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MOBbILLEHUE I A3OAMHAMMYECKOU SDDEKTUBHOCTH
DdUIIbTPOB C KOPOTKMM AUDDY3OPOM
NMPU PABOTE B 3ABUXPEHHOM IMNMOTOKE

H. FO. ®dunbkuH, B. J1. FOwa, A. A. KanenioxoBckas

OMCKMIM roCyAapPCTBEHHbIM TEXHUYECKMIA YHUBEPCHTET,
Poccus, 644050, r. Omck, np. Mupa, 11

PaccMoTpeH BONPOC MNOBbIWEHUS FA30fMHAMMYECKOH 3(PMEKTMBHOCTM Fa30BbiX (PMALTPOB C KOPOTKMM
Anddpysopom npu pabote B 3aBUXPEHHOM MECTHbIM COMPOTMBIEHMEM MOTOKEe. ABTOPaMM MPOBEfEHbl
YUCNIEHHbIE M 3KCNEePMMEHTaNbHbIE MCCeAOBaHMS ra30BOro (hMnbTpa B 3aBUXPEHHOM MOTOKE C YCTaHOBKOM
n 6e3 yCTAaHOBKM B MPOTOYHOM YaCTM KOPOTKOro AMd(y30pa KOHLLEHTPHUYECKMX HanpaBnsiowmx. Pesynbratbl
MccnefoBaHMM NOATBEPAMIM PAaBOTOCNOCOBHOCTL TaKMX HaNPaBASIOWMX B 3aBUXPEHHOM MOTOKE, a TaKKe
NOBbIIEHHWEe ra30fMHAMMUYECKON 3((PEeKTUBHOCTM Fa30BOro (hunbTpa MO CPaBHEHWIO C BapvaHToM 6es
HaNpPaBASKIOLLMX.

KnioueBble CnoBa: ra3oBbii (UALTP, KOPOTKMIH Anddy30p, rasogMHaMMuyecKas 3(P(PEeKTMBHOCTb, 3aBMXPEH-
HbIM NOTOK, KOHLEHTPMUYECKME Hanpaensiowme, Npodunb Nons CKOPOCTeH, a3pPOMHaMMYECKOe CONPOTMB-

NeHue.

BBeapeHue

Anaan3 pabOTHl Ta30BBIX (PUABTPOB C KOPOTKUM
AP PY30pOM B CHUCTEMAX JKU3HEOOECIeUYeHUsA II03BO-
AVIA BBISIBUTH ABa KPUTEPHUS WX Ta30ANHAMHYECKOU
s¢pdexTuBHOCTH [1 — 3]:

1. AspoprHaMUUeCcKoe COIPOTHUBAEHHE, BO3HHUKA-
10lllee, B TOM YUCAe, U IO IPUUYNHEe BUXpeoOpa3oBaHUN
B IIPOTOYHOM 4aCTU KOPOTKOTO Auddy3opa.

2. HepaBHOMEPHOCTH MOASI CKOPOCTEN B BBIXOAHOM
CeueHuU KOPOTKOro Auddysopa, NPUBOAAILAL K POC-
Ty AOKAABHBIX CKODOCTEM M YXYAIIEHUIO OYNCTHBIX
CBOWCTB aACOPOLIMOHHBIX U KaTaAUTUYEeCKUX HAIlOAHU-
TeAeU ra30BbIX (PUABTPOB.

OpHUM 13 HauboAee U3BECTHBIX CIIOCOOOB yAyuUllle-
HUA pabOTEI KOPOTKOro AUMPY30pPa, C TOUKU 3pEHUS Ha-
3BaHHBLIX KPUTEPUEB, SIBASETCS YCTaHOBKA B €TI0 IIPOTOY-
HOM 4YacTH HampaBAgiomux. B pabote [3] npeproskeHa
YCTAaHOBKA KOHIIEHTPUUYECKUX HAIPaBASIONINX, PaAU-
aAbHBIE pa3Mephl KOTOPBIX Ha BXOA€ B KOPOTKUM AUD-
(dYy30p OIPEAEATIOTCSA C YUETOM IPOMUASL IIOASL CKOPO-
CTel B BO3AYXOBOAe nepep Auddys3opoM. B pesyabrate
B BBEIXOAHOM cedeHHU AN dy30opa OTCYTCTBYIOT SIPKO
BBIP@KeHHEBEIEe AOKAAbHBIE CKOPOCTH Ta30BOTO IOTOKQ,
a TakyKe yMeHbIIIal0TCsI BUXpeoOpa30BaHUs.

OAHaAKO AQHHOe pellleHHe MOAOKUTEABHO 3apeKo-
MEHAOBAAO ce0sI B YCAOBUSAX, KOTAQ (DUALTPY IIpeallle-
CTBOBaA AOCTATOUYHO AAWHHBIN AAST YCIIOKOEHUS ITOTOKa
NPSAMOAVHEHNHBINM Y4aCTOK BO3AYXOBOAQ, U IIPO(MUAB
IIOAS CKOPOCTEM Ilepep KOPOTKUM AUM@DY30pOM HUMeA
cuMMeTpuuHyto dopmy. OAHAKO yCTaHOBKA ra30BBIX
(DUABTPOB 3a4aCTyIO IPOUCXOAUT BOAU3U MECTHBIX COII-
POTUBAEHUM (OTBOABL, TDOMHUKY, 3aABUYKKHU U T.1I.), YTO
OCOOEHHO aKTyaAbHO AAS MOOWABHBIX W TPAHCIOPT-
HBIX OOBEKTOB C OTPAaHUYEHHBIM ITPOCTPAHCTBOM, TAE
UMeeTcs AOCTAaTOYHO NMAOTHass KOMIIOHOBKa. MeCTHHIe
COIIPOTHUBAEHUSI CTAHOBSITCS UCTOUHMKAMM BUXpeoOpa-
30BaHUHN B IIOTOKE, UTO NPUBOAUT K BO3HUKHOBEHUIO
ACUMMETPUYHOTO NPO(MUAS IIOAT CKOPOCTEU Ilepep
ra3oBelM  (PUABTPOM. COOTBETCTBEHHO, BO3HUKAET
PE30HHBINM BOIPOC O PabOTOCIOCOOHOCTU TAaKUX Hall-
PaBASIFOLINX IIPU HAAMYMU 3aBUXPEHHOTO MOTOKA.

AHaAM3 AUTepaTypHBIX MCTOUYHMKOB U INATeHTHBIN
0030p MO3BOAUAU CAEAATh 3aKAIOUeHHe 00 OTCYTCTBUU
KaKUX-AHN0O PEeKOMEeHAAIUM II0 YAYYIIEeHHIO pPaboThHI
ra3oBBIX (PUABTPOB C KOPOTKUM AUPPY30pPOM B 3aBUX-
PEHHOM IIOTOKe. VI3BeCTHBI PEKOMEHAQITUY TI0 YAyYIIIe-
HHIO pabOTHI MECTHBIX CONPOTHUBAEHUN (yCTaHOBKA Ha-
NPaBAFIONINX B IOBOPOTE, YCIIOKOUTEAEH ITIOTOKA ITOCAe
CONPOTUBAEHHM), OAHAKO IIPU 3TOM CaMU YAYULIEHUS
CTQHOBSTCSI MCTOUYHMKOM POCTa a’dpPOAMHAMHUUECKOTO
COIIPOTHBAEHMS U IIIyMa, a TaKKe MMEeIOT OrpaHU4YeH-
HOe IIPUMeHeHNe U He HOCST YHUBEePCAAbHBIN XapaKTep.
B To ke BpeMs U3BeCTHBIE PEKOMEHAAIIMH II0 YAyUIIle-
HHIO PaboThl KOPOTKUX A dy30poB [4— 8] He paccun-
TaHbl Ha 3aBUXPEHHBIM NMOTOK. TakuM oOpas3oM, IOA-
AepskaHue 3(PPeKTUBHOU paboThHI Ta30BHIX (PUABTPOB
C KOPOTKUM AUMPDY30pOM B YCAOBUAX 3aBUXPEHHOIO
TIOTOKA SIBASIETCS AKTYaAbHBIM.

ITocTanoBKa 3dAd4n

AAs OIleHKU TOBBINIeHUSI 3(PPEKTUBHOCTU PabOTHI
ra30oBBIX (PUABTPOB C KOPOTKUM AUMDDY30pPOM B YCAO-
BUSIX 3aBUXPEHHOTO IIOTOKA OBIAU IPOBEAEHBI UUCAEH-
HBIe U 3KCIIepUMeHTaAbHbIe MCCAeAOBaHUA. [Ipu aTOM
B KaueCTBe MECTHOTO CONPOTUBAEHHUS OBIA PACCMOTPEH
T-00pa3HbIN TPOMHUK. 3apaUuell YNCAEHHBIX HCCAEAOBA-
HUHN SIBASIAOCH OIIpeAeAeHme TIPOUAS TTOAST CKOPOCTeH
IOTOKAa Ilepep BXOAOM B KOPOTKUU AUPEY30p HOCAe
TPOMHUKA C I[eAbIO IIOAYUEHUSI AQHHBIX AAS IIOCAEAYIO-
1ero pacueTa reoMeTpUM KOHIIEHTPUYECKUX HallpaB-
AMIOIIUX B IPOTOYHOM 4YACTU KOPOTKOro auddysopa.
3apauel OKCIIePUMEHTAABLHBIX MCCAEAOBAHUH SIBASIAACD
OlleHKa pabOTOCIOCOOHOCTU IPEAAOKEHHON TIeoMe-
TPUU HAIIPABASIONIUX IPUMEHUTEABHO K paccMaTpuBa-
eMOMYy MeCTHOMY CONPOTHUBAEHHIO M IOATBEP>KAEHUE
Pe3yAbTaTOB YMCAEHHLIX PacyeToB.

Teopus

YrcheHHBIE HCCAEAOBaHUS OBIAM BBEITOAHEHBI Ha
0aze maketa ANSYS CFX ¢ ucnoab3oBanueM paszpado-
TAHHOU AAS Fa30BBEIX (DUABTPOB C KOPOTKUM AUPDY30-
POM METOAMKU YUCAEHHOTO pacyeTa [9].



[Mpu BLITOAHEHHUU YHMCAEHHBIX PAcyeTOB B KauecTBe
0O0BbeKTa MCCAEAOBAHMSI pacCMaTpHUBaAach MPOTOUYHAS
4acTb (PUABTPA C KOPOTKUM AUM@PY30pPOM, KOTOPOMY
IIPEeALLIECTBOBAA BO3AYXOBOA C TPOMHUKOM (puc. 1).
[MoTok ABU>KeTCH 1O BO3AYXOBOAY 1 AmaMeTpoM 112 M,
13 KOTOPOTO OH IIONaAaeT B MPOTOUYHYIO YaCTh ra30BO-
ro (PUABTPa, COCTOSIIEro0 U3 KOPOTKOTO Auddy3opa 2,
KopIryca 3 ¥ 95KBUBAAEHTHOU II€PETOPOAKH 4, UMUTUDY-
el puAbTpyromWud 3AeMeHT. [TOTOK OKuAQeT mpo-
TOYHYIO 4acCTh (DUABTPA Yepe3 BBIXOAHOM BO3AYXOBOA
6 aanHOM 100 MM. Koprryc nMeeT IPSIMOYTOABHYIO (hOp-
My ¢ ceuenueM 320x320 MM, Aucddy30p AAMHOM 68 MM —
KOHMYECKYIO, ¢ HauboAbUM AuaMeTpoM 280 mm. [Tpu
IIPOBEAEHUU YUCAEHHBIX UCCAEAOBAHUN (PUABTPYIOLINNT
9AEMEHT MOAEAUPYETCSI 9KBUBAAEHTHOM 11O COTPOTUBAE-
HHIO IIePerOpPOAKON B BUAE ITep(OPUPOBAHHOM IIAACTH-
HBI TOAIIUHOM 10 MM C KPYTABIMU OTBEPCTHUSAMU AHWa-
MeTpoM 10 MM, pacnpeAeAeHHBIMU II0 IIAACTHHE PaBHO-
MepHO. DKBUBaAeHTHas Ileperopoaka yCcTaHOBAeHA II0-
IIePEYHO B KOPIyCe Ha paccTosgHuU 50 MM OT BEIXOAHOT'O
ceueHUsA KOPOTKOro puddysopa u Ha paccrogHuu 340 MM
OT BBIXOAHOTO BO3AYX0BOAA. Ha BXoae B BO3AYXOBOA 3a-
AQeTCs CPeAHss CKOPOCTh IIOTOKa VB AManasone ot 1 a0
5 M/c, a Ha BEIXOAe ITocAe (PUABTPA — A@BAEHHUE, PaB-
HOe aTMOC(bep}},OMY (p =P, = 100000 ITa). [Tpodurn
TIOASI CKOPOCTEH BO3AYIITHOTO ITOTOKa PaCCMaTPUBAETCs
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BO BxoAHOM (0-0) 1 BEIXOAHOM (1-1) ceueHUU KOPOTKOTO
A dysopa. AspopruHaMUYeCKOoe COIPOTUBAEHUE PaC-
CMaTpPUBAETCS Ha BCEM Ira30BOM (PUABTPE B IJEAOM.

AAd pacdeTa KOHCTPYKTHBHBIX IIapaMeTpOB KOH-
LeHTPUYeCKUX HAINPaBASIONINX, YyCTaHaBAMBAeMBIX
B IIPOTOYHYIO YacTh KOPOTKOro Auddy3opa, OBIA BHI-
IIOAHEH AMTEPATyPHBIM U IATEHTHBIM aHAAU3 Cylle-
CTBYIOIIUX METOAUK WH)XEHEPHOI'O pacdeTa KOPOTKUX
A dy3opoB. Ha ceropHAIIHUN AeHb H3BECTEH pPSA
MeTOAUK WMH’KEeHEpPHOTO pacdyeTa KOPOTKUX Auddyso-
POB KakK C HaANpPaBASIOUIUMU, TaK U O6e3 HUX. boablas
4acTh TAKUX METOAUK CBsI3aHa ¢ pacueToM Auddy30poB
TypOOKOMIIPECCOPOB, B IPOTOYHOMN YaCTU KOTOPHIX Ha-
NIPaBASIONIME, KAaK IIPABHUAO, OTCYTCTBYIOT. OTH METO-
AUKU AOCTATOYHO CAOJKHBI M, B OCHOBHOM, OIIUPAIOTCSI
Ha Pe3yABbTaThl 3KCIEePUMEHTAABHBIX HCCAEAOBAHUY,
YTO TPAKTUYECKU MCKAIOYAeT HMX MCIOAb30BaHHE B
APYTUX OOAACTSIX TeXHUKU. V3 peKoMeHAAIUM Mo pac-
4eTy IIPOTOYHOU 4aCTU KOPOTKUX AUPDY30poB oO1ero
Ha3HAUYEHUS C HANIPABASIONIMMHU M3BECTHHI paboTs! [10,
c. 282; 11]. IlpepcTaBAeHHBIE B HUX METOAUKH AOCTATOY-
HO IIPOCTHI, HO UMEIOT OTpaHUYeHHOe NIPUMeHeHne, T. K.
TIOAXOASAT TOABKO AAS TIANOCKHMX AUM(Y30pOB U NPHU yC-
AOBUH, YTO IPOQUAB IIOTOKA Hepep AUPPYy30pOM CUM-
MeTPUUYHLIN. [ToMUMO 3TOTO, U3BECTEH CIIOCOO pacueTa
IIPOTOYHOM 4aCTU KOPOTKOro AU py30pa ¢ KOHILEHTPU-
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Puc. 1. Cxema MOAEAU AASI BBIIOAHEHUS YNCAEHHBIX PacyeToB:

1 — BO3AYXO0BOA C TPOMHUKOM; 2 — KopoTKuii A dy3op; 3 — Koproyc;
4 — 3KBUBaAeHTHas IEPEropoAKa; 5 — BBIXOAHOM BO3AYX0BOA
Fig. 1. Diagram of the model for performing numerical calculations:

1 — duct with a tee; 2 — short diffuser; 3 — housing;

4 — equivalent partition; 5 — outlet duct
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Puc. 2. PacyeTHasi cxeMa K HH)K€HEPHOI MEeTOAMKE pacyeTa
Fig. 2. Calculation scheme to the engineering calculation technique
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YeCKMMM HampasasgiommuMmu [12],  ycTaHOBAEHHOTO
B TpPyOOIIDOBOAE C TIEeABIO BBEIPDABHUBAHUSA ITOTOKA
JKUAKOCTH, TpoTeKaromeld B HeM. OAHAaKO MeTOAMKA
UMeeT NPUBSA3KY K AlaMeTpy TPyOOIIPOBOAQ, U3-3a 4ero
KOpPOTKUM AUPDY30p He MOKeT ObITb pacCUUTaH Kak
CaMOCTOSITEABHBIN Y3€A.

Takum o00pasoM, CyYILIECTBYIOIIUE WH>KEHEpPHbIe
METOAMKHU pacyeTa KOPOTKHX AUMPY30pOB C HAIpas-
ASIOIIMMU UMEIOT OTPaHUYeHHOe IIpUMeHeHHne U He MO-
I'yT OBITh MCIIOAB30BAHBI AASI pacyeTa IPOTOYHOU YacTH
KOPOTKUX AUMPY30pOB ra30oBBIX (PUABTPOB, M3 4Yero
CcAeAyeT BBIBOA, UTO TpeOyeTcs: pa3padoTKa OPUTHHAAD-
HOU METOAUKU pacyeTa.

C meABIO ONpeAereHHsI KOHCTPYKTHBHBIX IlapaMe-
TPOB HAMNPABASIONMINX B NPOTOYHOU YaCTH KOPOTKUX
AU(DPY30pOB ra3oBeIX (DUABTPOB OblAA pa3paboTaHa
UH)KeHepHas MeToAUKa pacueTa. OHa IIO3BOASIET OIpe-
AEAUTH TaKoe papMaAbHOEe PacCTOSHUE MeKAY KOHIeH-
TPUYECKUMU HAMPABAAIONIUMU Ha BXOAE B AUDdY30D,
YTOOBI Ha BBIXOAE M3 HETO ITOAYYUTEH PABHOMEPHBIN IIPO-
(HUAB TOAS CKOPOCTEN IO BCeMy IIOIIePeUYHOMY CeUeHUTO
ra3oBOro IoToKa. PacueT BepeTcs ¢ y4€TOM HPOMUAS
TIOASI CKOPOCTEM ra30BOr0 IIOTOKA B KPYTAOM BO3AYXO-
BOA€E, KOTOPBIY, IPUMEHUTEALHO K pacCMaTpUBaeMoOMY
OOBEKTY (pHUC. 2), AT AAMHUHAPHOI'O pe’kKuMa TeYeHUS
COOTBeTCTBYyeT ypaBHeHuro [10, c. 149; 13, 14]

N’ (1)

i cp’ Rio

a AL TYPOYASHTHOTO — IMIIMPUIECKOMY YPaBHEHUIO

01

0,002 | Toi
Voi = Vep - Re N (2)
Ry
TA€ V,, — TeKylllee 3HaueHHe CKOPOCTH ITOTOKA Ha pa-

AMYCe IV, — CPEAHsS CKOPOCTh MOTOKA; Re — uncao
Peiinoabaca; R — BHYTPEHHUI PAARyC BO3AYXOBOAQ.

Pacuer reoMeTpuu HANPABASIONINX BEAETCS Ha
OCHOBe ypaBHEHUsI HEePA3PBIBHOCTU AAST OAHOMEPHOTO
TeUeHUsI HeC)KMMaeMOU >KUAKOCTH (pHUc. 2)

foi " Voicp = Fii * Viieps

foi+1) * Vo(irtep = fii41) * Vigit)ept 3)

=fin- Vinep

raAe VOiCp — CpeAHsIsI CKOPOCTE IIOTOKA Ha y4acCTKe, Oorpa-
HUYE€HHOM papAuyCcOM rOi' C IIAOHLIQABIO IIOIIEPEeYHOT'o
ceueHnusa fOi; VO — CpepHsidA CKOPOCTH ITOTOKA Ha

(i+1)cp
Y4acCTKe, OTPaHUYeHHOM papuycaMu IOi %8 IO[[+1)' C IIAO-
IIAABIO TIOIIEPEYHOI0 CeYeHUsd fO[i+1)' VOnCp — CpepHdadA

CKOPOCTEL IIOTOKa Ha Yy4YadcCTKe, OTPaHUY€HHOM pPaAWuy-
caMu TOn u RO’ C IIAOIIIAABIO IIOIIEPEYHOTI'0 CeYeHUd fn,
IIpru4yeM IIAOIIaAU IIOIIePpeYHOro cedyeHusi U COOTBeT-
CTBYIOIIMEe MM CpeAHNe CKOPOCTH Ha BXOAE B AI/I(p-

dy30p MOI'YyT U3MEHATHCSI fow fou+1;' e fOn — var, V.
Vou+1)ep' 1 Vonep — VAL @ TAOTIAAK TIOTIEPEYHOTO Ceve-

HHUS Ha BEIXOAE U3 AU Py30pa UMEIOT IOCTOSTHHOE 3Ha-
YeHHUe ¥ He PaBHBL APYT APYTY f, i) f,, — const,
B TO BpeMs KaK CpeAHUe CKOPOCTH Ha BBIXOAE U3 AUd-
dy3opa, COOTBETCTBYIOIIWE STUM IIAOLIAAIM, PaBHEI
MesKAY coboH Viep = Vigrne — = Vinep = Viep:
[TpeproskeHHAsT METOAMKA AOCTAQTOYHO IIPOCTA
B peaAmsaliy U IO03BOASIET UTEPAIMOHHBIM CIIOCOOOM
OIIPEAEAUTH MeOMETPUI0 KOHIIEHTPUYEeCKUX HallpaBAd-

IOIIUX Ha BXOAE B KOpoTKui pauddysop. OpHaKo npu

ee pa3paboTKe HaMOOABIINE CAOKHOCTU BO3HUKAU
B IIOAYYEHUM IPOCTOM 3aBUCUMOCTH AAS ITOCTPOEHUS
SIIOPBEl CKOPOCTEM B BO3AYXOBOAE Ilepep AuUddy3o-
POM AASI TypOYA€HTHOTO pe’KHMMa TedeHus. AHAaAU3 UC-
TouHUKOB [10, c. 172; 13, 14] moKa3an: AAST IOCTPOESHUSA
SMIOPHEI CKOPOCTEY TpeOyeTcs PeLIUTh CUCTeMy AUd-
epeHIInaAbHBIX YPABHEHUM, KaXKAO€ U3 KOTOPBIX OIU-
CBIBAeT OIPEACAEHHYIO 30HY TedeHHs (IPHUCTEeHHYIO,
IIEPEXOAHYIO, SIAPO IIOTOKA). BBepeHNe TakKoM CUCTEeMBL
B MH)KeHEePHYIO METOAUKY 3HaUUTEABHO YCAOKHHUAO OBl
ee IIpaKTUUeCcKoe IpuMeHeHue. TpeOyeMoe ypaBHeHHUe
OLINO TIOAYUEHO SMIUPHUUECKUM IIyTeM Ha OCHOBe aHa-
AM3a JMIOP CKOPOCTEH, MOAYIEHHBIX 9KCIIePUMEHTaAD-
HO, A Pa3AUYHBIX uriceA PefHOABACA.
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Puc. 3. ITpouau Noas CKOpocTeli raza B TYPOyA€HTHOM IIOTOKE,
MOAYyY€HHbIe SKCIIepIMEeHTaAbHbIM ITyTeM [15]:

1 —Re=510%2—Re=1-10% 3 — Re=1-10%

4 —Re=1-10% 5 — Re=510°
Fig. 3. Profiles of the velocity field of a gas in a turbulent flow,

obtained experimentally [15]:

1 —Re=510%2—Re=1-10% 3 — Re=1-10%
4 —Re=1-10% 5 — Re=510°
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Puc. 4. [Ipourn noas CKopocTeli raza B TYpOyA€HTHOM IIOTOKE,
MOAYYeHHbIe PACYeTHBIM IyTeM:

1 —Re=510%2—Re=110% 3 — Re=1-10%

4 —Re=110%5— Re=510°
Fig. 4. Profiles of the gas velocity field in a turbulent flow,
obtained by calculation:

1 —Re=510%2—Re=110% 3 — Re=1-10%

4 —Re=110%5— Re=510°



B xauecTBe UCXOAHOTO OBIAO B3SITO YPABHEHHE BUAQ
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TakuMm oOpa3oM, OCHOBHasI 3apada CBOAHAACH K
onpepereHuio KoadduimenToB n u k. [poduau mnoas
CKOPOCTEeM B 3aBUCUMOCTHU OT YucAa PeliHOABACA OBIAU
B34THI U3 [15] 1 IpeACcTaBAEHEl Ha puc. 3.

Anst mopbopa Kod(pUIIMEHTOB ObIA pas3paboTaH
AATOPUTM, peaAmusalusg KOTOPOTO T03BOAMAA HAUTHU
ONTUMaAbHOE 3HaueHue 3TUX KO3(EPUIIMEeHTOB, Hau-
Ooaee TTOAXOASIIEe AASI pacCMaTpUBaeMbIX umncea Peri-
HOABACA. B xoae mopbopa Ovin0 oAydeHO, uTo n = 0,002
u k = 0,1, m KoOHeUHOe ypaBHeEHHe AASL ITOCTPOEHUS
IPOMUAS IIOAST CKOPOCTEH IPU TYPOYAEHTHOM peskKuMe
TedeHUs IPUHSIAO BUA YPaBHeHUS (2).

Ha puc. 4 npeapcTaBAeHBI TIPOMUAM TTOAST CKOPOCTEH
B 3aBUCUMOCTHU OT YMCAa PeHOABACA, TOCTPOEHHEBIE TIO
ypaBHeHUIO (2). Ha AaHHOM pHCyHKe IOAy4YeHHEBIe IIPO-
(pUAN HaAAOXKEHBI Ha JKCIepUMeHTaAbHble IIPOMUAU
TIOASI CKOPOCTEH C IIeAbIO CPaBHEHUSI Pe3yALTaTOB.

CpaBHUBas NOAyUeHHBIE Pe3yABTAThl, MOJKHO OTMe-
TUTb WX YAOBAETBOPUTEABHYIO CXOAUMOCTDH, 4TO T'OBO-
PUT O AOCTATOYHO TOYHOM ITOAOOpPEe KOIPPUITUEHTOB.
PacxoxpeHue B pe3yabTaTax NPU 3TOM He IIPEBBICHUAO
4,6 %. TakuMm oOpa3oM, HOAyUYeHHOe ypaBHeHUe (2)
MOJKeT UCIIOAB30BATLCS B AAABHEUIIeM B UH>XKEHEepHOU
MeTOAUKE pacyeTa.

Mu>keHepHast MeETOAWKA pacyeTa HAIPaBASIOIIAX
B IIPOTOYHOM YaCTU KOPOTKUX ANQP(PY30pOB ra3oBBIX
(PUABTPOB BKAIOUAET CACAYIOLIYE STAIIbL:

1. 3apaeTcs MAU pacCUYUTHIBAETCS 3HaUeHMe CpeAHel
CKOPOCTH IIOTOKA V, Ha BXOAE B BO3AYXOBOA,

2. [To uMeromIuMCcs 3HAaUYEHUSIM BXOAHOTO RO 1 BBI-
XOAHOTO R papmycoB KOpOTKOro Auddysopa ompeae-
ASIETCSI CPEAHSISI CKOPOCTh IIOTOKA B BEIXOAHOM CeYeHUU
KOpOTKoro aAuddysopa V) p IO COOTHOIICHHIO:

2
Vep * R

e )

v =
1c R
Y 1

3.Tlo ypaBHeHuto (1) mam (2), B 3aBUCUMOCTU OT
pe’kuMa Te4eHHUsI TIOTOKA, CTPOUTCS MPOMUADL TTOAS CKO-
POCTEeH IOTOKA B BO3AYXOBOAE ITepea KOPOTKUM ANDdy-
30POM.

4. 3apar0TCd PAAUyChl KOHIIEHTPUYECKUX Halpas-
ASIFOLIMX Ha BXOAE U BEIXOAE KOPOTKOro Auddysopa r,
Toernyr o Top BTy Ty e oo T ITpeaBapUTEABHO MOKHO
3aAaTh OAMHAKOBBIN PAAMAABHBIN 3a30P MEJKAY HUMH.

5. OnpepeAstoTCsT TIAOIIAAM COOTBETCTBYIOIIUX Ce-
YeHUU Ha BXOAE fOi' fO(M), e fOn U BBIXOAE f“, f1(1'+1>’ e
f, , KOpoTKOro Auddysopa.

6. HaxopaTcsa MeCcTHBIE CpeAHUe CKOPOCTH IOTOKa

Voiep' Vo(i+ 1)ep' " Vonept TPHXOAAIIHECS HA COOTBETCTBYIO-
e y4acTKu foﬂ fou+1)' ey fOn'

7. I'locAe TOACTAHOBKY BCeX 3HAUEHUN IPOBEPSIETCI
BBIIIOAHEHUE YCAOBHUA (3).

8. [Ipu HEeBEIIOAHEHUM YCAOBUS HU3MEHGIOTCS 3Ha-
YeHUs PAaAUYCOB HAIIPABAFIOIINX Ha BXOAe B KOPOTKUU
Auddysop 1, Tyisry + Tp, M TPUMEHUTEABHO K BXOA-
HOMY CeYeHHIO KOPOTKOro AUM@dy30opa MOBTOPSIOTCS
nm. 5—6, 3aTeM CHOBa NIPOBePSIeTC BEIIOAHEHHE YCAO-
Bu4 (3).

9. [NepecueT HEOOXOAWMO BBIIOAHSTH AO TeX IIOD,
IIOKa He BBIOAHHUTCSI YCAOBHe (3), IIOCAe Yero pacder
MO>KHO CYATATh OKOHYEHHBIM.
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Puc. 5. CKu3 KOHCTPYKIMHU KOHIIEHTPUYECKNX HallpaBASIOIUX
AASI KOPOTKOro Auddy3opa HCCAEAYyeMOro ra3oBoro puAbTpa
Fig. 5. Sketch of the construction of concentric guides
for the short diffuser of the gas filter

IMpeaproskeHHAs METOAUKA MOJKET MIPUMEHSITHCS AAS
pacuera KOHCTPYKTUBHBIX IIapaMeTpPOB HAIPABASIO-
IIUX B IIPOTOYHOM Y4aCTU KOPOTKUX AUMDPY30pPOB IpU
Ar060M popme TPOoPUAS TeueHUsT. AAS TTPeACTaBAEHHO-
TO UCCAEAOBAHUS PacueT KOHCTPYKIIUMU HAIIPABASIONINAX
OBIA BBIIIOAHEH Ha OCHOBE MPOUAEH TOAST CKOPOCTEH,
IIOCTPOEHHBLIX IIO0 pe3yAbTaTaM UYHCA€HHBIX PacueToB
U INOATBEPIKAEHHBIX 9KCIIEPUMEHTAABHBIMU U3MEPEHU-
AMU. DCKHU3 KOHCTPYKIIMU KOHIIEHTPUYECKUX HalpaB-
ASIIOLIUX AASL KOPOTKOTO A dy30pa C papAuyCcoOM BXOA-
HOT'O CeUYeHUsT R0 = 56 MM U BBIXOAHOTO — R1 = 140 mm
IIpeACTaBAE€H Ha PHUC. 5.

Pe3yABTaTbI 3KCII€EPNMMEHTOB

AAST IPOBEAEHUsT DKCIIEPUMEHTAABHBIX HCCAEAOBa-
HUM Ha Oa3e razoBOro (UAbBTpPa C KOPOTKUM AU dy30-
poM OBIA pa3paboTaH U CKOHCTPYUPOBAH JKCIIepUMeH-
TaABHBIM CTeHA (puc. 6) ¢ reoMeTrpuel, aHAAOTUYHOU
YUCACHHON MOAEAH.

B xope mpoOBepAeHUsT SKCIIePUMEHTAABHBIX UCCAEAO-
BaHUM B BO3AYXOBOA 1 BO3AyXoayBKOU Tuna Pyrc (Ha
cxeMe He ITOKa3aHa) MOAABAACS BO3AYX C 3aAaHHOU TeM-
nnepaTrypou t, paBaeHHeM P U 0OBbeMHBEIM PacxopoM Q,
obecmneunBaloOmUM TpeOyeMoe 3HaueHUe B AUalla3oHe
oT 1 po 5 M/c. O6BbEeMHBIN PacXop IIOTOKA U, COOTBET-
CTBEHHO, €T0 CKOPOCTh ch PEeryAupOBaAMChH U3MEHEeHUEeM
YacTOTHI BPAIEHUS JAEKTPOABUTATEAST BO3AYXOAYBKH.
M3 BO3AYyXOBOAQ IIOTOK IOCTYIIAA B Ta30BBIM (DUABTP,
IIPOXOASl IIOOYEPeAHO dYepe3 KOPOTKHM AuUddy30p
2 n Kopmyc 3 ¢ GUABTPYIOLIUM S9A€MEeHTOM 4, TIOCAe Yero
IIOKUAQA €TO Yepe3 BBIXOAHOU BO3AYXOBOA O C IIOCAEAY-
IOLIMM BBIXOAOM B aTMocepy. MeToArKa 3KCIIepUMeH-
TaABHOTO MCCAEAOBAHMS IIOApPa3yMeBara OINPeAeAeHTe
IPOMUAS TTOASI CKOPOCTEH B BO3AYXOBOAE ITepea KOPOT-
KM AUDDY30pOM U B BEIXOAHOM CeUeHUH KOPOTKOTO
Anddy30opa, a TakKe a3pOAMHAMUYECKOTO COIIPOTUBAE-
HUS Ha Ta30BOM puAbTpe. OmpepereHne TPOPUAS TTIOAT
CKOPOCTEMN OCYILIECTBASIAOCH C IIOMOIIBIO TPYOOK IIOA-
HOTO AABAEHUS], YCTAHOBAEHHBIX B BO3AYXOBOAE TIEpep
KopoTKuM puddysopom (ceuenHue 0-0), a Takke B ca-
MOM (PUABTPE 3a KOPOTKUM AUPDYy30poM (ceueHue 1-1).
AspopuHaMHYeCKOe COIIPOTUBAEHME ra30BoTo (pUABTPa
OIIPEAEASIAOCH KaK Pa3HOCTb AABACHUM Ilepep PUABTPOM
U 1ocAe (PUABTPE, U3MepeHHas C IIOMOIILIO TepeAHero
7 U 3apHeEro 8 YCPeApHSIOIMUX YCTPOUCTB COOTBET-
CTBeHHO. Pa3HOCTE A@BAEHUH WU3MepsAach MUQMPOBBEIM
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Puc. 6. DkcnepuMeHTaABHBINA CTEHA AASI IPOBEAEHHS Fa30AMHaMIYeCKUX
HCCAEAOBaHUI ra30Boro GUAbBTpPa ¢ KOPOTKUM Auddy3opom:
1 — BO3AYXOBOA C TPOMHUKOM; 2 — KOpOoTKHii Auddy3op; 3 — Kopoyc;
4 — GUABTPYIOLINIT SA€MEHT; 5 — BBIXOAHOI BO3AYXO0BOA;
6 — TPyOKU IIOAHOTO AABAEHUS;
7 — IepeAHee yCpeAHsIOLee AaBAeHUe YCTPOICTBO;
8 — 3aAHee ycpeAHSIOLIee AaBAeHUEe YCTPOICTBO;
9 — nudposoii AuddepeHTaABHBI MAHOMETP
Fig. 6. Experimental stand for gas dynamic studies
of a gas filter with a short diffuser:
1 — duct with a tee; 2 — short diffuser; 3 — housing; 4 — filter element;
5 — outlet duct; 6 — full pressure pipes; 7 — front averaging device;
8 — rear averaging device; 9 — digital differential pressure gauge
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Puc. 7. Buzyaan3zanus IoAsi CKOpOCTeH IOToKa
B IIONIEPEYHOM CE€YE€HUH BO3AYXOBOAA
nepe; KOpoTKuM A dYy30poM IOCAE TPOIHUKA
IIpH CPeAHEeN CKOPOCTH ITOTOKa 3 M/ C
Fig. 7. Visualization of the field of flow velocities
in the cross-section of the duct before
the short diffuser after the tee
with an average flow velocity of 3 m/s

AU depeHIMarbHEIM Ma@HOMETPOM 9, MOAKAIOYEHHBIM
K YCPeAHSOIIUM yCTPOUCTBAM.

OO0cy>KkAeHHe SKCIIEPUMEHTOB

[To pesyabTaTaM UYMCAEHHBIX HCCAEAOBAHUMN OBIAO
YCT@HOBAEHO, UYTO IIOCAE TPOMHUKA II0 IPUYNHE BUXpe-
006pa3oBaHUN SAPO IIOTOKA CMeIlaeTcs OT IleHTpa
K nepudepuu (puc. 7), u OpodUAb MIOAT CKOPOCTEU
IIOTOKA UMeeT BBIPpa’KeHHbIH HeCUMMETPUYHLIN Xapak-
Tep. OCHOBHBIE PE3YABTATEI YNCAEHHBIX PACUETOB IIPEA-
CTaBAEHHBI Ha puc. 7 —8.

AHanm3 pe3yAbTaTOB UYNCAEHHBIX HCCAEAOBaHUHU
IIOKas3aA, 4YTO YCTAHOBKA KOHIIEHTPUYECKHX HaIpas-
ASIOIIMX B IIPOTOYHOM YacTU KOPOTKOTO AU dy3opa
[IO3BOASIET YMEHBIIUTH HEPAaBHOMEPHOCTH IIPOQUAS
IIOASI CKOPOCTEH Ha BBIXOAE M3 HETO M CHU3UTH a3POAU-
HaMUYeCcKoe CONIPOTUBAEHUE (PUABTPA B I[eAOM IO CPaB-
HEHUIO C BapuaHTOM pAuddy3opa 6e3 HallpaBASIOIIUX.

OCHOBHEIE Pe3yABTAThHI DKCIIEPUMEHTAABHBIX HCCAe-
AOBaHUM NIPUBEAEHBI Ha puc. 9.

BBIBOABI U 3dKAIOYEeHUe

AHanmM3 pe3yAbTaTOB 9KCIIEePUMEHTAABHBIX UCCAEA0-
BaHUU ITO3BOAUA CACAAQTEH CAEAYIOIIEe BEIBOABL:

1. B pe3yabTaTe IpOXO>KAEHUS IOTOKA Yepe3 TPOM-
HUK IIepej KOPOTKUM AU Py30poM HaOAIOAQETCS aCUM-
METPUYHOCTh IIOTOKA OTHOCUTEABHO IIPOAOABHOM OcCu
BO3AYXOBOAA. [Ipu 3TOM IHOTOK CMellaeTcsl IpeuMy-
IIECTBEHHO K CTEHKEe, IPOTUBOIOAOKHONU OOKOBOMY
YIaCTKY BO3AYXOBOAQ, IIOABOASIIEMY IIOTOK K MECTHOMY
COIIPOTUBAEHUIO.

2. M3-3a acUMMETPUYHOCTU IIOTOKa Ha BXOAE
B KOPOTKUU AUDPY30p IPOMUABL IIOAS CKOPOCTEM Ha
BBIXOAE M3 Hero MMeeT SPKO BHIPa’KeHHYIO HepaBHO-
MEPHOCTD C BEICOKMMHU 3HaUeHUSIMHU AOKAABHBIX CKOPO-
CTel OTHOCUTEABHO CPeAHeM CKOPOCTH MOTOKa (puc. 9).
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Puc. 8. IIpohuas IOASI CKOPOCTEl Ha BBIXOAE N3 KOPOTKOTO
Auddy3opa npu cpepHeit CKOPOCTH OTOKa 3 M/ ¢ (BBepXy)
H a’poAMHaAMHYeCKoe CONMPOTUBAEHHe ra30Boro puAbTpa
¢ KOpoTKUM Audy30poM (BHH3Y) AAS:

1 — Auddy3opa 6e3 HaNIPaBASIIOUINX;

2 — puddysopa c HaIpaBASIOIUMHI
Fig. 8. Profile of the velocity field at the exit from the short
diffuser at an average flow velocity of 3 m/s (top)
and the aerodynamic resistance of the gas filter
with a short diffuser (bottom) for:

1 — diffuser without guides;

2 — diffuser with guides

Kak nmokaszaau paHee IpoBeAeHHBIE NCCAEAOBAHHUS, 3TO
MOKeT OTPHUIIaTeABLHO OTPa3UTLCS Ha XapaKTepUCTHUKaxX
Ta30BBLIX (DUABTPOB C TOUKH 3PEHUST KDUTEPHUEB ra30AU-
HaMU4YeCcKoU 3(PpPeKTUBHOCTH.

3. YcTaHOBKA KOHIIEHTPUYECKUX HAINPaBASIOMINX
B IIPOTOYHOM YaCTU KOPOTKUX AUPDY30POB, FeOMETPUS
KOTOPBIX pacCcuuTaHa Ha OCHOBAHUM aHaAW3a NPOMUAS
IOAd CKOpOCTel Ilepep AUPEDY30pOM C HCIOAB30Ba-
HUEeM Pe3yAbTaTOB YWCAEHHBIX pacdyeToB, ITO3BOASET
TIOAYYUTh AOCTATOYHO PABHOMEDHBIM NPO(UAB IOAS
CKOpPOCTeM IIOTOKA B BBIXOAHOM CeYeHUH KOPOTKOIO
puddysopa. ITo AokasbiBaeT 3(pheKTUBHOCTE HallpaB-
ASIOMIMX IPYU HAaAWYHUM aCCUMEeTPUYHOTO XapaKTepa Io-
TOKa BCAGACTBHE €Tro 3aBUXPEHUS B TPOUHUKE.

4. 3HaUeHVs a’POAMHAMUYECKOTO COIPOTHBAEHUS,
TOAyYEeHHBIe JKCIepUMeHTaAbHBIM IIyTeM (puc. 9),
HECKOABKO BBIIle pacyeTHBIX 3HaueHuu (puc. 8),
OAHAKO OOIllasi MOAOKUTEeAbHass TeHACHIUS IIPU 9TOM
COXpaHseTcs, @ UMeHHO: IOTepU A@BAEHUS B IIPOTOU-
HOM 4aCTHU ra3oBOro (GUAbBTPA C KOPOTKUM AU DY30poM
U HEepaBHOMEPHBIMM KOHIIEHTPUYECKVUMM HalpPaBASIO-
IIUMU 3HAUUTEABHO HUJKe, YeM IIPU OTCYTCTBUU TaKoO-
BBIX, HECMOTPSI HA HECKOABKO OOABIIINE IIOTEPH Ha Tpe-
HUe O HallpaBASIONINe.

Takum oOpasoM, IpUMeHeHHe HepPaBHOMEPHBIX
KOHIIEHTPUUECKNX HAMPaBASIONINX B IIPOTOYHON dac-
TH KOPOTKOro Aud@dysopa IO3BOASIET IMOBBEICUTE 3(-
(PEeKTUBHOCTH PabOTHI Ta30BhIX (PUABTPOB IIPU padboTe
B 3aBUXPEHHOM IIOTOKe IIPU YCTaHOBKE IIOCA€ MEeCTHOTO
CONIPOTUBAEHUS B BUAE TPOUHUKA.
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Puc. 9. [Tpohuab oA CKOPOCTEH Ha BBIXOAE U3 KOPOTKOTO
Auddy3opa Ipu cpepHeil CKOPOCTH ITOToKa 3 M/ ¢ (BBepxy)
M a’pOAMHaAMHYeCcKoe CONPOTUBAEHNE ra3oBoro (huabTpa
C KOPOTKUM Auddy30poM (BHHU3Y) AAS:

1 — Anddy3opa 6e3 HaTpaBASIONIUX;

2 — puddy3opa ¢ HalpaBASOIMMHA
Fig. 9. Profile of the velocity field at the exit from the short
diffuser at an average flow velocity of 3 m/s (top)
and aerodynamic resistance of the gas filter
with a short diffuser (bottom) for:

1 — diffuser without guides;

2 — diffuser with guides
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THE INCREASE IN GAS-DYNAMIC EFFICIENCY OF FILTERS
WITH SHORT DIFFUSER WHEN OPERATING IN SWIRLING FLOW

N. Yu. Fil'kin, V. L. Yusha, A. A. Kapelyukhovskaya

Omsk State Technical University,
Russia, Omsk, Mira Ave., 11, 644050

The article is devoted to the problem of increasing the gas dynamic efficiency of gas filters with a short
diffuser when working in a swirling flow, the perturbation of which is caused by the presence of local
resistance. To increase the gas dynamic efficiency, installation of a concentric guides in the flowing part of
the short diffuser is suggested, as well as an engineering technique for calculating such guides. Numerical
and experimental studies of the gas filter are carried out when working in a stream swirling by means of
a tee, with the installation and without the installation of a concentric guides in a flowing part, comparative
results of the studies are presented. Based on the results of the research, the efficiency of concentric guides
in the conditions of a swirling flow is confirmed, and the gas-dynamic efficiency of the gas filter is improved
in comparison with the version without the installation of guides in the flowing part of the short diffuser.

Keywords: gas filter, short diffuser, gas dynamic efficiency, swirling flow, concentric guides, velocity field

profile, aerodynamic resistance.
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