Diffusers. Journal of Applied and Computational Mechanics. 2022; 8(3):891-903.

5. Véras P., Balarac G., Métais O., Georges D., Bombenger A., Ségoufin C. Reconstruction of
numerical inlet boundary conditions using machine learning: Application to the swirling flow inside a conical
diffuser. Physics of Fluids. 2021; 33(8):085132.

6. Tanasa C., Bosioc A., Muntean S., Susan-Resiga R. A novel passive method to control the
Swirling Flow with VVortex Rope from the conical diffuser of hydraulic turbines with fixed blades. Applied
Sciences (Switzerland). 2019; 9(22):4910.

7. Yang J., Zhang Y., Chen H., Fu S. Flow separation control in a conical diffuser with a Karman-
vortex generator. Aerospace Science and Technology. 2020; 106:106076.

8. Shukri E.S. Analytical velocity study in a conical diffuser with screw tape inserts. MATEC Web of
Conferences. 2018; 153:06003.

9. Shukri E.S., Hussein A.A., Khudhier A. Evaluation of velocity distribution utilizing the helically
coiled tape in a conical diffuser. IOP Conference Series: Materials Science and Engineering. 2019;
518(3):032018.

10. Mfon S.A., Alabi S.B., Udoetok E.S., Offor U., Nsek E., Tomas Z., Miklik T. A semi-empirical
model for estimation of pressure drop coefficient of a conical diffuser. Chemical Engineering Transactions.
2019; 74:1003-1008.

11. Gosteev Yu.A., Obukhovskiy A.D., Salenko S.D. On head losses in conical diffusers. AIP
Conference Proceedings. 2018; 2027:030048.

12. Tsoy M., Skripkin S., Litvinov I. Two spiral vortex breakdowns in confined swirling flow.
Physics of Fluids. 2023; 35(6):061704.

13. Zhou X., Shi C., Miyagawa K., Wu H. Effect of modified draft tube with inclined conical diffuser
on flow instabilities in Francis turbine. Renewable Energy. 2021; 172:606-617.

14. Liu Z., Favrel A., Miyagawa K. Effect of the conical diffuser angle on the confined swirling flow
induced Precessing Vortex Core. International Journal of Heat and Fluid Flow. 2022; 95:108968.

15. 1i¢ D.B., Benisek M.H., Cantrak D.S. Experimental investigations of the turbulent swirl flow in
straight conical diffusers with various angles. Thermal Science. 2017; 21:725-736.

16. Yue Y., Shen Y. CFD-DEM study of spout incoherence phenomena in a conical spouted bed.
Powder Technology. 2022; 406:117529.

17. Sahu N.K., Kumar M., Dewan A. Sophisticated interplay of operating conditions governs flow
field transition and optimal conversion inside tangentially fired gasifiers. Energy. 2022; 252:123975.

18. Nazzal 1.T., Ertung O. Influence of turbulent flow characteristics on flame behaviour in diffuser
combustors. Energy. 2019; 170:652-667.

19. Mohanan J.N., Sundaramoorthy K., Sankaran A. Performance improvement of a low-power wind
turbine using conical sections. Energies. 2021; 14(17):5233.

20. Zou A., Chassaing J.-C., Li W., Gu Y., Sauret E. Quantified dense gas conical diffuser
performance under uncertainties by flow characteristic analysis. Applied Thermal Engineering. 2019;
161:114158.

21. Tanasa C., Bosioc A., Stuparu A., Muntean S., Susan-Resiga R. A Perspective Review of Passive
Techniques Applied to Control the Swirling Flow Instabilities from the Conical Diffuser of Hydraulic
Turbines. Applied Mechanics Reviews. 2023; 75(6):060801.

22. Buron J.-D., Houde S., Deschénes C. Statistical and spectral analysis of the bulbt conical diffuser
flow. International Journal of Fluid Machinery and Systems. 2020; 13(1):79-89.

23. Ning C., Cao P., Gong X., Zhu R. Optimization of Sweep and Blade Lean for Diffuser to
Suppress Hub Corner Vortex in Multistage Pump. Machines. 2021; 9(12):316.

171



© ITnomnuxos JI.B., Pvisckos A.D., Kpacunvnuxos [{.H., /lagvioos /[ A., LLypynog B.A.

24. Vaz J.R.P., de Lima AKK.F., Lins E.F. Assessment of a Diffuser-Augmented Hydrokinetic
Turbine Designed for Harnessing the Flow Energy Downstream of Dams. Sustainability (Switzerland). 2023;
15(9):7671.

25. Zhilkin B.P., Larionov 1.D., Shuba A.N. Applications of an infrared imager for determining
temperature fields in gas flows. Instruments and experimental techniques. 2004; 4:545-546.

26. Plotnikov L.V. Unsteady gas dynamics and local heat transfer of pulsating flows in profiled
channels mainly to the intake system of a reciprocating engine. International Journal of Heat and Mass
Transfer. 2022; 195:123144.

27. Plotnikov L.V., Zhilkin B.P., Brodov Y.M. The Influence of Piston Internal Combustion Engines
Intake and Exhaust Systems Configuration on Local Heat Transfer. Procedia Engineering. 2017; 206:80-85.

28. Plotnikov L.V., Brodov Yu.M., Zhilkin B.P., Grigoriev N.l. Features of the thermomechanical
characteristics of pulsating flows in the gas-air ducts of turbocharged piston engines. Power engineering:
research, equipment, technology. 2019; 21(4):77-84.

29. Plotnikov L. Mathematical Description of the Aerodynamic Characteristics of Stationary Flows in
a Vertical Conical Diffuser When Air Is Supplied through Various Tube Configurations. Axioms. 2023;
12(3):244.

30. Zaryankin AE., Padashmoganlo T. Development and research of unevenness dampers in pipeline
systems and turbomachinery paths based on mathematical modeling. Power engineering: research,
equipment, technology. 2019; 21(1-2):93-110.

Authors of the publication

Leonid V. Plotnikov — Ural Federal University named after the first President of Russia B.N.
Yeltsin.

Alexander F. Ryzhkov — Ural Federal University named after the first President of Russia B.N.
Yeltsin.

Dmitry N. Krasilnikov — Ural Federal University named after the first President of Russia B.N.
Yeltsin.

Danil A. Davydov — Ural Federal University named after the first President of Russia B.N.
Yeltsin.

Vladislav A. Shurupov — Ural Federal University named after the first President of Russia B.N.
Yeltsin.

Hlugp nayunoti cneyuanvnocmu:2.4.6. Teopemuueckas u npuxkiaoHas menjiomexHukd

Ilonyueno 26.02.2024 -.
Ompeoaxmuposano 06.03.2024 2.
Ilpunamo 01.04.2024 2.

172



