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MaTeMaTHQeCKOe HCCne,II;OBaHHe

HCrrapHTenhHOrO oxna)l()l;eHH5I Terrnoo6MeHHOrO

arrrrapaTa C IIOpHCThIMH pe6paMH
KaHO. meXH. HaYK, 'tJI.-KOp. MAX B.B. KUPEEB

AHeapcKaJ/ eocyoapcm6eHHaJ/ mexHU'IeCKaJ/ aKaOeMUJl

In the calculation of the evaporative cooling apparatus the method was used
in which during integration of the equation for calculation of quantify of heat
obtained by the air from film by convection and evaporation, the formula of
Newton-Rihman and Dalton were applied. The obtained linear differential
equations of first order can be used for determination of areas o.f refrigeration
of apparatuses with porous fins at different temperatures of water film and
parameters of atmospheric air or for evaluation of refrigerating effect at the
pre-determined surface.

TenJIoo6MeHHHKH C pe6pHcTbIMH nOBepx.uocTHMH npH-

MeHHIOTCH B rex CJIyLfaHx, KOr,ll.a TenJIoo6MeH npoHcxo-

,ll.HT Me)f(,ll.y ,ll.ByMH TenJIOHOCHTeJIHMH C 60JIbllIHM H Ma-

JIbIM K03et>et>H~HeHTaMHTenJIOoT,ll.aLfH. KaK npaBHJIO, 3TO

CHCTeMa )I(H,ll.KOCTb- B03,ll.yX.

B pe3YJIbTaTe naTeHTHoro nOHCKa H TeopeTHLfecKHx HC-

CJIe,ll.OBaHHHBblHBJIeHO, LfTOnpHMeHeHHe KanJIeo6pa3HbIX

TVy6 B B03,ll.YIlIHbIX TeIlJIOo6MeHHbIx annapaTax BMeCTO

TVy6 Kpyrnoro ceLfeHHH n03BOJIHeT YBeJIHLfHTb 3et>et>eKTHB-

HOCTb TenJIoo6MeHa.

OpH BnpbIcKe BO,ll.bI B nOTOK HarHeTaeMoro B03,ll.yxa

LfaCTbBJIam 06pa3yeT nJIeHKy Ha nOBepxHocTH TenJIoo6-

MeHa, B pe3YJIbTaTe HcnapeHHH TeMneparypa CTeHKH no-

HH)I(aeTCH [1, 3].
~pyraH LfaCTb MeJIKO,ll.HCnepCHoH BJIarH HcnapHeTcH B

nOTOKeB03,ll.yxa, KOTOpblHHaCbIll\aeTCH napaMH BO,ll.bI,,ll.BH-

)I(Yll\aH CHJIa npo~ecca Maccoo6MeHa np" 3TOM CHH)I(aeT-

CH. ~JIH HcnapeHHH 3TOH BJIarH Heo6xo,ll.HMO HMeTb MaK-

CHMaJIbHOpa3BHTYIQ nOBepxHocTb renJI006MeHa. TaKoBoH,

no HallieMY MHeHHIO, HBJIReTCR nopHcTaR nOBepxHocTb.

B ,ll.aHHOM cJIyqae - 3TO Ha60p CeTLfaTblX nJIaCTHH.

TenJIoo6MeHHbIH annapaT (CM. pHCyHOK) COCTOHT H3

Kopnyca J, BnycKHoro KOJIJIeKTOpa2, TVy6 4, BbInyCKHOro

KOJIJIeKTOpa 3, CeTQaTbIX nJIaCTHH 5, neperopO,ll.OK KOJI-

JIeKTOpOB 7, Me)I(TVy6Horo npocTpaHcTBa 6, et>OpCyHOK8.
Tpy6b1 B nonepeLfHOM CeQeHHH BbInOJIHeHbI B BH,ll.eBbI-

TRuyTOH KanJIH, LfTO n03BOJIHeT YBeJIHLfHTb nOBepxHocTb

TenJIoo6MeHa H YMeHbllIHTb ryp6YJIH3a~HlO B03,ll.yxa. ~JIR

ynyLfllIeHHH renJIOO6MeHa Tpy6bI pacnOJIO)I(eHbI B rnaXMaT-
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TenJloo6MeHHbJU annapam (a) U cxeMa 06UJlCeHUJloXJlaJIComot«eu cpeobJ (6)



HOM nOp5lAKe, npMtIeM BblnyKJIOH CTOpOHOHOHH KpemlTC}l

K CeT'laTOH nJIaCTHHe, a npOTHBOnOJIO)KHOH CTOpOHOH- K

nOCJIeAYIOll\eH CeT'-IaTOH nJIaCTHHe 5.
Tennoo6MeHHblH annapaT pa60TaeT CJIeAYJQllI,HM06pa30M.

, OXJIa)KAaeMa}l cpeAa nocrynaeT B BnyCKHOH KOJIJIeKTOp

2, 3aTeM nOA AaBJIeHHeM nocrynaeT BBepx no TPy6aM 4 B

BblnyCKHOH KOJIJIeKTOp 3. DJIarOAap}l neperopoAKe 7 Bbl-

nycKHoro KOJIJIeKTOpa3 cpeAa HanpaBJI5IeTC}l BHH3 no APY-

rOMy P}lAY Tpy6 4 B BnyCKHOH KOJIJIeKTOp 2, 3aTeM nepe-

ropoAKoH 7 BnyCKHOro KOJIJIeKTOpa2 HanpaBJI}leTC}l BBepx

no CJIeAyIOllI,eMy PMY Tpy6 4 B BblnyCKHOH KOJIJIeKTOp3 H

BbIBOAHTC}l H3 TenJIo06MeHHHKa.

IlepeA nOAaqeH B03Ayxa B Me)KTPy6Hoe npocTPaHcTBo 6
TenJIo06MeHHoro annapaTa B CTPYIO B03Ayxa HarHeTaeTC}l

MeJIKOAHCnepcHbIH paCnbIJI BOA,bI cPopcyHKaMH 8. IlpH

BnpblcKe MeJIKOAHCnepcHoro paCnbIJIa BOAbIB noroK HarHe-

TaeMoro B03Ayxa BJIara HCnap}leTC}l Ha n0BepxHocTH Ten-

JI006MeHHoro annapaTa, nOHH)Ka}} TeMneparypy CTeHKH.

BoJAyx, npOXOA}l qepe3 CeT'laTble nJIaCTHHbl 5, PMbl TPy6

4, 3a6HpaeT Tenno OXJIa)KAaeMOH cpeAbI, npoXOA}llll,eH no

TPy6aM. IlOnepeqHOe CeqeHHe TPy6bI 4 HMeeT cPOpMy BbI-

T51HYTOHKanJIH, nonoMY B03Ayx npoAOJI)KaeT conpHKaCaTb-

C}l H co BTOpOHnOJIOBHHOHnOBepXHOCTH TPy6bl 4, 3a6Hpa}l

Tenno. B pe3YJIbTaTe nOBbIllIaeTC}l 3cPcPeKTHBHOCTbTenJIO-

06MeHa, qero HeJIb3}l CKaJaTb 0 TPy6e Kpymoro CeqeHH}l.

Tenno06MeHHble 3JIeMeHTbI pacnOJIO)KeHbI B llIaXMaTHOM

nopMKe, nonoMY qaCTb B03Ayxa, nocrynHBllIero B OAHH

H3 KaHaJIOB, BbIBOAHTC}lBABa coceAHUX. ECJIH npeHe6peqb

H3MeHeHHeM nJIOTHOCTHnpH paBeHCTBe npoxOAHbIX ceqe-

HHH KaHaJIOB, TO MO)KHOC KaKoH-ro CTeneHbIO npH6JIH)Ke-

HH}l CqHTaTb, qro CKOpOCTbB03Ayxa C 06eux CTOpOH H no

BceH AJIHHe pe6pa He MeH}leTC}l. B nOM cnyqae npOl{eCC

TenJIo06MeHa B paCCMOTPeHHblX nopHCTblX Tenno06MeH-

HHKax MO)KHOnpeACTaBHTb CJIeAYJQllI,HM06paJOM.

OXJIa)KAaeMbIH B03AYX, l{HPKYJIHpyIOllI,HH no TenJIo06-

MeHHHKy, BbInOJIH}leT ABe OCHOBHbIecPYHKl{HH: BbIHY)K,AeH-

Hoe ABH)KeHHe BAOJIbHapY)KHbIX ope6peHHbIX nOBepXHOC-

TeH cnoc06cTByeT OTBOAYTenJIa OTHapY)KHbIX nOBepXHO-

CTeH (BblHy)K,AeHHa}l KOHBeKl{H}l); ABH)KeHHe B03Ayxa qe-

pe3 nopHCTble pe6pa OKa3bIBaeT BJIH5IHHe Ha nepeAaqy

TenJIa no AJIHHe pe6pa, npOHCXOA}llll,YIO no 3aKOHaM Ten-

JIOnpOBOAHOCTH.

.ll:JI}l nonyqeHH}l AH<PcPepeHl{HaJIbHOrO ypaBHeHH}l H3Me-

HeHH}l TeMneparypbI pe6pa no BbICOTe TenJIo06MeHHHKa

H yCTaHOBJIeHH}l CB}l3H ero C napaMeTPaMH, onpeAemlIO-

Il.\HMH 3TO H3MeHeHHe, BbIAeJIHM 3JIeMeHTapHbIH CJIOHno-

BepXHOCTH pe6pa eAHHHqHOH llIHpHHbI C BbICOTOHdx' .ll:JI}l

3Toro 06'beMa COCTaBHM ypaBHeHHe TenJIOBOrO 6aJIaHca.

IlJIOTHOCTb TenJIOBoro nOTOKa, npOXOA}llll,erO qepe3 Ten-

JIOBbIAeJI}lIOllI,YIO nOBepXHOCTb B npeAeJIax BbIAeJIeHHOrO

3JIeMeHTa qc' 3anHllIeM B BHAe [2]:

dQc atw
qc = dx.l = Pwcpwgw ax· 1' (1)

rAe Qc - KOJIHqeCTBO TenJIOTbI;

Pw - nJIOTHOCTb BOAbI;

cpw - TenJIOeMKOCTb BOAbl;

tw - cpeAHe06'beMHa}l TeMneparypa pe6pa no TOJI-

llI,HHe B npeAeJIax BbiAeJIeHHOrO 06'beMa.

Tenno, nonyqeHHoe OT3JIeMeHTa TenJIOOTAaIOllI,eH nOBep-

XHOCTH dx·l, pacxoAyeTC}l Ha nOBbIllIeHHe TeMneparypbI

B03Ayxa, a TaK)Ke Ha YBeJIHqeHHe ero BJIarOCOAep)KaHH}l.

KOHBeKTHBHa}l COCTaBJI}lIOllI,a}l qa. Mo'»ceT 6bITb Bblpa-

)KeHa CJIeAyIOllI,HM paBeHcTBoM [2]:

dfla atB
qa = dx.l =PBCpBgB ax.(
Macco06MeHHa51 COCTaBAAIOllI,a51q[} (2):

q _ d~ _ () C r adB
fl - dx .1- •....B PB ax ·1'

rAe r - YAeJIbHa}l TenJIOTa napo06paJOBaHH}l;

tB H dB - COOTBeTCTBeHHO cpeAHe06'beMHble TeMne-

parypa H BJIarocoAep)KaHHe no TOJIllI,HHe nOTOKa B

npeAeJIaX BbiAeJIeHHOrO 06'beMa.

IloJIara}l, qTO npOl{eCC TenJIO- H MaCCOOTAaqH B npeAe-

JIax BbiAeJIeHHOrO 06'beMa }lBJI}leTC}l YCTaHOBHBllIHMC}l BO

BpeMeHH,npHMeM,qTO

qc=qa+qll' (4)
IlocJIe nOACTaHOBKH B Bblpa)KeHHe (4) ypaBHeHHH (1),

(2), (3) nonyqHM ypaBHeHHe TenJIOBOrO 6aJIaHCa B AHcPcPe-

peHl{HaJIbHOH cPopMe: .

atw atB adB
Pwcpwgw ax.l =PBcpBgB ax.l +PBgBr ax.l· (5)

IlocJIe COOTBeTcTByIOllI,HX npe06paJoBaHHH nony'lHM

gc = pwgwcpwdrw = PBgBdiB· (6)

YpaBHeHHe (6) COBMeCTHO C ypaBHeHH5IMH ABH)KeHH}l,

CnJIOllIHOCTH, 3HeprHH H Macco06MeHa npeACTaBJI}lIOT CH-

cTeMy AHcPcPepeHl{HaJIbHbIX ypaBHeHHH, KOTopble onHCbl-

BaIOT CKOpOCTHble, TeMneparypHble H BJIa)KHOCTHble nOJI}l

nOTOKOB paCnblJIHBaeMOH BOAbI H B03Ayxa.



,l];ml peWeHHR :nOH CHCTeMhI He06xo.n;HMO npHHRTh

rpaHH'IHhIe yCJIOBHR [2] .n;JIRBO.n;HOHa3p030JIH H nOTOKa

B03.n;yxa: CKOpOCThnJIeHKH, 06pa3ylOIQeHCR Ha nopHcToH

BepTHKaJIhHOH nOBepxHocTH Wnn = 0, CKOpOCThB03.n;yxa y

ee nOBepXHocrn paBHa CKOpocrn nOBepXHocrn nJIeHKH. rpa-

.n;HeHTCKOpOCTHHa BHeWHeH rpaHHQe norpaHHqHOrO CJIOR

dWB =0.
dy
KaCaTeJIhHhIe HanpR)I(eHHR conpOTHBJIeHHR Ha rpaHHQe

pa3.n;eJIa<pa3paBHhI Me)l(.n;y C060H [1]:

dWI1J1 _ dWB

Ilw -d- - -IlBd (7)
Y Y=Onn Y Y=Onn

me Jlw,Jlo - Ko3<l><PHQHeHThI.n;HHaMHqeCKOHBR3Kocrn BO.n;hI
H B03.n;yxa COOTBeTCTBeHHO.

Ha rpaHHQe cTeKalOmeH nJIeHKH C TBep.n;oH nOBepxHoc-

dtI1J1 0 .ThIO -- = , Ha rpaHHQe pa3.n;eJIa <pa3 TeMneparypa
dy

nJIeHKH paBHa TeMneparype conpHKaCaIOIQerOCR C HeH

CJIORB03.n;yxa tw = t:. rpa.n;HeHT TeMneparyphI B03.n;yxa

dtg 0
Ha BHeWHeH rpaHHQe paBeH dy =

B KaqeCTBe rpaHHqHhIX yCJIOBHHnpHHHMaeTcR, qTO nap-

QHaJIhHOe.n;aBJIeHHeBo.n;RHoronapa MaKCHMaJIhHOnpH TeM-

neparype nOBepxHocrn nJIeHKH. Ha BHeUIHeH rpaHHQe no-

rpaHHqHOrO CJIORrpa.n;HeHT napQHaJIhHhIX .n;aBJIeHHH

dPn = 0 HJIH d(dB) = O.
dy dy

Bo.n;a nocrynaeT Ha nOBepxHocTh co CKOpOCThIO WnJI =
= const H TeMneparypoH tnJI = const.

TIOTOK B03.n;yxa TaK)l(e nocrynaeT B KaHaJI C nOCTORH-

HhIMH CKOpOCThIOWo = const, TeMneparypoH to = const H

napQHaJIhHhIM .n;aBJIeHHeMnapa Pn,l = const.
KOJIHqeCTBO HcnapHBweHcR BO.n;hIB 3JIeMeHTe OXJIa.n;H-

TeJIR He3HaqHTeJIhHO, n03ToMY pacxo.n; BO.n;hIHa Bxo.n;e H

BhIxo.n;e 3JIeMeHTa gw= const.

B KaqeCTBe rpaHHqHhIX yCJIOBHH npHHRTo, qTO Ten-

JIOBOH nOTOK, oTBe.n;eHHhIH OT BO.n;hIK B03.n;yxy, paBeH

cyMMe KOHBeKTHBHOH H Macco06MeHHoH COCTaBJIRIO-

meH.

Ha OCHOBaHHH npHHRThIX .n;onYIQeHHH 6aJIaHC TenJIa,

OT.n;aHHoro nJIeHKOH H nOJIyqeHHoro nOTOKOM B03.n;yxa,

MO)l(HO BhIpa3HTh cJIe.n;yIOIQHMypaBHeHHeM:

Pwc pwg w (twl - tw2) =

= PBgJCp6(tB2 -tB1)+ r(dB2 -dBl)]. (8)

B ypaBHeHHH (8) TenJI0<pH3HqeCKHe napaMeTphl BO.n;hIH

B03.n;yxa onpe.n;eJIRIOTCRnpH cpe.n;HHX TeMneparypax 3THX

cpe.n; no .n;JIHHenOTOKOB.

TIPH pacqeTe annapaTOB HcnapHTeJIhHOrO OXJIa)I()J;eHHR

pacnpOCTpaHeHhI MeTO.n;hI,B KOTOphIXnpH HHTerpHpOBaHHH

ypaBHeHHR (5) .n;JIRpacqeTa KOJIHqeCTBa TenJIa, OTHHMae-

MOro OTnJIeHKH B03,D;yxOM,KOHBeKQHeHH HcnapeHHeM, HC-

nOJIh3Y1OTCR<pOPMYJIhIHhIOTOHa-PHxMaHa H ,l];aJIhTOHa:

qa = a(tw - tB), (9)
r.n;ea - K03<P<PHQHeHTTenJIOOT.n;aqH.

q[3 = l3pr(Pn,c - Pn,o)' (10)
r.n;e 13p - K03<P<PHQHeHTMaCCOOT.n;aqH,OTHeceHHhIH K pa3-

HOCTHnapQHaJIhHhIX .n;aBJIeHHH.

TIPH COBMeCTHOMperneHHH ypaBHeHHH (2) H (9) nonyqaeM:

atB ( )
PBgBCp6 ax.l = a tw -tB • (11)

TIPH COBMeCTHOMperneHHH ypaBHeHHH (3) H (10) nOJIy-
qaeM:

adB A (
PBgBr ax.l =ppr Pn,c-Pn,o). (12)

TIo.n;CTaBAARBhIpa)l(eHHR (11) H (12) B ypaBHeHHe (5),
nonyqHM:

atw
Pwcpwgw ax .1 =

= a(tw - tB) + l3pr(Pn,c - Pn,o)'

JIHHeMHhIe .n;H<p<pepeHQHaJIhHhIeypaBHeHHR nepBOrO no-

pR.n;Ka (11), (12) H (13) MOryT 6hITh HCnOJIh30BaHhi .n;JIR

onpe.n;eJIeHHR nJIOIQa.n;eHOXJIa)l()J;eHHRannapaTOB CnopHc-

ThIMH pe6paMH npH Pa3JIHqHhIX TeMneparypax nJIeHKH

BO.n;hIH napaMeTpax aTMoc<pepHoro B03.n;yxa HJIH.n;JIROQeH-

KH OXJIa)I()J;alOIQero 3<p<peKTaannapaTa npH 3a.n;aHHoH no-

BepXHOCTH.
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