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*0 BEHTUNALIA TA KOHOAULIFOBAHHA NOBITPA

YK 629.113.06 : 628.83 O. T. Bo3usik, kand. mexH. HayK, Ooyen

HauioHansHHit yHiBEpCHTET
“JIpBiBChbKa MoJHiTeXHika™

OCOBNUBOCTI 3BOPOTHOIO NOTOKY NPU NOAAYHI
noBIiTPY NN1OCKUMU HACTUNIBHUMUN CTPYMUHAMU

SIk BiioMO, Di3HYHMIA CTaH MOBITPAHOTO CEpPeIOBHILA B TEXHOJIOTIY-
HHUX NPUMILIEHHSIX XapaKTepH3YeTbCsl TAKMMH TapaMeTpaMH, K Temrie-
partypa, BOJOTOBMICT, INBHIKICTb PYXY noni’rpn LIYM, 3aluJIeHIiCTh, 3a-
naxu Ta id. B po6ouii (o6cnyr03yBaHm) 30HI TaKUX l’IpPlMlLlleHb MaloTh
3abesneuyBaTych HOPMOBAHI NMApaMeTPH BHYTPILIHLOrO nosiTps, OCKi-
JIbKW Bijl TOrO, HACKiJIbKU camrapuo Tiri€HIYHI MapaMeTpd MiKpOKJIi-
MaTy TEeXHOJIOTIYHHX IPUMIILEHb BiAMOBIZAIOTh (i3i0NOriYHUM MOTpe-
OaM NMIOOMHKM 3aNEXUTh, B 3HAYHIN Mipi, 11 310pOB’S i Mpaue3gaTHICTD.
YMoBu xoMopTy nepefoBCiM BHU3HAYAIOTHCS TEMIIEPATYPOIO NOBITPS
Ta fioro weuakicTio pyxy. Ili BenvunuHM MiATPUMYIOThCA 3aco0aMu BEH-
THJIALIHHOI TeXHIKM i 3aMexaTth Bifi MPUHHATOI OpraHisatlii noBiTpoo6-
MiHY Ta cxeMH NoBiTpopo3nofiny. Ilpu nsomy poboua 30Ha 3HAXOIH-
ThCS SK Y PAMOMY, TaK i B 3BOPOTHOMY MOTOLI MPUIIIMBHOT CTPYMHHU.
CykymnHicTh BKa3aHMX (akTOpPiB BH3HAYAE XapaKTep MOBITPSIHUX MO~
TOKIB T2 PO3BUTKY BEHTUJIALIHUX CTPYMUH Y NpUMiteHHi [1-6].

BaxIMBiCTh BpaxyBaHHS BIUIMBY 30ypeHHS MOBITPSHUX IOTOKIB, ¥
3B’43KYy 3 HaABHICTIO TEXHOJIOTIYHOTO 0bJjiagHaHHs Ta 06CIyroBy40ro
nepcoHasy B MPHMILLEHHI Ha LUBUAKICHI IOJIA MOBITPAHHUX MMOTOKIB Ta ix
ocobmBocTi gocmimkeHo B [1-6]. ¥ Takux yMoBax HeoGxizHO 3a6e3ne-
4yBaTH OCTATHbO BEJMKY AayieKoOiitHiCTh NpUnIMBHOI cTpyMuHH. On-
HUM i3 3acobiB 36inbureHHs ii ganekobiitHOCTI € 3acTocyBaHHA edexTy
Koanpga, To06To HacTMIaHHA CTPYMHMHH HA BHYTPIilLlHi OBEPXHi CTiH abo
creni [1]. Kpim 36inblueHHs nanekoGiifHOCTI, ABHMINE HACTUJIAHHA CTPY-
MHMHH Ha CTeNlo BIUIMBAE HA rojie Tedii, Ha PO3IIMpeHsl CTPYMHHH, Ha
MIPOLIECH MiaMIlIyBaHHA i MOracaHHs WBUAKOCTI B CTpyMuHi. Tomy Haii-
paLioOHaNBHIIIO CXEMOI0 HOBITPOPO3MOAUTYy y BHIAAKY 3 HafBHICTIO
TEXHOJIOTIYHOTO 06JIaqHaHHA Ta 06C/YrOBYIOYOTO NEPCOHAy y BUpof
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HUYOMY MPUMILIEHHI 3 MAJIOI0 BUCOTOIO € 3aCTOCYBaHHA Crioco0y noaayi
noBiTps B pobovy 30HYy HACTHIbBHMMH cTpyMMHamu. IIpu upomy
JIOLINIbHO 3aMpPONOHYBATH 3aCTOCYBAHHS MOBITPOPO3NOAINIOBAYIB 3 Be-
JIMKOIO iHTEHCHBHICTIO MOTACaHHA LIBUAKOCTI i TEMIEPATyPH MPHIUIKB-
HOro noBiTps, TOO6TO NpHCTPOiB, ski 3a0e3neuyioTb iHTEHCHUBHE Iie-
peMilllyBaHHS NIPUIUIMBHOTO MOBITPSA 3 HABKOJHIIHIM [1].
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Puc. 1. Cxema excriepuMeHTaIbHOTO CTEHY:
1 — Haca oK 3 MUIOCKOIO NOBITPOBUIYCKHOIO IUIHHOIO; 2 — MOBITPONpPOBiT;
3 - xondy30p; 4 —~ KOOPAMHATHHUK; 5 — BUTAXKHHIA OTBIp; 6 — TexHONOriIYHE
obmamHanHs; 7 - oOCIYTORYyIoYHii nepconal

"W

Huni icHy€ 3HaYHa KiJbKiCTh Pi3HOMAHITHHX KOHCTPYKIiii MOBITPO-
pO3NOAITIOBAYIB Ta CXEM PO3Jayi MPUIUIMBHOTO MOBITPSA SK Y BEPXHIO,
Tak i B po6ouy 30HY npuMmilieHs [4; 5; 6], e BUkopucroByeThes edexT
HACTHJIAHHS CTPYMMH Ha BHYTPillIHi MOBEPXHi CTiH abo cTel, o € J0C-
TaTHBO PO3MOBCIOKEHUM ABHIIEM Y BEHTUNALIIHHIN TexHIILi.

VY wifi cTaTTi pO3TNAAAETHCH 30CEPEAKEHUIH NPUMIIHB HACTUIIbHUMH
Ha BHYTPILUHIO MOBEPXHIO CTeJi MIOCKUMH OXOJIOMKEHUMH CTPYMHHA-
MH. IToBITPOPO3NOAINEHUKOM CITYAKHTh PO3MILLEHHH Mil cTenero (pHc. 1)

NPUCTPifl 3 NMPIMOKYTHHUM I[UJIHHHUM OTBOPOM i3 CNiBBiAHOLIEHHAM
CTOpiH He MeHInM 3a 1:15 [1;2].
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XapakTepHO10 OCOBJIMBICTIO TAKO1 CXEMH MOBITPOPO3NOIULY € NEB-
He oOMexxeHHs MPOCTOpY Ui PO3BUTKY MPAMOro Ta 3BOPOTHOTO MOTOKY
NOBITPAHOI CTPYMHHH CTIHAMH, CTeJIEIO Ta MiUIOro0 NMPUMiLIleHHs, a Ta-
KOX TEXHOJIOTiYHHM OOJIaiHaHHAM Ta 0OCIYrOBYIOYHM MEPCOHAJIOM, IO
CTBOPIOE TaK 3BaHe “CTHCHEHHN” TPHIUIMBHOI CTpyMHHH. IloBiTpaHmii
NOTIK, PyXalouHCh B 06MEXEHOMY NMPOCTOpPi HLOro MPHUMILIEHHSA, TOOTO
y “CTHCHEHHX” yMoBax, GOpMye IUIOCKY CTHCHEHY CTPYMHMHY i Haaxo-
IIUTb B oﬁcnyronynaﬂy 30HY.
Y uifi craTTi po3rnsnaETbCA IIIOCKA HACTHIIbHA CTPYMHHa, WO
CTIPSMOBY€ETLCS B3JI0BX BUPOOHMYOro MPHMILLIEHHS MaJIol BUCOTH MPH
HasiBHOCTi TEXHOJIOTiYHOTO 06J1aiHaHHA Ta 06CIYrOBYIOYOro NEPCOHATY
3a TYNMKOBOIO CXEMOIO, B fKifi BUTS)XXHHH OTBip PO3MIlLEHHI B TiH XKe
TUIOLMHI, IO i NnpunauBHKUi (auB. puc. 1). Ilpn ubomy obcyrosyBana
30Ha, A€ 3HAXOMATbCA JIIOAH, OMHBAETbCA iHAYKOBAHOIO CTPYMHHOIO
3BOPOTHOrO NMOTOKY. Y 3B’43KYy 3 LM BEJIMKOTO 3Ha4YeHHA HaOyBae€ M-
TAHHA BHUABJIEHHA 3aKOHOMIPHOCTE#l pPyXy NOBiTpsA Y 3BOPOTHOMY IOTO-
ui. OcHOBHA yBara TyT NpHJiJIeHa caMe JOCTIIKEHHIO 3aKOHOMIPHOCTei
PO3BUTKY NOBITPAHOI MPUIUIMBHOI CTPYMHHH Y 3BOPOTHOMY TTOTOLIi.
Meta po60TH — ROCTIKEHHS XapaKTepy PO3MOBCIOMKEHHSA MIOCKHUX
HaCTHIBHUX CTPYMHH B OOMEXEHOMY NMpOCTOpPi BUPOOHHYOIrO NpHMi-
LIEHHA MaJIOi BUCOTH 3 HasBHICTIO B HbOMY TEXHOJIOTIYHOro oOJagHaH-
Hsl Ta 0OCNYroBy104Oro nepcoHaly, BUSBJIEHHA 3aKOHOMipHOCTel po3-
BHTKY MOBITPAHOI NMPHUIUIMBHOI CTPYMHHH Y 3BOPOTHOMY MOTOWI Ta
OOTPYHTYBaHHA METOAHKH PO3PAXYHKY.
OckinbKkH cy4acHi AoCikeHHs 6a3yl0ThCs HA BUABJICHHI eMITipHY-
HHX 3aKOHOMIPHOCTEH CTpYMUHHUX Tediii [1], To came et crioci6 6yB 3a-
CTOCOBAHHM Y I1iit CTATTI.
ExcnepHMeHTalIbHI AOCITIKEHHA NPOBOAMWINCH B HATYPHUX YMOBaxX
Ha CTEHI|, CXeMa KOTO MpPEACTaBJieHa Ha pHUC. |, MpH TakuX yMOBax Ta
CMPOLLEHHAX:
— MJIOCKA CTPYMHUHA € 130TEPMiYHOIO;
— KOe(iLlieHT MOracaHHs IBUAKOCTI MPUIUIMBHUX HACaAOK 3 IUIO-
CKMMM MOBITPOBHITYCKHHMH LI(iIIMHAMH CTAHOBHMB m = 2,5;

— WIMPHHA WUMHHOTO OTBOPY 3MiHIOBaNACh i craHoBHIA: [, = 300 MM;
1, =450 mm; [, = 600 Mm;

- BUCOTa ILiINIKWHY Oyia 3MiHHOWO, a came: b, = 20 Mm; b, = 30 MM;
b, = 40 mm;

~ BUTpaTa NOBITPAHOro MOTOKY L, 3MiHIOBaNach i cTaHoBMia: L =

=900 m3/ron; L, = 700 m3/ron; L3 = 500 m3/rox; Ls = 300 M3/ron;

-~ MOYaTKOBA LIBHAKICTb MOBITPA NPH BUTIKAHHI 3 MPUIUIMBHOTO Ha-

cajaka 3Haxoaunacsa B Mexax: V= 5-15 m/c;



— WBHAKICTb MOBITPA Y 3BOPOTHOMY IMOTOLI pO3INsAaiacs Ha Bil-
MmitTi A = 1,5 M i Oyna npeacraBneHa y BiZHOCHOMY BMIJIAAI

V=Vu[V,
— BEJIMYMHA ¥ 3aNeXUTh BiJf ABOX BiJHOCHHX KOOpAMHAT X = x/I i
y= (y — Py )/(B—yep) , i€ X i y — no3aoBxHa i nonepeyna 6ixydi

KOOPAUHATH, M; [ — NOBXHHA NPUMILLIEHHS, M; B i Vp — BiANOBIA-
HO HaniBIUMPHHA NPUMILUEHHS | CTPYMHUHH B IPSMOMY ITOTOL, M;
— TOuYKH Oing CTiHM, AKi HE 3HAXOHATbCA Yy MMOrPAHHYHOMY Luapi,

YMOBHO BBaXKQJIHCS 3 KOOPAHHATOKW y =1,

IHIBuaxocTi i TemMnepatypu pyxy MOBITPA BUMIPIOBAJIHCh TEPMO-
enexrpoaHeMoMeTpoM TA-9. IIIBuaKOCTI NMOBITPAHOTO MOTOKY, 11O IIe-
PEBHILYBANH 5 M/C, BUMIPIOBAJIMCh MiKpPOMaHOMETPOM 3 MHEBMOMET-
puyHoo Tpybkoro [Tito-IIpanarns. 3aMipy IIBUAKOCTENH PyXy MOBITPS B
PO3PaxXyHKOBHX TOYKAxX 3HiIHCHIOBAJIUCA 3 BUKOPHCTAHHAM KOOpAMHAT-
HMKA i3 CITKOIO TOYOK 5X 5 ¢M y I’TH nonepedyHux nepepizax. ¥ xoxi
EKCIIEPHMEHTANBHUX JOCIi/KeHb OyNM BH3HAYEHi I'PaHHIi MPHIIMBHOL
CTPYMMHH B 30Hi ii NPSMOTO Ta 3BOPOTHOI'O MOTOKY.

Ba3sylouncs Ha ekcriepUMEHTaNbHUX JOCHIIKEHHIX po3aayi MOBITPA
B NPUMiLUEHHSAX, HABEAEMO BiIHOCHI LIBUAKOCTI PyXy IMOBITPs y 3BOPOT-
HOMy noToui B TabnuyHid ¢opmi (Tabn. 1), a Takox y BUIJISAAI HOMO-
rpaMu — (puc. 2), To6To npeacTaBUMo JBOGAKTOPHY (PYHKLIOHANbHY 3a-

JIEXHICTD I7=f(f; ;),u,e I7=V3ﬁ/Vo .

Tabnuys 1
Bianocwi wenakocti y 3sopotHomy notori ¥ (x1073)

o W 0 02 0,4 0.6 0,8 1,0
y

0 13 17 25 40 30 18

0,25 20 30 42 55 45 30

0,5 10 12 15 20 18 15

0,75 8 10 12 15 13 12

1,0 7 8 10 12 11 10

Ha puc. 2 npencrasieHa rpadiyHa 3ajexHictsb V= f(&; y) 3a na-

HMMH €KCNEPUMEHTAJIbHUX HATYPHHX MAOCIIIKeHb XapakTepy 3MiHH
BIJHOCHOI IIBHUAKOCTI y 3BOPOTHOMY MOTOLi NPH PO3BUTKY IMJIOCKOT Ha-
CTHUJIbHOI CTUCHEHOI CTPYMHHH B TEXHOJIOTiYHOMY ITPUMILIEHHI.
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I'pagiuny 3anexHicTy (puc. 2) AOUINBHO anPOKCHMMYBATH ITOJIHO-

MianbHolo 3anexHicTio (1):
— m n . .
—i —i
V=3 Ya;yx,
ol

{0 BHPAXAETLCA TAKUM YHHOM!
¥ =(1022+2145 73528 72 + (88,64 +13,46 159,68 72 )- ¥ —
—(r6.41+5627-13392 72)-72) 1077,

7 o4
60
50 /*\
40

y=0,25
30

0
20 05

0,75
10

X 1,0
0 | .z
0 0,2 0.4 0,6 0.8 1

U)

2

Puc. 2. Homorpama /1% BU3HAYEHHS BIIHOCHHX LIBMAKOCTEH y 3BOPOTHOMY MOTOM



Crnin Bim3Ha4YMTH, WO IS BH3HAYEHHS 1OYATKOBOI WIBMAKOCTI V,
HEOOXi/IHO 3HATH BEUYHHY CaMe MaKCHMaJIbHOI BIJHOCHOI LUBMAKOCTI y

3BOPOTHOMY MOTOUI Vmax. g 1bOro, B CBOIO 4epry, NOTPiGHO
mocnigata V — (GyHKLiIO Ha eKCTpeMyM, HeoOXiiHi yMOBM SKOTO TaKi:
KO GYHKLIA V= f® jv”) A0CAra€ eKCTpeMyMy pu X =X,, y=7,, TO
KOXHa YaCTKOBAa NMOXifHA MEepLIOro MOPAAKY Bif v NEPETBOPIOETHCH B

HYJb TIPH LMX 3HaYEHHAX apryMeHTiB [7; 8].
JudeperniroeMo B 4aCTKOBUX MOXigHMX:

W _ (88,64+13,46 y-159,687% —15282% —1124 7 X +267,84 7 3)10—3

3

X

3_1: = (2145413467 —5,62 %2 ~ 70,567 - 319367 7+ 26784%2 7)10~° (4)
¥

OTpHMy€EMO cHCTEMY IBOX PiBHAHB 3 ABOMA HEBiTOMHMHU (5):

a; ©)
= =0.
dy

Po3p’s3yroun cucreMy piBHsHb (5), 3HAXOAUMO MOTPiOHE 3HAYEHHS
BEIMYUH X,, J, Ha [OEAKOMY BiApi3KYy LMX apryMeHTIB BIAMOBiAHO

[X;;: X, 1, [3: ¥, ]. OTxe, B pe3ynbraTi 06YKCiIeHb OTPHMYEMO KOOPAHHA-
TH cTauioHapHoi Touku M (%,, 7,) : X, = 0,585 Ta 7, = 0,165.

OcKibKY nomnepeHboi BIEBHEHOCTI B iCHYBAHHI MAaKCHMyMYy P
dyHKuil Hemae, ToMy NOTPiGHe OAATKOBE NOCITIAXEHHS, TOOTO MOTPi6-
HO BCTAHOBHTH AOCTaTHI YMOBH eKCcTpeMyMmy. SIkio - ¢dyHkuis 6yae
MaTH B JIeIKOMY AOBKUUI TOukd M ()?o, }0) HeTepepBHi APYri YacTKOBi

MOXiAHI i SKWO B il TOYLi BUKOHYIOTbCS HEOOXiHI YMOBHM, TO Y BUMal-
Ky, KOJIM Apyruii nudepeHuian.



27-3 32 |, 5, e Q)
i=l j=I dx; oy o2 Ja

€ JIONaTHLO BH3HAueHa KBaapaTHuHa ¢popma, To dynkuis V (%, y) mae B
uii Toyui makcumym [8]. Y BHnaaky BUKOHaHHS LMX yMOB V — GyHKLis
matume B Touui M (%,, 7,) crauionapue 3HaueHHs, a cama Touka M

HA3UBATHMETHCA CTALIOHAPHOIO,
JlocmiauMo Ha 104aTHIO BU3HAYEHICTb KBAAPATHYHOI hopmu (7):

v v
X’  oxX Iy
O
vV
yoxX oy’
JlouiyIbHO BBECTH TAKI MO3HAYEHHS:
27 27 257
e LEp 2E_ g ®)
ox Iy dx dy

I3 BpaxyBaHHSIM BIACTHBOCTI NOPAAKY AX(EPEHUIIOBAHHA B YACTKO-
BUX NOX1AHUX [7]

9’z 0’z
dxady ) Y X

audepennianbHuit BusHauyHKUK Skobiad (J) Habyme BUrIsay:

4 C
J= , 10
C B (19
MIC/IA PO3KPHTTS IKOTO OTPUMAEMO:
J=A4.B-C?. (1

3HaxoaMMO TOXIAHI JIPYroro MNOPSAKY B CTAaUiOHAPHIN Touli
M (%,, 7, } i Bu3Hauaemo i xapaxTep:
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2
A= ;)_I = (-15282-11247, +26784 7% )10~ =—0147 ;
X~
3V
B=S= (- 7056-31936%, + 26784, 2).107* =—0,66;
=
V'V — . cacam = N gned
&= P =(13.46-319,367, —1124 %, +535,68%,7, )-10 *=—=0006..

ITpn uvomy SAxoOian ckrajae:

J=AB-C?=(-0147-(-0]166))— (0,006} ) 0.

Bpaxosytoun, mo J > 0,a 4 = — 0,147 < 0, koHcTaTyeMo, 10 (PyHK-
st Il—’:f(_T, T) mac MakcumyM: Vinae (0,585; 0,165) = 0.057. 3 wuiel
YMOBH 1 BU3HAYAEMO 110YATKOBY LUBW/IKICTb V), —IJ,,/I max, AC B SKOCTI

Vs NPUHMacTLCA HOpMOBAHA 1 00CIYTOBYBAHOI 30HH LUBUAKICTL V),
Ile o3Hayae, WO BU3HAYCHA NOYATKOBA WIBMJKICTE Vo € MIHIMATBHOIO,
TOOTO 15 BEIMYHHA € ONTHMI3ZOBAHOO.

Ha 0cHOBI OTPUMAHNX PE3YJIbTATIB KOHCTATYEMO:

— BCT@HOBJICHO B KUTbKICHIH (hOPMi XapakTepUCTHKM Ta 3aKOHOMIp-
HOCTI PO3BHTKY IUIOCKMX HACTHIbHUX CTHCHEHHMX CTPYMHH Y 3BO-
POTHOMY TOTOLI;

— OTPUMAHO PO3PAXYHKOBI 3aJIEXXHOCTI JUls BU3HAUYEHH S ITapaMeTpiB
NJIOCKHX HACTMIILHUX CTUCHEHUX CTPYMHH Y 3BOPOTHOMY MOTOLL;

~ OOIpYHTOBAHO, WO €PEKTUBHICTH 3aCTOCYBAHHS TIOCKMX HACTH-
JTLHUX CTPYMHUH JUIS NOJadi MOBITPst B poOo4y 30HY TeXHOJOTriU-
HOT'O NPUMIIIEHHS € BUCOKOIO.

OtpumaHi pe3yabTaTH JalOTh 3MOTY Ppa3paxoBYBATH IOYATKOBY
[IBUAKICTb MPUIUIMBHOI MJI0CKOI HACTHABLHOT CTMCHEHOT CTPYMMHH Y BH-
pOOHHYOMY NPUMIILCHH] HE3HAYHOI BUCOTH 3 HASIBHICTIO TEXHOJOTIUHHUX
CTpyMUH oOONagHaHHs Ta OOCHYrOBYIOUOIO NEPCOHANY 1 BHU3HAYATH
TEOMETPHUYHI MapaMeTpy MNOBITPOPO3NOAIILHOIO NPUCTPOIO. 3aCTOCY-
BaHHA TMOBITPOPO3NOALTIOBAUIB i3 BUKODHUCTAHHAM eQeKTy HACTHIAHHA
[JIOCKMX CTPYMHH Ja€ 3MOTY 3HA4YHO MiABUILUTH Kpmepm ADPI (Air
Distribution Performance Index) TIpU 110241 B TEXHOJIOTTUHE npnwmeﬂ-
HSl 3HAYHOI KLTbKOCTI NOBITPS i 3MEHLUMTH, BHACHIJIOK LbOTO, MaTepia-
JIOEMHICTD MPUTUIMBHOT CHCTCMH.
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VK 662.612-428 .4 0. H. 3aiiueB, dokm. mexu. Hayk
Opecckas rocyJapcTBEHHAR aKaJleMHs
CTPOMUTENILCTBA U APXUTEKTYPbI

BIMAHUE NPELECCUN U HYTALUN BUXPEBOIO A4PA
HA YCTOWYUBOCTb 3AKPYYEHHOIO MNOTOKA FA3A

B TennosHeprervke o6yacTh MCMOMB30BAHHA 3aKPYYEHHbIX NO-
TOKOB OXBAThIBAET 3HAYMTEIbHYI 00JacTh, CBA3aHHYIO C IMpOILEcca-
MH BbIpabOTKH, TPAHCIOPTUPOBKH, Mepeavyd U UCIOJIb30OBAHUS TEIl-
noBoH sHepruu. Ilpu 3TOM HCNONB30BAHWE AIPOIHHAMHUKH 3aKPY-
YEHHBIX [1I0TOKOB M03BOJIAET HHTEHCUDULIMPOBATH MPOLECCHI TEIJIO- U
MaccooOMeHa M ONTUMHM3UPOBATh KOHCTPYKTHUBHbIE napaMeTphl 060-
PYAOBaHMUS.

OnHaKo HeyCTOHYMBOCTb TPOLIECCOB, MPOHCXOASLIMX BCIIEACTBHE
BO3HUKHOBEHHSA NMPELECCHH BUXPEBOIO AAPA, i1PH CTENEHH KPYTKH MOTO-
ka .S 6onee 0,6 HE JAIOT BO3ZMOXKHOCTH HCIOJIb30BATH B IMOJIHOM Mepe a3-
pOAMHaAMHYeCKHUe CBOWCTBA 3aKPYUYEHHbIX MOTOKOB.

CyniecTByroLHe B HACTOSILEE BPeMst MOAEIH MPELIECCUH BUXPEBOTO
AApa B 3aKPYYEHHOM IMOTOKE HE YYHTBHIBAIOT €ro HU3MEHEHHS W Tperno-
AAraloT HEM3MEHHOCTb reoMeTpUYecKoii ¢hopMbl BUXPEBOTO fpa B JIIO-
OOM NornepeyHoOM CeYeHHUH 3aKPYyUYEHHOTO TToToKa [1].

Mopenb npeueccui BUXpeBOro sapa paspadarbiBaiach B MPeino-
JIOKEHUH, YTO BUXPEBOE SJ1PO HAXOAMTCH MOA BO3ACHCTBHEM OCHOBHOTO
BpALLAKOUIErocs MOTOKA, pacnpejaeneHie CKOpocTed B KOTOPOM COOT-
BETCTBYET JUHAMMYECKOMY BpallleHu1o. BpauieHue ke BUXPeBOIo sjpa
OMUCBHIBAJIOCH KaK CTaTHYECKOE BPAHIEHHE.

Kpome Toro, nonaras, 4ro Ha BUXpeBOe PO ASHCTBYET Clila AHHA-
MHYECKOT0 JIaBJICHHS, 4 B CAMOM si/Ipe AaBJIEHHUE onpellesisercs Kdax [2]:

P=p(4nQ)’Inr, (1)

rje: P — [NOTHOCTb, KI/M3;

Q - yraoBas CKOpocTs, 1/c;

r — pajiiyc BpallleH!us BHXPEBOIo siapa BOKPYL OCH 3aKPYYEHHOTO
NoTOKA, M.

Ha ocHoBannu ypasHenuil Hasbe-CTokca W Hepa3pbIBHOCTH T0-
TOKa OBUIH TI0JIyYeHbl YPABHEHHS JUIS PACueTd CKOPOCTH ABMIKEHUS
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BHUXPEBOTO AIpa B IIOCKOCTH, MEPNEHIUKYIAPHONH MOCTYNATEIbHOMY
JIBHOKEHHUIO 3aKpYYeHHOTr o noToka (ocu Z):

Ve =Qy(x-x.)* +y cosa; ®)

V=G e sinas ®
o B 2 v 32 22
a:Arctg(}'p( 2(41129) G —ay) 1) )); “)
pe(x—x,)y
X, = ylgo—x; ©)

x, = 1=y +x, ©

rae V., V,— CKOPOCTH JIBH)KEHUS BUXPEBOrO AAPA B MIIOCKOCTH, MEPIEH-
AUKYIAPHOH ocH Z, M/C; X, X, — PACCTOSIHUS OT OCH 3aKPYYEHHOTO MO-
TOKa /10 OCH BUXPEBOTO fpa, M; C — KOHCTAHTA.

Pe3ynbTaTel pacyeToB NpeACTaBJIEHbl Ha PHC. 1, TOe NokasaHo
M3MEHEHHE CKOPOCTH BMXPEBOTO fpa B 3aBHCHUMOCTH OT yAaJIeHUS
€ro OT OCH 3aKpPYUE€HHOro (OCHOBHOI'O) NOTOKA. AHAJIU3 MOJIYYEHHO-
ro rpaduka nokasaj, 4YT0 MHHHMaJbHAsg CKOPOCTb JBUXKEHHSA BHXpe-
BOT'O flpa COOTBETCTBYET OOJaCTH OCHOBHOFO MOTOKAa MEXAY 30HOH
oOpaTHbIX TOKOB W BHEIUHEH ero rpaHuulei (oCb KOOPAMHAT pacro-
JIOXKEHA B LEHTPE 3aKPYUYEHHOTO NOTOKA), 4TO 00BACHAETCS NpeBasiu-
PYIOUIMM BO3ACHCTBHEM LEHTPODOEKHBIX CHJI HA rpaHHle OoOpaTHBIX
TOKOB, & Hd BHELIHEN I'PaHULE — AMHAMMYECKHM JABJIEHHEM OCHOB-
HOI'0 MOTOKAa Ha BHMXpeBoe sApo. Kpome TOro, MUHHUMaJlbHas CKO-
POCTb JBHMIKEHHS BHXPEBOTO fApPa COOTBETCTBYET MUHMMAIBLHOMY
BO3EHCTBHIO OCHOBHOTO MOTOKA, TO €CTh JaHHas o0NacTb ABJIAETCA
Hanbosiee yCTOHUHBOIA.

PaccmoTtpenne nipodusas paguanbHoil ckopocTH (pHc. 2) nokaszano,
4TO CKOPOCTb NPAKTHYECKH MOCTOAHHA B OOJIACTHM OCHOBHOIO MOTOKA,
BO3pACTaHWE ee NMpH yIaJICHHH OT OCH, YTO BbI3BAHO YBEJIUYEHHEM pa-
Juyca BpallleHHs BUXPEBOTI'O 47Ipa, U COOTBETCTBEHHO YBEIHWYERHEM YI-
JIOBOH CKOPOCTH BPALLEHHS.

JIns KauecTBEHHOI'O [OATBEPXEHUS [OJyYeHHbIX Pe3yJIbTaToOB
BbINOJIHEHA (OTOCHEMKA IpoLecca IOPeHUs COKUKEHHOTO ra3a B 3aKpy-
YECHHOM 1OTOKE (pHc. 3).



Ha cHuMKe Npu 3aTeMHEHMM BUJIHO SPKO BbIPAKEHHOE BUXpEBOE
AAPO, pacrosaraouleecs MeXIy 30HOI oOpaTHbIX TOKOB M BHCUIHEH

rpanuueﬁ TOPEHHA, YTO IIOATBCPIKAACT paHee CACNAHHbIEC BbIBOJbI.

VX, mic T
11 ‘
10
9 ...«,:,,\ J
8 1 - *
64— — — :
54— — i
4 ; L] 1
0 0,2 0,4 0,6 Y. ™
Puc. 1. M3MeHeHHe akCHANbHOMH CKOPOCTH ABUKEHHS
BUXPEBOTO 41pa
Vy, mic ]
30 —
06—t
10 —
0 . . . . vt S|
0 0,1 0,2 0.3 0.4 0,5 0,6 0,7 Y. ™
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Puc. 2. I3MeHeHne paanaIbHOM CKOPOCTH IBHXKEHUA
BUXPEBOrO A1pa



Buxpegoe sipo

Puc. 3. IIpouecc ropenns B 3aKpyueHHOM NOTOKE

TakuM 06Gpa3oM, B pe3ynbTaTe TEOPETHUECKMX HCCIIeIOBAHUM
MoJIy4eHbl 3aBHCUMOCTH CKOPOCTH JBHXKEHHMSA TNPELECCUPYIOLIETO
BUXPEBOTO sJpa, I103BOJIMBIIUE BLIABUTH 001acTb YCTOMYMBOIO MO-
JIOKCHHUSA BHXPEBOrO sApa — PaBHOBECUA UEHTPOOEKHBIX H LEHTPOCT-
PEMUTCILHBIX CHJI B 3aKPYYEHHOM ITOTOKE MPH HalH4YUU 30HBI 00parT-
HBIX TOKOB.

Ucnonn3oBanHas aMTEpaTypa
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YK 662.612-428 4 O. H. 3aiiues, dokm. mexn. Hayx
Ounecckas rocyAapcTBEHHas aKaJeMHs
CTPOHMTENbLCTBA H APXUTEKTYPbI

UCCNEAOBAHUA ANHAMUYECKUX XAPAKTEPUCTUK
nPu B3AMMOAEWUCTBUU BCTPEYHO-CMELLEHHbIX
3AKPYYEHHbIX FA30BbIX CTPYH

Pa3paboTka HOBBIX 3Heprocteperaroix CnocobOB U KOHCTPYKTHB-
HbIX peLleHHUH JUIS CHHKEHUS PAacXoll0B TOIUIMBA B JELIEHTPAIM30BaHHbIX
CHCTEMAX TEIUIOCHAOKEHHS, JIOKANM3aLMK TeIUIOBLIX MCTOYHHKOB MaJloi
MOILIHOCTH M pacceMBaHUs BPEIHBIX BELIECTB B aTMOCHEPHOM BO3JyXe Ha-
psly ¢ TEOPETHYECKMMH HCCIIeJOBAHUAMH TpeOyeT IOJy4eHHE IKCMepH-
MEHTAJIbHbIX JaHHBLIX [0 a3POAMHAMMUKE B3aHUMOJICHCTBYIOLLMX 3aKpYy4eH-
HBIX MOTOKOB. BbITNoJIHEHHE TAKUX UCCIEAOBAHUI TAKIKE BbI3BAHO TEM, UTO
TEOpeTHYeCKHe MOEIH TpeOyIoT 3aaHUs BEJIMYKH, W3MEPEHHE KOTOPBIX B
TIPOU3BO/CTBEHHbIX YCJIOBUSAX 3aTPyAHEHO (HANpHMEp, KHHeMaTHyeckas
BSI3KOCTb CPEJibl, YaCTOThI kKoJieOaH il BUXPEBOTO SApa U APYTHX JAHHBIX),
MO3TOMY HaJIMYME FKCNEPUMEHTAIILHBIX JAHHBIX B COOTBETCTBYIOLLEM JIHA-
Ma30HE MO3BOJIMT pa3paboTaTh METOAOJIOTHIO ONPEACCHHUS YCIOBHUH ycC-
TOHYHUBOCTH 3aKPY4€HHOT'O MOTOKA NMPH B3aUMOAEHCTBHH C TEMJIOBBIM HC-
TOYHHKOM, HHKEHEPHbIE METO/Ibl PacyeTa Mosei CKOPOCTH IIPH Pa3IM4YHbIX
BHJAX B3aUMOJICICTBHSA 3aKPYUYEHHBIX CTPYH.

Takum oOpa3oM, CTABUTCS 33aya 110 IKCIIEPHMEHTAJIbHOMY HCClle-
JIOBaHHUIO PE3YJIbTUPYIOLIUX TIONEeH CKOPOCTH H TONy4YeHHEe NAHHBIX IS
PErPECCMOHHBIX YPABHEHHI B MHXEHEPHBbIX pacyeTax CKOPOCTH [MpH
BCTPEUHOM, CMELIEHHOM B TOPU3OHTAJIbHOMN TITOCKOCTH.

Jns peureHus nocTaBleHHO# 3aaaud OblUl pazpaboTaH W HM3LOTOB-
JIEH 3KCTIePHMEHTAJIbHBIN CTeH U a3POAHHAMHUYECKHX HCCIIEAOBAHUH,
B OCHOBY KOTOPOIO MOJOXE€Hbl MaTpyOKH ¢ TaHr€HLMAaJbHbIM TOJABO-
JIOM, COeAMHEHHbIE THOKUMH BO3YXOBOAAMH C BEHTHIIATOPOM.

DKcnepUMeHTaNIbHAas YCTAHOBKA COCTOMT M3 JBYX cofes, AUaMer-
pom 100 MM, ¢ TaHTeHIIMANbHBIM TOJBOAOM MOTOKA, THOKHX BO3AYXO-
BO/IOB, BEHTHJIATOpA BbICOKOTO AABJIEHHUS, 3aBHXEK AJisl PEryIupoBa-
HHUS pacxo/a BO3ayxa.

JLis BBITTONTHEHHUS U3MEPEHHH CKOPOCTH ycTaHOBKa cHabxeHa Tep-
MO3JIEKTPOAHEMOMETPOM, C LIAPOBBIM 30HAOM H KOOPAMHATHON CETKOM
JUIS OTpejieSieH|sl HanpawjeHus ckopocTH., M3MepeHHne pacxoaa rasa
OCYILECTBJIAJIOCH C MOMOIIBIO TAPUPOBAHHOH AHA(PparMbl METOAOM [1e-
PEMEHHOro nepernaja AaBieHHs.
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