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MO,n;eJIMpOBaHMe TerrJIoo6MeHa B B03,n;yIIIHO-

lICrrapMTeJIbHOM OXJIa,n;MTeJIerrpM B03,n;e:ttCTBMM

3JIeKTpOCTaTMQeCKOrO rrOJI5I
KaHa. meXH. HayK. B.B.KMPEEB

DAD «MRCOK.OM6uHam «TYIlYHCK.UU»

The use of electrostatic field (ESP) in the cooling of heat carriers in an air-
evaporative chiller allows to increase the heat transfer coefficient and reduce
consumption of water.
The offered calculation algorithm as obtained on the basis of the analysis of
the constraint equations of the surface energy, the intensity of the ESP,
radius of drops and their electric and thermophysical characteristics can be
used as the basis of engineering principles of refrigerating systems
construction.

rIpHMeHeHHe 3JIeKTpOCTaTI1yeCKOrO rrOJI~ (3CrI) rrpl1

OXJlIDI<.D.eHI1I1TerrJIOHOCI1TeJIeH B B03,ll.YllIHo-HcrrapI1TeJIb-

HOM OXJla,ll.I1TeJIerr03BOJI~eT YBeJII1YI1Tb K03cPcPI1UI1eHTTerr-

JIOOT,ll.aYH11COKpaTI1Tb pacxo,ll. BO,ll.b!. CTpyH ,ll.HcneprHpo-

BaHHoH )f(J1,ll.KOCTI1(C,L()I{) B 3CrI MO)KeT ):{BHraTbc~ npl1

orrpe,ll.eJIeHHOH Pa3HOCTI1nOTeHUl1aJIOB B rrpHcYTcTBHH 3JIeK-

TpO,ll.OBB 30He OXJlIDI<.D.eHH~.,L(HcrreprHpOBaHHe )K11,ll.KOCTH

B 3CrI rrpOHCXO,ll.I1T 60JIee 3<p<peKTHBHO [1,2]. bOJIbUme

KanJIH, rrOrra,ll.aH B 3CII, «B3pbIBaIOTcH» C 06pa30BaHHeM

MeJIKI1X, KOTopbIe rrpl106peTalOT 3JIeKTpHyeCKHH 3ap~,ll..

rIpl1 3TOM YBeJII1YHBaeTCH HarrpH)KeHHOCTb rrOJIH, yMeHb-

walOTCH BHYTPeHHee ,ll.aBJIeHl1e KarreJIb H COOTBeTCTBeH-

HO rroBepXHocTHoe HaT~)KeHHe.

C YMeHbweHHeM BHYTPeHHero ,ll.aBJIeHHH KaneJIb yBe-

JII1YI1BaeTCH 3<p<peKTI1BHOCTb B03,ll.eHCTBHH a3pO,ll.HHaMH-

yeCKHX CHJI, YTO pe3Ko rrOBbIwaeT CHJIy «B3pbIBa» KarreJIb.

MaJIbIe KanJIH, HecYllil1e 3JIeKTpHl.JeCKHH 3ap~,ll., 60JIee

YCTOHYHBbI K HcnapeHHIO H MoryT cYlllecTBoBaTb B HeHa-

CbIllIeHHOM nOTOKe B03,ll.yxa [3]. 3TO B~HO YYI1TblBaTb,

TaK KaK npl1 ,ll.Bl1)KeHI1HKanJlH K OXJlIDI<.D.aeMOHnOBepxHoc-

TI1 TeMrreparypa nOTOKa B03pacTaeT, YTO rrpHBO,ll.HT K 60-

JIee HHTeHCI1BHOMY HcnapeHHIO.

HaJIHl.JHe 3CrI, C O,ll.HOH CTOpOHbI, 6y):{eT npHBO,ll.HTb K

poery CKOpOCTHKarreJIb, a C ,ll.pyroH - K ,ll.ecPopMaUHH nOJIH

CKopocTeH rrOJIH,ll.HCrrepCHoH CHCTeMbI KaneJIb, BCJIe,ll.CTBHe

l.Jero YCHJ1HBaeTCjJ B03MYlllalOllIee B03,ll.eHCTBHe KarreJIb

Ha rrOBepXHOCTb nJIeHKH )KH,ll.KOCTH,cTeKalOllIeH rro Tpy6e,

H HHTeHCH<pHUHpyeTCH rrpouecc TenJIOOT,ll.al.JH[ 1,2,4]. bJIa-

rO,ll.apjJ B03,ll.eHCTBHIO 3CII Ha pe)KHM OXJIIDI<.D.eHHHH3Me-

HHeTCH nOBepxHocTHajJ 3HeprHjJ KaneJIb, YTO MO)KeT rrpH-

BeCTH K HX OXJIIDI<.D.eHHIO[8].

,L(nH annpOKCHMaUHH 3KcrrepHMeHTaJIbHbIX ,ll.aHHbIX rro

nCeB,ll.OJIaMHHapHOM)' pe)f(J1M)' TeYeH~ rrJIeHKH rrpe,ll.J1o)Ke-

Ha CTeneHHaH 3aBHCI1MOCTb [7]:

Nu=CRe' Wem Fr"Ga" Gaq Pr'(Pr IPr)O.25 (1)
x R x <lKl c '

r,ll.e Nu - YHCJIO AycCeJIhTa;

Re - l.JHCJIOPeHHOJIb,ll.Ca;

We - YHCJIO Be6epa;

Fr - YHCJIO <1>pY,ll.a;

Ga - YI1CJIO faJIl1JIeH;

Pr - YHCJIO IIpaH,ll.TJIH.

Re = {O dlv .nn lK

CKOpOCTb cTeKalOllIeH rrJIeHKH orrpe,ll.eJIjJeTcH KaK

(Onn= G,/TtP"Pnn(2dT/ ~TlJl)' (3)
r,ll.e ~ - TOJIllIHHa CTeKaeMOH rrJIeHKH.

nn

We=jx-2(Jqp/R03' (4)
r,ll.ejx - nJIOTHOCTb 0pollIeHHjJ, Kr/(cM2·C);

x - orrpe,ll.eJIHlOllIHH pa3Mep;

crq - K03<PcPHUHeHT rroBepxHocTHoro HaTjJ)KeHHH

3ap~eHHoH KanJIH;

Ro3 - pa,ll.HYc 3apH)KeHHOH KarrJIH.

,L(JIH nceB,ll.oryp6yJIeHTHOro pe)KHMa [7]

Nu = CReO.5WeO.22 FrO.75cosq>GaD•17GaO.17 PrO.5 x
R

x(PrjPrY·25, (5)

r,ll.e C = 5,1 npl1 <p= 90°; C = 1,5 rrpH <p= 65°.

3aBHCI1MOCTh (5) CrrpaBe,ll.J1I1Ba ,ll.JIHYCJIOBI1H:

10 S ReS 545; 1,5·107S WeS2,6·105;

4,13.104 S Fr S 11,8.104; 21 S GaR S 53;

4,6·lOsSGa S9,22·10'J.
3HayeHI1e KO;cPcPHUHeHTOB<p, C, Re, m, n ~ rrCeB,ll.OJIaMI1-

HapHoro pe)f(J1Ma Tel.JeH~ nJIeHKH B ypaBHeHHH (5) rrpHBe,ll.e-

HbI B Ta6JIl1ue; 1= -0,25; P= 0,33; r= 0,5; q = 0,17.

q> Re. Re
max

C m nmm

90° 10 220 - 230 3,36' 10-8 1,36 0

65° 10 165 - 360 5,1' 10-5 0,83 0,327

15° 44 425 4,3'10 0,15 0,725



Pa,nHYC paCnbIJIHBaeMbIX KaneJIb B 3aBHCHMOCTH OT

nOTeHQHaJIa, KOTOpbIH nO,nBO,nHTCHK wTYQepy paCnbIJIH-

TeJIH, npH H3BeCTHOH HanpH)f(eHHOCTH onpe,neJIHeTCH no

ypaBHeHHlO
R

3
= R [1 - (R14 cr ) ££ El]. (6)

o 0 0 q 0

AHaJIH3 Mo,neJIeH H npHHHTbIX B HHX ,nOnylIleHHH ,naeT

OCHOBaHHenpe,nnOJIO)f(HTb, qTO xapaKTep TenJIoo6MeHa B

3cn 6y,neT no,no6HbIM, eCJIH B KaqeCTBe ,nonylIleHHH npH-

HlITb, qTO npOQeCCbl 3JIeKTpOJIH3a B CTeKaIOlIleH nJIeHKe

)f(H,nKOCTHnpaKTHqeCKH He BJIHHIOT Ha TenJIoo6MeH H

m,npo,nHHaMHKy TeqeHHH. B 3TOM CJIyqae 3Cn 6y,neT

B03,neHCTBOBaTbTOJIbKOHa rH,npo,nHHaMHKy TeqeHHH C,LPK

H CTeKaIOlIleH nJIeHKH )f(H,nKOCTH.

OXJIa)f(,neHHe nyqKa Tpy6 C,ll)K, nOMelIleHHoro B 3CII,

n03BOJIHeT HHTeHCH<pHQHpOBaTb TenJIoo6MeH 3a CqeT

BKJIIOqeHHHMexaHH3Ma 3JIeKTpOCTaTHqeCKOrOB3aHMo,neH-

CTBHH KaneJIb )f(H,nKOCTHMe)f(,ny C060H H OXJI~aeMOH

CTeHKoH. B KaqeCTBe HCXO,nHbIXnpe,nnOCbIJIOK, ,nonOJIHH-

IOIQHXMo,neJIbnpoQecca, onHcaHHYIO Bblwe, npHHHMaIOT-

CHCJIe,ll;YIOlIlHe:

1. HaJIHqHe 3Cn YBeJIHqHBaeT ,ne<popMaQHIO nOJIH CKO-

pocTeii KaneJIb C,ll)K, qTO CJIe,nyeT H3 ypaBHeHHH

U-:K = £0 {R03 E 2[1+2 (£-11 £+2)]}1 61t Ilr, (7)
me U-:K - CKOpOCTbKaneJIb 6e3 CTpyH B XII;

E - HanpH)f(eHHOCTb nOJIH;

£ - ,nH3JIeKTpHqeCKaH nOCTOHHHaSl)f(H,ll;KOCTH;

Ilr- K03<P<PHQHeHT,nHHaMHqeCKOH BH3KOCTHra3a, H3

KOToporo BH,nHO,qTO CpOCTOMRo3 KanJIH ee CKOpOCTb

B 3CII yBeJIHqHBaeTCH, T.e. KpynHble KanJIH 6y,ll;yT

elIle 6bICTPee «o6rOlUlTb» MeJIKHe.

2. O,ll;HOHMeHHbIH 3apH,ll; KarreJIb CHH)f(aeT 3<p<peKTHB-

HOCTb KoarYJIHQHH H cnoco6cTByeT ,nHcnepmpOBaHHIO

KpynHblx KaneJIb [5].
3. BeKTop HanpH)f(eHHOCTH 3CII HanpaBJIeH no HopMa-

JIH K nOBepXHOCTH OXJI~eHHH. B 3TOM CJIyqae CKOpOCTb

KaneJIb onpe,neJIHeTCH,nOCTaTOqHOnpOCTO no ypaBHeHHIO

~=(W/+ U-:}+2W:; U-:KCOS<P)O.s, (8)
r,ne W

K
- CKOpOCTbKaneJIb;w: - CKOpOCTbKaneJIb, pe3YJIbTHpYIOlIlaH B cTpye 6e3

3CII;

<p - yrOJI, o6pa30BaHHbIH OCbIO CTpyH H BeKTopOM Ha-

npH)f(eHHOCTH 3CII.

4. PaccMaTpHBaeTcH O,ll;HOMepHaH MO,ll;eJIb TeqeHHH

C,ll)K C ,ll;onyIQeHHeM aCHMMeTpHqHOCTH CTpyH.

HaJIHqHe 3CII 6y,ll;eT cnoC06CTBOBaTh YMeHhweHHIO

yHoca KaneJIh )f(H,nKOCTH 3a nOBepXHOCTh OXJI~,neHHH,

n03TOMY BBO,ll;HMK03<p<pHQHeHT

Tl(y)= JJ(x) / Jo(xr (9)
IlJIOTHOCTh opoweHHH npH OTCyTCTBHH3CII onpe,ll;eJIH-

eTCH KaK

Jo(x) = G/Fx, (10)
r,ne ~ - MaCCOBbIH pacxo,ll; BO,ll;hIqepe3 <POPCYHKY;

1'x - opOWaeMaH nOBepxHocTh.

3aBHCHMOCTh nJIOTHOCTH opoweHHH B 3CII J>(x) 6y,neT

HMeTb 60JIee CJIO)f(HbIH BH,n H 3aBHCeTh OT HanpH)f(eHHOC-

TH 3JIeKTpOCTaTHqeCKOrO nOJIH:

E=Uo/R,In(R2/R,), (II)
r,ll;e Uo - npHJIO)f(eHHOe HanpH)f(eHHe;

R,- pa,nHYc 3JIeKTpO,ll;a;

R 2 - pa,nHyc Tpy6hI.

3a,naBaHCh B nepBOM npH6JIH)f(eHHH 3HaqeHHeM

1] = 1,2 .. .1,5, B ,lJ.aJIhHeHWeMYTOqHHM ero BeJIHqHHhI, HC-

nOJIh3yR 3KcnepHMeHTaJIhHble ,naHHble. Tor,na nJIOTHOCTh

OpOWeHI151B 3CII 6y,neT onpe,neJIHThC5I KaK

. =' (12)
} .(x) } o(x) 1] (y)'

J(.n51 onpe,lJ.eJIeHHH pe)f(HMa CTeKaHHjJ nJIeHKH (nceB,no-

JIaMI1HapHOro I1JIH nceB,lJ.oTYp6yJIeHTHoro) BhlqHCJIHeTC5I

KpHTHqeCKOe qHCJIO PeHHOJIh,nca [6]:
Re = KWeO.73'1O~7 (13)

KpHT '

r,lJ.eK= 0,31 npl1 <p = 90°; K= 0,22 npH <p = 6Y H 3HaqeHHe

KOOp,lJ.HHaTbIX , COOTBeTCTBylOlIlee nepeXO,lJ.HOHrpaHHQe,

KKP = 11 ReKP 1J.(xr (14)
J(.nH npoBe,neHHH KOMnJIeKCa HCCJIe,noBaHHH no pa3pa-

60TaHHhIM MO,lJ.eJI5IMnpoQecca OXJI~eHHH HaMH C03,na-

Ha nporpaMMa ,lJ.JIH3BM. AJIrOpHTM paCqeTOB nocTpoeH

TaKHM 06pa30M, qTO n03BOJIHeT npoBo,nI1Th MHOrOBapl1-

aHTHhle paCqeThI (qI1CJIeHHOe Mo,neJIHpOBaHHe) nyTeM

3a,lJ.aHH5Ionpe,lJ.eJIeHHOrO Ha60pa HCXO,ll;HhIX,naHHhIX H or-

paHl1qeHI1H.

BJIHHHl1e 3Cn Ha I1HTeHCHBHOCTbTenJIOOT,lJ.aqHHeo,nHO-

3HaqHO. KaK nOKa3blBaeT aHaJII13 nOJIyqeHHOH HaMH CI1C-

TeMhl ypaBHeHI1H, KpHTepHH <1>pY,lJ.a,Be6epa H faJIHJIeH,

BXO,lJ.HlIlHeB ypaBHeHHe (I) H (5), HMeIOT Pa3JIHqHhIH xa-

o 15 30 45 60 15 90 <p, zpao

Puc. I. 3aeucuMocmb KpUmepUJI HycceJlbma om Y2Jla
pacnbl/la oXlla:>ICoalOU{eu :>ICUOKOCmu



0,5 1,0 1,5 2,0 v, M/C

Puc. 2. 3aeucuMocmb K03rjJrjJuu,ueHma menllOOmaa'1U
om CKopocmu e03ayxa, HanpJlJICeHHOCmunO/lJl U

pa3Mepa KaneAb

paKTep 3aBHCHMOCTH 01' Hanpjl)l(eHHOCTH 3CTI H nepBO-

HaqaJIbHoro ~HaMeTpa paCnbIJIHBaeMbIX KaneJIb. KaK H CJIe-

~OBaJIOo~aTb, HaH60JIee «qyBcTBHTeJIbHbI» K ~eHcTBmo

3CTI MeJIKHe KallJIH pa~HYCOM MeHee 10-5M. C pOCTOM

Hanpjl)l(eHHOCTH 3CTI B 60JIbilieH CTeneHH HaqHHalOT npo-

jlBJIjlTbCjI 3<p<peKTbI3JIeKTpOCTaTHqeCKOrO ~HcneprHpoBa-

HlfjI [8], CBjl3aHHble CYMeHbllIeHHeM CHJInOBepxHocTHoro
HaTjI)I(eHlfjI )I(H~KOCTH.

Ha pHC. 1 npe~CTaBJIeHbI 3aBHCHMOCTH KpHTepHjI Hyc-

CeJlbTa 01' pa~HYca KaneJlb Ro H yrna cpo HaH60Jlblllee BJIH-

jlHHe paJMepa KaneJIb CKaJbIBaeTCjI Ha 60JlblllHX yrnax aTa-

KH. TaK, npH cp = 60...90· H YMeHbllleHHH pa~Hyca 01'

Ro = 10-4 ~o Ro = 10-5 M KpHTepHH HycCeJlbTa B03pac-

TaeT 60Jlee qeM B 2 paJa. TIPH MeHbllIHX 3HaqeHHSlX cp,

PUC. J. 3aeUCUMocmb U3MeHeHUJIK03rjJrjJuu,ueHma
menAOomaa'1U C noeepXHocmu nY'1Ka mpy6 om

CKopocmu oXAaJICoGlow,eii cpeabl npu nOnepe'1HOM
o6meKaHuu:

1- e .'3Cll; 2 - ucnapumeAbHoe OXAGJlCaeHUe;
J- eoaoii; 4 - e03aYXOM

T.e. KorJJ.aOCb CTpyH CTaHOBHTCjI napanJIeJIbHOH OCH TPy-

6bl, H3MeHeHHe paJJ.HYca KaneJlb npaKTHqeCKH cJla60 BJlH-

SleT Ha 3<p<peKTHBHoCTb TenJlOOTJJ.aQH.3T0 MO)l(HO 06bSlC-

HHTh TeM, QTO npH «aTaKe» CTpyH no HOpMaJIH K nOBepx-

HOCTH KanJIH OKa3bIBaIOT cy~ecTBeHHoe B03MY~alO~ee

B03JJ.eHcTBHe Ha nOBepxHocTb CTeKaIO~eH nJIeHKH, yBe-

JlHQHBaSi3<p<peKTHBHoCTb TenJlOOTJJ.aQH.

Ha pHC. 2 npe~CTaBJIeHhI 3aBHCHMOCTH K03<p<PHQHeHTa

TenJIOOTJJ.aQH01' CKOpOCTHOXJIa)l(JJ.alO~eH cpeJJ.bI H HanpSl-

)I(eHHOCTH 3JIeKTpHQeCKOrO nonSi. HaH60nbiliero 3HaQeHHSI

a JJ.OCTHraeT npH CKOpOCTH oXJIa)l(JJ.alO~eH cpe~hl

v = 1,6 ... 1,8 M/C H Hanpjl)l(eHHOCTH nOJljl E = 30 KB/M.

Ha pHC. 3 npeJJ.CTaBneHhl pe3ynbTaTbi TeOpeTHQeCKoro

HCCJleJJ.OBaHHSI3aBHCHMOCTeH K03<p<PHQHeHToBTennOOTJJ.a-

t.1H 01' CKOpOCTH B03~yxa JJ.JlSlpa3JIHQHbIX MeTO~OB ox-
Jla)I(JJ.eHHSI.

I-b npHBeJJ.eHHbiX 3aBHCHMOCTeH BH~HO, QTO a ~OCTH-

raeT HaH60JIhlllerO 3HaQeHHjI npH HcnapHTeJlhHOM OXJI~-

~eHHH B 3CTI. 3CTI HHTeHcH<pHQHpyeT npoQecc OXJIa)l(-

JJ.eHHSI6JlaroJJ.apjl yCKopeHHIO JJ.BH)I(eHHjIKaneJlh, JJ.p06JIe-

HHIO KpynHhlx Kanenb Ha 60nee MeJlKHe, paBHOMepHoMy

nOKpblTHIO nyQKa Tpy6 OXJIa:>K,L\alO~eHcpeJJ.oH no BceMy

06beMy annapaTa.

TIpeJJ.JlO)l(eHHhIH aJIrOpHTM paCqeTa MO)l(eT 6hITb npH-

MeHeH: npH pa3pa60TKe H KOHCTpyHpoBaHHH KOHJJ.eHcaTO-

pOB HcnapHTeJlbHOrO OXJIa:>K,L\eHHjI;B opOCHTeJIbHblX Ka-

Mepax CHCTeM KOHJJ.HQHOHHpOBaHHjIB03JJ.yxa; B rpaJJ.Hp-

HSiXOXJIa)l(JJ.eHHjI060pOTHOH BO~bI.

CnHCOK JIHTepaTypbl

1. A6poCUMO(Jlo.r, HCa'leHKO B.n., COJlooo(JA.n. 06 yCTOWJH-

BOCTHnOBepxHocTH )l(H.uKOCTHB3JleKTpHlIeCKoM none IITpy-
.ubiM3I1. 1971.BbIIT.8I.

2. A6poCUMO(JIo.r, HCa'leHKO B.n., COJlooo(JA.n. HeycToWJI1-

BOCTbrroBepxHocTH )l(11.uKOCTI1B3JleKTpHlIecKoMnone II.ll:oKn.
HaYllHo-TexH. KOHQl.no I1TOraMHI1P 3a 1968 - 1969 rr., M3I1,

1969.

3. AMeJlUH A.r TeopenNecKHe OCHOBbIo6pa30BaHIDI TyMaHa

npl1 KOH.ueHcallHHnapa. - M.: XHMIDI, 1972.

4. Ea6aKuH E. e. 3JleKTpOTexHonorIDI B XOJlO.uHJIbHOHnpoMbIlll-

neHHOCTH.- M.: ArponpoMH3.uaT, 1990.

5 EeumY2aHo(J MH., Een2opoKo8 Jl.r. I13YlleHHe B3aHMo.ueHcT-

BHSIKanenb B3JleKTpHlJeCKOMnone II ATMOCQlepHOe3neKTpH-

lIeCTBO: Tp. III BcecoI03H.cHMno3HYMa. -fl.: rH.ll.pOMeTeoH3-

.uaT,1988.

6.r020HUH N.H., j{OpOX08 A.P, llupo208a 010. Terrnoo6MeH Ha

CTpySlX B npocTpaHcTBe Me)l(.uy Tpy6aMH ropH30HTaJIbHOrO

nylJKa KOH.ueHcaTopaI I TennoMaccoo6MeH - MM<1>-96. T. 4,
lJ. 2. - MI1HCK, 1996.

7.Hca'leHKo B.n. l1.up.CrpyllRoe OXJl~eHHe. - M.: 3HeproaTOMH3-

WIT, 1987.

8. lla:;lcuJ(.r, ranycm06 B.e. OCHOBbITeXHHKI1pacnblneHIDI )l(H.u-

KocTeH.- M.: XI1MIDI,1984.


