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3KOHOMlIQHhIe pa,n;lIMhHhIe BeHTlIn5ITOphI ,II;n51

CHCTeM KOH,ll;lII(1I0HlIpOBaH1I5I Ka611H

TpaHCIIOpTHhIX MamllH
KaHo. meXH. HayK B.n.XOXPHKOB

Pocmo8cKuu uHcmumym n08b1UleHURK8aJlurjJuKau,uu KaiJpo8 All K
H.A.XOXPHKOBA

A308o-lfepHoMopCKaR zocyiJapcm8eHHaR aZpOUHJfCeHepHaRaKaiJeMuR

Results of Investigations of the aerodynamic model of radial-flow fans are
given, and a schematic diagram of economically efficient two-console radla/-
flow fan with two axially-radial Impellers for air conditioning systems of cabins
of transport vehicles is presented. The data of comparative tests of this fan
with a two-console radial-flow fan with impellers of type «Sirokko» are
presentrd.

Ha TPaHcnopTHbIX MaWHHax npHMeHjllOTCjI Pa3JIH'·IHble

BeHTHJUITOpbI- pa.nHaJIbHble, oceBble, .n.HaMeTPaJIbHble, .n.H-

arOHaJIbHble H T•.n.. Hx YCTaHaBJIHBalOT B CHCTeMax OX-

JIIDK,LI,eHMjI.n.BHraTeJIeH BHYTPeHHero crOpaHHjI (,[{BC), B

CHCTeMaxBeHTHIDllUfH, OTOnJIeHMjI, KOH,LJ,HllHOHHpOBaHMjIH

06ecnbUIHBaHMjI B03.n.yxa Ka6HH. IloCKOJIbKY B CHCTeMe

KOH,LJ,HUHOHHpOBaHHjIB03.n.yxa YCTaHaBJIHBaIOT .n.Ba pa-

.n.HaJIbHbIXBeHTHJljlTOpa (JIH60 O.n.HH.n.BYXKOHCOJIbHbIH)B

6JIOKe HcnapHTeJIjI H .n.Ba oceBbIX BeHTHJljlTOpa B 6JIOKe

KOH,LJ,eHCaTOpa,TO 3KOHOMHjI MOll(HOCTH Ha npHBO.n.BeHTH-

JIjlTOpa .n.IDKeB 10 BT .n.aCT3KOHOMHIO 3JIeKTp03HeprHH

npHMepHo 4000 KBT.

B CBjl3H C 3THM nepe.n. pa3pa60TYHKaMH CTaBHTCjI 3a-

,LJ,ayano CHH)i(eHHIO 3HeprHH, nOTpe6JIjleMOH BeHTHJIjlTO-

pOM, HanpHMep, 3a CyeT BbI60pa COBepweHHOH a3po.n.H-

HaMHqeCKOH cxeMbI BeHTHJIjlTOpa, YMeHbweHHIO MaTe-

pHaJIOeMKOCTH3a CqeT OnTHMaJIbHOrO COOTHOWeHHjI reo-

MeTPHqeCKHX H KHHeMaTHqeCKHX napaMeTpOB BeHTHJIjI-

Topa, npHMeHeHHjI Pa3JlH'-IHbIX nOJIHMepOB, COnOJIHMepOB,

KOMn03HTHbIX MaTepHaJIOB. HanpHMep, HCnOJIb3Yjl Tex-

HOJIOrHIOH3fOTOBJIeHHjI pa60qHX KOJIeCpa.nHaJIbHbIX BeH-

THJIjlTOPOB C nOMOll(blO JIHTbjl H3 nJIaCTMaCC no.n. .naBJIe-

HHeM, MO)I(HOBbInOJIHHTb JIOnaTKH TOJIll(HHOH MeHee 1MM

H YMeHbwHTb MaTepHaJIOeMKOCTb pa60qHX KOJIeC Ha

50 %. bJIaro.n.apjl TOqHOMY H3rOTOBJIeHHIO pa60qero KO-

JIeca H YMeHbweHHIO ero MaCCbI He Tpe6yeTCjI npOH3BO-

,LJ,HTb.n.HHaMHqecKylO, a HHor.n.a H CTaTHqeCKYIO 6aJIaH-

CHpOBKY.

Ba)l(Hoe 3HaqeHHe HMeeT BbI60p OnTHMaJIbHOH a3pO.n.H-

HaMHlJeCKOH cxeMbI BeHTHJIjlTOpa. IlpH pa60Te BeHTHJIjI-

TOpOB B CHCTeMax KOH.n.HUHOHHpOBaHHjI B03.n.yxa oCyll(e-

CTBJIjllOTCjI CJIO)i(Hble a3po.n.HHaMHQeCKHe npOueCCbI. 3TO

CBjl3aHO C He60JIbIIJHMH ra6apHTaMH BeHTHJIjlTOPOB, 3a-

rpOMO)f(,Ll,eHHeMBXO.n.OBH BbIXO.n.OBH3 BeHTHJIjlTOPOB pa3-

JIHYHbIMHKOpnyCHbIMH .n.eTaJIjlMHCHCTeM(3aCJIOHKH, nOBO-

pOTbI, .n.eq)JleKTOpbI H T.n.), 60JIbWHM OTKJIOHeHHeM npo-

cPHJIeH JIOnaTOK pa60YHX KOJIeC OT paCQeTHbIX, Kop06JIe-

HHeM JIOnaTOK B npouecce 3KcnnyaTauHH npH BbICOKHXreM-

neparypax B03.n.yxa H .n.pyruMH cPaKTOpaMH. KpOMe Toro,

nepeMeIItaeMbIH pa60QHM KOJIeCOMB03.n.yx MO)i(eT co.n.ep-

)i(aTb nblJIb, KaneJIbHYIO BJIary, napbI rCM, B pe3YJIbTaTe

Qero Ha JIOnaTKax 06pa3yeTcjI HaJIeT rpjl3H, KOTOpag HCKa-

)i(aeT a3po.n.HHaMHQeCKHH npouecc H BbI3bIBaeT .n.Hc6aJIaHC

KOJIeca.

TeOpeTHlJeCKHe HCCJIe.n.OBaHHjI*a3po.n.HHaMHyeCKOH MO-

.n.eJIHpa.n.HaJIbHOrO BeHTHJIjlTOpa nOKa3aJIH, QTO.n.aBJIeHHe

Ha Bblxo.n.e H3 pa60yero KOJIeCa pa.n.HaJIbHOrO MaJIora6a-

pHTHoro BeHTHJIjlTOpa (P) MO)i(eT 6bITb paCCYHTaHO no

cPopMYJIaM:

P= A12+AL+A'
I 2 3'

AI = (llH -1)J.!p.ui k6 /(n2 DJ
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) -Syp.UI
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) -SpR./(2~ D;b;);

A2 = C;yP8U12k3 l(nD,3) -f...lP8U2ctg~2 l(rrD2b2);

A3 = f...lP8Ui -C;yP8UI2 12,

r.n.e 'TlH - a3po.n.HHaMHlJeCKHH KIT,[{ KOJIeCa Ha HOMHHaJIb-

HOM pe)l(HMe;

J.! - K03cPcPHllHeHTLiHPKYJIjllUfH;

p. - nJIOTHOCTb B03.n.yxa;

U2 - OKpY)l(Hajl CKOpOCTb KOJIeCa Ha BbIxo.n.e nOTOKa

H3 JIOnaTOK;

k - K03cPcPHUHeHT pacxo.n.a B03.n.yxa (k = 3,25 ... 3,9);
n - lJHCJIO060pOTOB pa6oyero KOJIeCa;

D1 - .n.HaMeTp JIOnaTOK KOJIeCa Ha Bxo.n.e;

~2 - yrOJI Me)f(,Ll,yHanpaBJIeHHeM OKpy)l(HOH H OTHOCH-

TeJIbHOH CKOpOCTH nOTOKa B03.n.yxa Ha BbIxo.n.e H3 KO-

JIeca;

b2 - IIJl1pHHa JIOnaTOK Ha BbIxo.n.e H3 KOJIeCa;
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~ - K03cjJQHIIJ,I1eHT COrrpOTMBJIeHI1JI Ha y)J,ap (~ =
y y

= [0, 7 - 0,9] D,"/ D~ );
~ - K03cjJcjJI1lJ,I1eHT COnpOTI1BJIeHI1JI Ha paCllJI1peHI1e

(~p =[1 - b/BF);
VI - oKpy)l{HaJI CKOpOCTb KOJIeCa Ha BXO)J,e B JIOnaTKI1.

AHaJII13 cjJOpMyJIhI nOKa3hIBaeT, 4TO YBeJII14eHI1e )J,I1-

aMeTpa KOJIeCa Ha BhIXO)J,e 11 YMeHhllJeHI1e )J,I1aMeTpa

Ha BXO)J,e, T. e. I1CnOJIh30BaHI1e pa604ero KOJIeCa C

)J,JII1HHhIMI1 JIOrraTKaMI1 crroc06cTByeT CHI1)1{eHI1IO rro-

Teph )J,aBJIeHI151 11nOBhIllJeHI1IO KIT)], BeHTI1JI5ITOpa. ITpl1

3TOM )J,JII1Ha JIOnaTOK MO)l{eT 6hITh YBeJII14eHa 3a C4eT

npl1)J,aHI151 06pa3yIOllJ,eH KPI1BOJII1HeHHOH cjJOPMhI. JIonaT-

KI1 )J,OJI)I{HhI 6hITh Y3KI1MI1, a BXO)J,Hhle KpOMKI1 JIOrraTOK

paciJOJIaraThC5I BO BXO)J,HOM naTpy6Ke BeHTI1JIJITOpa.

ITepexo)J, OT oceBoro f-TanpaBJIeHI151 JIOnaTOK K pa)J,I1aJIh-

HOMy )J,OJI)I{eH 6hITh rrJIaBHhIM. TaKI1e pa604I1e KOJIeCa

B KOMrrpeccopoCTpOeHI1I1 Ha3hIBaIOTCJI ocepa)J,I1aJIhHhI-

MI1.

KpoMe Toro, CrrI1paJIhHhIH Koprryc Ha BhIXO)J,e 113 pa60-

4ero KOJIeCa )J,OJI)I{eH 6hITh BhITJIHyT B Mepl1)J,I10HaJIhHOM

(oceBOM) Ce'-IeHI1I1. 3TO 06yCJIOBJIeHO TeM, '-ITO B 06hI'-I-

HhIX pa)J,l1aJIhHhIX BeHTI1JIJITOpaX rrOTOK B03)J,yxa Ha BhI-

xO)J,e 113 pa60'-Iero KOJIeCa paCllJI1p5leTCJI B CnI1paJIhHOM

Kopnyce I1 rrpI106peTaeT BI1XpeBOe )J,BI1)1{eHI1e B BI1)J,e rrap-

HhIX BI1XpeH, KOTophle 3Ha'-II1TeJIhHO 3aTeHJIIOT Ce'-IeHl1e

Kopnyca I1 YBeJII1'-II1BaIOT nOTepI1 )J,aBJIeHI151, Hanpl1Mep, Ha

rrOMep)l{aHI1e napHhIX BI1XpeH. B Cnl1paJIhHOM Kopnyce,

BhIT5IHYTOM B Mepl1)J,110HaJIhHOM Ce'-IeHI1I1, C03)J,aeTC5I I1C-

KyccTBeHHhIH BI1Xph, KOTOphIH 3anOJIHJIeT Bce Ce4eHI1e

11 06eCrre'-II1BaeT rrJIaBHOe CHI1)1{eHl1e CKOpOCTI1 nOTOKa,

T.e. npe06pa30BaHI1e )J,I1HaMI14eCKOro )J,aBJIeHI151 B CTa-

TI1'-IeCKoe.

C y'-IeTOM npOBe)J,eHHoro aHaJIl13a 6hIJII1 pa3pa60TaHhI

3KOHOMl14Hhle pa)J,I1aJIhHhle BeHTI1JIJITOPhI )J,JIJICI1CTeM KOH-

Puc.l. fTpUHlI,UnUGJlbHafi cxeMa
OOHOKOHCOAbH020 paOUGJlbH020
eeHmUflflmopa c ocepaOUGJlbHblM
pa60'/UM KOAeCOM
oeycmopoHHe20 ecaCbleaHUfl:
I -3AeKmpooeu2ameAb;
2 - pa6O'tee KOAeco;
3 - cnUPGJIbHblU Kopnyc

Puc.2. 06ll1,uu euo
OOHOKOHCOAbH020
paouaAbHo2o
eeHmUflflmopa c
ocepaOUGJlbHblM

pa6o'/uM KOAeCOM
oeycmopoHHe2o
ecaCbleaHUfi

)J,I1J.J,I10HI1pOBaHI151Ka6l1H TpaHcnopTHhIX MallJI1H. Ha pI1c.1

npe)J,cTaBJIeHa npl1HJ.J,Hrrl1aJIhHa51 cxeMa, a Ha pHC. 2 - 06-

llJ,HH Bl1)J, O)J,HOKOHCOJIhHOro pa)J,HaJIhHOrO BeHTI1JI5ITOpa C

ocepa)J,HaJIhHhIM pa604l1M KOJIeCOM )J,BycTopoHHero Bca-

ChIBaHH5I.

Ha pl1c.3 npe)J,CTaBJIeHa npHHJ.J,l1nl1aJIhHa51 cxeMa )J,ByX-

KOHCOJIhHOrO pa)J,HaJIhHoro BeHTHmITOpa C )J,ByM5I ocepa-

)J,l1aJIhHhIMH pa604HMI1 KOJIeCaMl1, Ha Pl1c. 4 - 06llJ,HH BH)J,

3Toro BeHTHmITOpa.

KOHCTPYKJ.J,I1IO BeHTI1JIJITOpOB TpaHcrropTHhIX KOH)J,I1J.J,110-

HepoB MO)l{HO OJ.J,eHHTh no OTHOCI1TeJIhHoMY nOKa3aTeJIIO,

KOTOphIH OTpa)l{aeT cyMMapHhle 3aTpaThI Ha pa3pa60TKY,

H3rOTOBJIeHl1e, 3KcnnyaTaJ.J,HIO BeHTI1Jl5lTOpOB 11rrorry4eHHe

nOJIe3HOrO 3cjJcjJeKTa OT HX npHMeHeHH5I B TpaHcnopTHhIX

KOH)J,l1J.J,HoHepax. ITPH 3TOM He06xo)J,l1MO Y'-Il1ThIBaTh, '-ITO

3aTpaThI Ha l13rOTOBJIeHl1e l1 3KCnJIyaTaJ.J,l1IO BeHTHJIJITO-

POB 3aBHC5IT He TOJIhKO OT HX KOHCTpyKJ.J,HI1, HO 11OT TeXHl1-

4eCKoro ypOBIDI TpaHcnopTHoro KOH)J,I1J.J,HOHepa,B KOTOpOM

YCTaHOBJIeHhI BeHTHJIJITOphI. Pa3JII1'-IHhIe KOHCTpyKJ.J,1111BeH-

THJI5ITOPOB npl1 npOeKTl1pOBaHl1H CpaBHI1BaIOT no IIOKa-

3aTemlM, KOTophIe He06xo)J,I1MO 06ecrre4HTh rrpl1 3KCrrJIy-

aT a J.J,HH. TaKHM IIOKa3aTeJIeM 51BJIJIeTC5I y)J,eJIhHa51 MaTe-

pl1aJIOeMKOCTh:

Y=mN/(Lp),
r)J,e m - OTHOllJeHHe MaCChI 3JIeKTpO)J,Bl1raTeJI5I K Macce

BeHTHmITOpa ()J,JIJI COBpeMeHHhIX TPaHCIIopTHhIX pa-

)J,HaJIhHhIX BeHTl1JI5ITOPOB m = 1,5 ... 2);
N, L, P - COOTBeTCTBeHHO MOllJ,HOCTh, IIOTpe6JI5IeMa51

Puc.3. fTpUHlI,unUGJlbHafi cxeMa oeyxKoHcoAbH020
paOUGJlbH020 eeHmUAflmOpa c oeyMfl ocepaOUGJlbHbLMU
pa6o'/uMu KOAecaMU:
I - 3AeKmpooeu2ameAb; 2 - OCHoeaHue;
3 - CnUpGJIbHblU Kopnyc; 4 - pa6o'/ee KOAeco

Puc.4. 06ll1,uu euo
oeyxKoHcOAbH020 paouaAbHo2o
eeHmUflflmopa c oeYMfl
ocepaouaAbHblMU pa6o'/uMu
KOAecaMU



Puc.5. 06w.uu 6UO 06YXKOHCOflbH020paOUaJlbH020

6eHmUflflmOpa, ycmaHa6flU6aeM020 6 6flOKe ucnapumeJlfl

cucmeMbl KOHOUU,UOHup06aHUfl6030yxa 3apy6eJ/cHblX

mpaflcnopmHblX MalUUH

BeHTHmITOpOM (BT), rrpOH3BO)J,HTenbHOCTb (M3/q) H

)J,aBnemle Ha BbIXO)J,e H3 BeHTHmITOpa (ITa) rrpH HO-

MHHMbHOM pe:a<HMe (MaKCHMMbHOM).

~n51 )J,ByxKoHconbHoro pa)J,HanbHoro BeHTHn5lTOpa C

)J,ByM5I ocepa)J,HanbHbIMH pa60qHMH KonecaMH (CM.

pHcA) y)J,enbHa51 MaTepHanoeMKOCTb COCTaBn5leT rrpH-

MepHO 0,0016. )J,n51CHH)KeHH5I y)J,enbHoH MaTepHanoeM-

KOCTH, KaK BH)J,HOH3 epopMynbI, He06xo)J,HMO YMeHbIIIaTb

Maccy 3neKTpo)J,BHraTen5l, MOllJ,HOCTb, rroTpe6n5leMyIO

BeHTHn5lTOpOM, rrOBblIIIaTb rrpoH3Bo)J,HTenbHocTb, )J,aB-

neHHe H, KaK HH rrapa)J,oKcanbHo, YBenHqHBaTb Maccy

BeHTlIn5lTOpa 3a CqeT rrpHMeHeHH5I y)J,nHHeHHblx B Me-

pH)J,HoHanbHoM CeqeHHH crrHpanbHblx KoprrycoB, pa60-

qHX Konec C )J,ByCTOpOHHHM BcaCbIBaHHeM, BH6poyCTOH-

qHBbIX oCHoBaHHH H T.rr.

CpaBHHTenbHble a3po)J,HHaMHQeCKHe HCrrbITaHH5I C

nyqIIIHMH )J,ByxKoHconbHbIMH pa)J,HanbHbIMH BeHTHn5l-

TopaMH CHCTeM KOH)J,HIJ,HOHHpOBaHH5I 3apy6e)KHbIX

TpaHcrropTHbIX MaIIIHH (aBToM06HneH, TpaKTopoB, KOM-

6aHHoB) rrOKa3anH rrpeHMyllJ,eCTBa )J,ByxKoHconbHoro

pa)J,HanbHoro BeHTHn5lTOpa C )J,ByM5I ocepa)J,HanbHbIMH

BeHTI1JUITOPC oce- BeHTl1n.TOp c pa6o-

napaMCTpbI PNlMaIlbHbIMI1pa- l.Jl1MH KOJJeCaMl1

604l1MH KOJIecaMH THoa "CHpOKKO"

Hap)0KHblH )ll1aMeTp KOJleCa, M 0,150 0,0785
):(l1aMeTp KOJleCa Ha BXOL\e, M 0,755 0,063
):(l1aMeTp KOJleCa Ha BXOL\e co

CTOpOHbI 3JleKTpO)lBl1raTeJIlI, M 0,1035 0,083
):(J1aMeTp BTYJlKJ1 Ha BXO)le, M 0,018 0
):(J1aMeTp 3JleKTpO)lBl1raTeJI. Ha

BXOL\e B KOJleCO, M 0,0793 0,044
U1J.Jpl1Ha Cnl1panbHOro Kopnyca, M 0,062 0,05
U1J.JpJ1HaJlOnaTOK KOJleCa Ha

BbIXOL\e, M 0,0135 0,0435
l.[acToTa Bpall.\eHJ1l1 KOJleCa, MflH-1 3500 4000
l.[J1CJlOJlOnaTOK B KalKL\OH

ceKQflfl KOJIeCa 6 26
YroJI yCTaHOBKJ1 JIOnaTOK

Ha BXOL\e, rpaL\ 35 35
YroJI yCTaHOBKJ1 JIOnaTOK

Ha BbIXOL\e, rpaL\ 90 150
K03qxpJ1QJ1eHT pacxo)la B03L\yxa 3,8 4,4

N, 8m

70

20
500 L, M3/'I

Puc.6. A3POOUHGMUI.feCKaflxapaKmepucmUKa

06YXKOHCOflbH020paouaflbHo2o 6eHmUflflmopa C 06YMfl

ocepaouaflbHblMU pa60l.fUMU KOflecaMu

p, no
240

200

160

120

80

40

Puc. 7. A3poOUHaMUI.feCKafl xapaKmepucmUKa

06YXKOHCOflbH020paOUaJlbH020 6eHmUflJlmOpa c pa60l.fUMU

KOflecaMU muna «CUPOKKO'>

pa60qHMH KonecaMH. Ha pHc.5 rrpe)J,cTaBneH 06llJ,HH

BH)J, )J,ByxKoHconbHoro pa)J,HanbHoro BeHTHn5lTOpa, YC-

TaHaBnHBaeMoro B 6noKe HcrrapHTen51 CHCTeMbI KOH-

)J,HIJ,HOHHpOBaHH5I B03)J,yxa 3apy6e)KHbIX TpaHcrropTHbIX

MaIIIHH. BeHTHn5lTOp HMeeT )J,Ba pa60QHX Koneca «CH-

pOKKO» (6enHQbe Koneco) H )J,Ba CIII1panbHblx Koprryca.

OCHOBHble rrapaMeTpbI cpaBHHBaeMblx BeHTHn5lTOpOB

rrpHBe)J,eHbI B Ta6nHIJ,e. Ha pHc.6 rrpe)J,cTaBneHa a3po-

)J,HHaMHQeCKa51 xapaKTepHcTHKa )J,ByxKoHconbHoro pa-

)J,HanbHoro BeHTHn5lTOpa C )J,ByM5I ocepa)J,HanbHbIMH

pa60QHMH KonecaMH, Ha pHc.7 - )J,ByxKoHconbHoro pa-

)J,HanbHoro BeHTHn5lTOpa C pa60QHMH KonecaMH THrra

«CHpOKKO».

Y)J,enbHa51 MaTepHanoeMKOCTb )J,n51)J,ByxKoHconbHoro

pa)J,HanbHoro BeHTHn5lTOpa C pa60QHMH KonecaMH «CH-

pOKKO» COCTaBn5leT 0,0019, qTO )J,OCTHraeTC5I B pe3ynb-

TaTe YMeHbIIIeHH5I rrpOH3BO)J,HTenbHOCTH H )J,aBneHH5I rrpH

HOMHHanbHOM pe)KHMe. KpoMe Toro, a3po)J,HHaMHQeC-

Ka51 xapaKTepHcTHKa )J,ByxKoHconbHoro pa)J,HanbHoro

BeHTHn5lTOpa C ocepa)J,HanbHbIMH pa60QHMH KonecaMH

60nee rronora51 (CM. pHC. 6) H 06eCrreQHBaeT 3a)J,aHHyIO

rrpOH3BO)J,HTenbHOCTb (280 ... 600 M3/Q) rrpH H3MeHeHHH

rrpoTHBo)J,aBneHH5I OT 200 )J,O280 ITa. XapaKTepHcTHKa

pa)J,HanbHoro BeHTHn5lTOpa C KonecaMH «CHpOKKO» pe3KO

rra)J,aIOllJ,a51 (CM. pHC. 7) H rrpH rrpoTHBo)J,aBneHHH

200 250 ITa 06eCrreQHBaeTC5I rrpoH3Bo)J,HTenbHocTb

120 320 M3/Q.


