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TeIIJIoo6MeH M TeqeHMe ra3a B BbIXJIOIIHOM

rrOJIOCTMcTyrreHM rrOpllIHeBOrO ,II;eTaH,II;epa
A.IO. fPHfOPhEB

Cll6FYHullT

Using the mathematical model of axially symmetric gas flow, on the basis of
Reynolds equations, for the exhaust chamber of the reciprocating expander
stage the following was calculated: the fields of velocities, gas temperatures,
local and averaged over the surfaces coefficients of heat transfer, average
mass gas temperature at the exit, etc. depending on geometrical dimensions
of the chamber, location of inlet and outlet windows, their area, temperature
of walls.

B HaCTOjilQee BpeMji C03,L1,aHHe3<p<peKTHBHbIX H Ha,LI,e)l(-

HbIX nopuIHeBblx ,LI,eTaH,LI,epOBHepaJpbIBHO CBji3aHO C npH-

MeHeHHeM cOBpeMeHHblx MeTO,Ll,OBpaCqeTa, OCHOBaHHblX

Ha MO,Ll,eJIHpOBaHHHnpoTeKaIOIlIH)C B pa60qHX KaMepax; <pH-

3HqeCKHX npoueccoB H n03BOJIj!IOIlIHX Ha CTa,LI,HHnpoeKTH-

P0BaHMji HaXO,Ll,HTbOnTHMaJIbHOeKOHCTpYKTHBHOeHCnOJIHe-

HHe cryneHH ,LI,eTaH,LI,epaH BXOMlQHX B ee COCTaBc6opoq-

HbIX Y3JIOBH OT,LI,eJIbHbIX3JIeMeHTOB.IIpH OnTHMH3aUHH KOH-

CTPyKUHH cryneHH B KaqeCTBe ueJIeBOH <pyHKUHH 06blqHO

npHHHMaeTCji KOHeqHM TeMneparypa raJa Ha BbIXO,Ll,e,LI,e-

TaH,LI,epa,MHHHMYM KOTOPOH,LI,JIj!O,Ll,HOroH3 n-ro qHCJIa pac-

cMaTPHBaeMblx Ha CTa,Ll,HHnpOeKTHpOBaHHji BapHaHToB HC-

nOJIHeHMji ,LI,eTaH,LI,epaC 3a,Ll,aHHbIMpe)l(HMOM pa60TbI H TPe-

6yeMbIM paCXO,Ll,OMra3a H 6Y,Ll,eTCOOTBeTCTBOBaTbonTH-

MaJIbHOHKOHCTPyKUHHcryneHH ,LI,eTaH,LI,epa.

B cylQeCTByIOlQHX MeTO,Ll,HKaXpaCqeTa no,Ll, KOHeqHOH

TeMnepaTypoH raJa, KaK npaBHJIO, nOHHMaIOT BeJIHqHHY,

KOTOpaji cOOTBeTcTByeT Cpe,Ll,HeMaCCoBoH 3a BpeWI npo-

ueCCOB BbIXJIOn - BbITaJIKHBaHHe TeMnepaType ra3a Ha

cpe3e BbIXJIOnHbIX OKOHUHJIHH,LI,pacryneHH ,LI,eTaH,Ll,epa.He-

Tpy,Ll,HOnpe,Ll,BH,LI,eTb,qTO B pe3YJIbTaTe TeIIJIOo6MeHa BbI-

TeKaIOlQerO H3 UHJIHH,LI,paXOJIO,Ll,HOrOra3a C 60JIee TenJIbI-

MH CTeHKaMH BbIXJIOnHOH nOJIOCTH <paKTHqeCKaji TeMne-

parypa ra3a 3a ,LI,eTaH,LI,epOM6Y,Ll,eTBbIllie paCqeTHOH, on-

pe,Ll,eJIjieMOHno cylQeCTByIOlQHM MeTO,Ll,HKaM.Pa3JIHqHe B

3HaqeHHjiX Cpe,Ll,HeMaCCoBbIXTeMnepaTyp Ha BbIXO,Ll,eH3

pa60qeH H BbIXJIOnHOH KaMep 6Y,Ll,eT3aBHceTb OT CKOPOC-

TeH TeqeHHji ra3a OTHOCHTeJIbHOCTeHOKBbIXJIOnHOH nOJIO-

CTH, TeMnepaTypbI H nJIOIlIa,Ll,HnOBepxHocTeH TenJIoo6Me-

Ha BbIXJIOnHOH KaMepbI, OT B3aHMHoro pacnOJIO)l(eHHji H

COOTHOllIeHMjinJIOlQa,Ll,eHCeqeHHH BbIXJIOnHbIX OKOHUHJIHH-

,LI,paH BbIXO,Ll,HOrOnaTpy6Ka cryneHH, a TaK)l(e OTpji,Ll,a,LI,Py-

nix <paKTopOB.

YqeT cOBoKynHocTH YKa3aHHblx <paKTopOB B03MO)l(eH,

eCJIH npH pa3pa6oTKe MeTO,Ll,HKHpaCqeTa pa60qHX npo-

ueCCOB B BbIXJIOnHOH nOJIOCTH ,LI,eTaH,LI,epHOHcTyneHH 3a

OCHOBynpHHHh anp06HpOBaHHyIO aBTopoM MaTeMaTHqeC-

KyIO MO,Ll,eJIbra30,Ll,HHaMHqeCKHX H TenJIOBbIX npoueccoB B

UHJIHH,LI,paxnpjiMOTOqHOH ,LI,eTaH,LI,epHOHH KOMnpeccopHbIX

cryneHeH [1 - 5, 8], yqHTbIBaIOIlIYIO cTpyHHo-BHxpeBoH,

cyry60 HecTaUHoHapHbIH xapaKTep TeqeHHji ra3a .. IIpH

TaKOM nO,Ll,XO,Ll,eB OCHOBe paJpa6aTbIBaeMoH MaTeMaTH-

qeCKOH MO,Ll,eJIH,onHcbIBaIOIlIeH pa60qHe npoueccbI B BbIX-

JIOnHOH nOJIOCTH, COXpaHjieTCji KOMnJIeKC <pYH,LI,aMeHTaJIb-

HbIX ypaBHeHHH PeHHOJIb,Ll,Ca,LI,JIjiryp6yJIeHTHOro, HeCTa-

UHOHapHoro TeqeHHji Bji3KOro raJa [7, 9]. BHOCHMble B HO-

BbIH BapHaHT MO,Ll,eJIHH3MeHeHHji B OCHOBHOM CBji3aHbI C

3a,Ll,aHHeMrpaHHqHbIX yCJIOBHH (HeT nO,Ll,BH)I(HOrOnOpllIHji,

KJIanaHOB H ,LI,p.)H y'leTOM B3aHMOCBji3H napaMeTpOB ra3a

B pa60qeH KaMepe H BbIXJIOnHOH nOJIOCTH.

B paJpa6oTaHHoH MO,Ll,eJIHBBe,Ll,eHbI ,LI,OnOJIHHTeJIbHhle

,LI,OnYIlIeHHji, B qaCTHOCTH:

• BbIXJIOnHaji nOJIOCTb cryneHH ,LI,eTaH,LI,epaoceCHMMeT-

pH'lHa;

• napaMeTpbI TeqeHHji ra3a Ha BXO,Ll,eB BbIXJIOnHYIO no-

JIOCTb H,LI,eHTH'lHbI napaMeTPaM TeqeHHji ra3a Ha BbIXO,Ll,e

H3 pa60qeH KaMephI (ceqeHHe BbIXJIOnHbIX OKOH UHJIHH,LI,-

pa), paCCqHTaHHbIM npe,Ll,BapHTeJIbHO C nOMOIlIbIO anpo-

6HpoBaHHoH MO,Ll,eJIH[4].
Pa3pa6oTaHHaji MaTeMaTHqeCKaji MO,Ll,eJIbpeaJIH30Ba-

Ha Ha 3BM B BH,LI,enpHKJIa,Ll,HOHnporpaMMbI paCqeTa pa-

60qHX npoueccoB B BbIXJIOnHOH nOJIOCTH cTyneHH ,LI,eTaH-

,LI,epa,HCnOJIb30BaHHe KOTOpOHHa CTa,Ll,HHnpOeKTHpOBaHHji

n03BOJIjieT:

• nOJIyqaTb <pH3HqeCKH 06ocHoBaHHyIO KapTHHy nOJIeH

TeMnepaTyp, ,LI,aBJIeHHH,nJIOTHOCTeH H CKopocTeH nOTOKa

ra3a B BhIXJIOnHOH nOJIOCTH C BaphHpyeMhIMH reoMeTpH-

qeCKHMH paJMepaMH ,LI,JIjiBcex ymoB nOBopoTa BaJIa;

• onpe,Ll,eJIjiTb MrHOBeHHble, JIOKaJIbHble 3HaqeHHji K03<p-

<pHUHeHToBTenJIOOT,LI,aqHH y,Ll,eJIbHbleTenJIOBble nOTOKH no

BceM nOBepXHOCTjiM BbIXJIOnHOH nOJIOCTH 6e3 HCnOJIb30-

BaHHji KaKHX-JIH6o 3MnHpHqeCKHX 3aBHcHMocTeH H K03<p-

<pHUHeHToB;

• nporHo3HpoBaTh O)l(H,LI,aeMbleTeXHHKO-3KOHOMHLleCKHe



IlOKa3aTeJUI pa60TbI IlpoeKTHpyeMoH cTyIleHH ,neTaH,nepa

I1 peKOMeH,nOBaTb Ha OCHOBe aHaJII13a pe3YJIbTaTOB pacqe-

Ta Te I1JII1I1Hble I13MeHeHI1JI B KOHCTpyKQI1H BbIXJIOilHOH IlO-

JIOCTI1, cIloc06cTByIOlll,I1e IlOBbIllIeHI1IO 3<p<peKTI1BHOCTI1H

Ha,ne)l(HOCTI1 pa60TbI ,neTaH,nepa.

B I13BeCTHbIX JII1TepaTypHbIX HCTOqHI1KaX IlpaKTHqeCKI1

OTCyTCTByIOT Ha,ne)l(Hble ,naHHble 0 JIOKaJIbHbIX, IlepeMeH-

HbIX BO BpeMeHI1 CKOpOCTJIXra3a, TeIlJIOBbIX IlOTOKax H KO-

3<P<PHQI1eHTaX TeIlJIOOT,naqI1 Ha TeIlJI006MeHHbIX IlOBepx-

HOCTJIX BbIXJIOIlHbIX IlOJIOCTeH cTyIleHeH ,neTaH,nepHbIX

MallII1H, a CBe,neHI1JI 0 paCIlpe,neJIeHI1H ,naBJIeHI1H H TeMIle-

paTyp ra3a IlO 06'beMy pa60qI1x IlOJIOCTeH HOCJIT OTpbI-

BOqHbIH xapaKTep. Il03TOMy HCIlOJIb30BaHI1e Ilpe,nJIarae-

MOH MeTo,nI1KH paCqeTa Il03BOJII1T He TOJIbKO my6)1(e I13Y-

qHTb IlpOQeCCbI, IlpOTeKaIOlll,He B BbIXJIOilHOH IlOJIOCTH, HO

H IlpHHHMaTb 60JIee 060CHOBaHHble pellIeHHJI IlO OmHMaJIb-

HOMy COqeTaHHIO reOMeTpIflleCKHX paJMepOB BbIXJIOIlHbIX

IlOJIOCTeH ,neTaH,nepHbIX c;TyIleHeH Ha CTa,nHI1 IlpoeKTHpo-

BaHI1JI H I13rOTOBJIeHHJI OilbITHOrO 06pa3Qa ,neTaH,nepa.

HI1)1(e IlpHBe,neHbI pe3YJIbTaTbI paCqeTa pa60qHX IlPO-

QeCCOB, IlpOTeKaIOlll,HX B BbIXJIOilHOH IlOJIOCTH ,neTaH,nep-

HOH cTyIleHH arperaTa )l,KA20-1 0/1 C [6], IlOJIyqeHHble IlpH

HCIlOJIb30BaHI1I1 pa3pa60TaHHoH MeTo,nHKH H IlporpaMMbI

paCqeTa.

)l,eTaH,nepHaJi CTYIleHb arperaTa I1 pe)l(HM ee pa60TbI xa-

paKTepI13yIOTCJI CJIe,nyIOlll,HMH IlapaMeTpaMH: XO,n IlOPW-

HJI 45 MM; ,nHaMeTP IlOPIlIHJI 50 MM; OTHOCHTeJIbHaJi ,nJIHHa

KPI1BOIlII1Ila 0,196; OTHOCHTeJIbHaJI BeJIHqHHa MepTBoro IlPO-
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Puc. 1. floJlfl cKopocmeu me'leHUfi 2030 8 8blXJIOnHOU KOMepe
JemoHJepo

CTpaHCTBa 0,19; qaCTOTa Bpalll,eHI1JI BaJIa 1500 06/MI1H;

HaqaJIbHOe ,naBJIeHI1e 1 MIla; KOHeqHOe ,naBJIeHI1e 0,1 MIla;

HaqaJIbHaJi TeMileparypa ra3a 303 K; pa60qHH ra3 - B03-

,nyx; TeMilepaTypa CTeHOK pa60qeH KaMepbI IlpI1HJITa paB-

HOH 273 K. YroJI OTKpbITHJI BbIXJIOIlHbIX OKOH 1350
, 3aKpbI-

TI1JI- 2250
• CryIleHb YKoMIlJIeKTOBaHa BIlYCKHbIM KOJIbQe-

BbIM KJIailaHOM C O,nHOH KOJIbQeBOH IlJIaCTI1HOH co cpe,n-

HHM ,nHaMeTPoM 40 MM.

BbIXJIOilHaJi IlOJIOCTb cTyIleHH (pHc.1) Ilpe,ncTaBJIJIeT co-

60H KOJIbQeBoe, KOHQeHTPI1qHOe C pa60QeH KaMepoH IlPO-

cTpaHcTBo, o6'beM KOToporo V
B

.n oIlpe,neJIJIeTCJI BHyTpeH-

HHM r H HapY)l(HbIM R pa,nHycaMH H oceBbIM pa3MepoM L
BbIXJIOilHOH IlOJIOCTH.

IlpH pa3pa6OTKe KOHcTpyKQHH ,neTaH,nepHoH cryIleHI1

06bIQHO CTaBI1TCJI3a,naQa - IlpI1 <pHKcHpoBaHHblx IlapaMeT-

pax pa60QeH KaMepbI (,nHaMCTP QHJIHH,npa H XO,n IlOPIlIHJI)

HaHTI1 TaKoe COQeTaHHe reoMeTPI1QeCKHX paJMepoB (R, L),
o6'beMa V

B
.n H COOTHOllIeHHH CeQeHHH KaHaJIOB Ha Bxo,ne FBX

I1BbIxo,ne FBbIX BbIXJIOilHOH IlOJIOCTH, IlpH KOTOPbIXB IlpoQec-

cax BbIXJIOil - BbITaJIKHBaHHe He Ha6JIIO,naJIOCb 6bI 3HaQH-

TeJIbHOrO IlOBbIllIeHI1JI ,naBJIeHI1H B BbIXJIOilHOH IlOJIOCTHI1 B

TO )l(e BpeMJI MHHHMH3HPOBllJIHCb TeIlJIOIlpI1TOKI1 K XOJIO,n-

HOMy raJy OT 60JIee TeIlJIbIX CTeHOK BbIXJIOilHOH IlOJIOCTI1.

YKa3aHHaJi 3a,naQa pelllaJIaCb IlyTeM BbIIlOJIHeHI1H QI1C-

JIeHHOrO 3KCIlepHMeHTa C I1CIlOJIb30BaHI1eM paJpa60TaHHOH

MeTo,nI1KH. K OCHOBHbIM QeJIHM CIlJIaHI1pOBaHHoro QI1CJIeH-

Horo 3KCIlepI1MeHTa CJIe,nyeT OTHeCTH:

• I13YQeHHe BJII1JIHHJI reOMeTpI1QeCKHX pa3MepOB BbI-

XJIOilHOH IlOJIOCTI1 (R, L, F
Bblx

) H pa3JIHQHOrO OTHOCHTeJIb-

Horo paCIlOJIO)l(eHI1JI BbIXJIOIlHbIX OKOH pa60QeH KaMepbI I1

BbIXO,nHOro IlaTpy6Ka ,neTaH,nepHOH cryIleHH Ha HHTeHCI1B-

HOCTb ra30,nHHaMHQeCKI1X H TeIlJIOBbIX IlpOQeCCOB B BbI-

XJIOilHOH IlOJIOCTH;

• BbIJIBJIeHHe 3aKOHOMepHOCTeH H3MeHeHHJI KOHeQHOH

cpe,nHeMaCCOBOH TeMilepaTypbI ra3a 3a ,neTaH,nepOM T
M

B

<PYHKQHHOT YKaJaHHbIX BbIllIe IlapaMeTPOB H TeMilepaTy-

pbI CTeHOK BbIXJIOilHOH KaMepbI;

• IlOJIyqeHHe IlpaKTHQeCKHX peKOMeH,naQHH IlO OIlTHMH-

3aQHH KOHCTpyKQHH BbIXJIOIlHbIX IlOJIOCTeH B COCTaBe ,ne-

TaH,nepHbIX cTyIleHeH.

B npoQecce QHCJIeHHOrO 3KcnepHMeHTa BHYTPeHHHH pa-

,nHyc r BbIXJIOilHOH IlOJIOCTH, 06yCJIOBJIeHHbIH 3a,naHHbIM

,nHaMeTpOM QIfJII1H,npa Du. H TOJIlll,HHOH QIfJIHH,npOBOH BryJI-

KH, OCTaBaJICJI HeH3MeHHbIM (r = 35 MM), a pa3MepbI R H L
BbIXJIOilHOH IlOJIOCTH H3MeHJIJIHCb B 3a,naHHOM ,nI1aIlaJOHe.

B KaQeCTBe HCXO,nHOro 6bIJI IlpHHHT BapHaHT I1CnOJIHeHI1H

BbIXJIOilHOH IlOJIOCTH C R = 45,5 MM H L = 39,6 MM, IlpH

KOTOpbIX o6'beMbI BbIXJIOilHOH IlOJIOCTH V
B

.n H QHJIHH,npa

,neTaH,nepHoH cTyIleHH Vu. paBHbI, a HX COOTHOllIeHHe Kv =
= VB.n/ Vu. = 1 IlpH Vu. = fi.Du.,sn) = canst.

)l,JIJI PaJJII1QHbIX BapHaHToB HCIlOJIHeHHH cTyIleHH (BbI-

XJIOilHOH IlOJIOCTI1), HCCJIe,nyeMblx B IlpoQecce QHCJIeHHOrO



3KCnepl1MeHTa, BeJIl1'fl1Ha Kv 3aJ],aBaJIaCb J],l1CKpeTHO B J],l1-

ana30He 0,4 ~ Kv ~ 2,0. ITPl1 3TOM l13MeHeHl1e 06beMa BbI-

XJIOnHOH nOJIOCTl1 V
B

.n (a CJIeJ],OBaTeJIbHO, l1 BeJIl1'fl1HbI Kv)

oCYI.l.\eCTBJIRJIOCb J],ByMR nyTRMl1:

• npl1 nepeMeHHoM 06beMe BbIXJIOnHOH nOJIOCTl1 coxpa-

HRJIl1Cb paJ],l1aJIbHble ra6apl1TbI cTyneHl1 (R = 45,5 MM =

= const H 16 ~ L ~ 80 MM);

• npH nepeMeHHOM 06beMe BbIXJIOnHOH nOJIOCTl1 co-

XpaHRJICR ee oceBOH pa3Mep (L = 16 MM = const l1 45,5 ~

~ R ~ 74 MM).
Bo Bcex CJIyqaHX paCqeTbI npoBoJ],l1JIl1 J],JIR J],ByX pacno-

JIO)l(eHl1H BXOJ],HbIX l1 BbIXOJ],HbIX OKOH:

• OKHa pa3HeceHbI no yrJIaM BbIXJIOnHOH KaMepbI

(Pl1C. l,a), CMeI.l.\eHl1e ti = A;
• OKHa pacnOJIO)l(eHbI B u;eHTpe BbIXJIOnHOH KaMepbI Ha-

npOTl1B J],pyr J],pyra (Pl1c. 1,6), CMemeHl1e ti = O.
Ha Pl1c. 1 B KaqeCTBe npl1Mepa nOKaJaHbI paCqeTHble

nOJIR CKopocTeH ra3a B BbIXJIOnHOH nOJIOCTl1 npRMOTOqHOH

J],eTaHJ],epHoH cryneHl1 arpe~aTa .ll:KA20-1 0/1 C C reOMeT-

pl1qeCKl1Ml1 pa3MepaMl1, cooTBeTcTBYIOI.l.\l1Ml1 Kv = 1, R =

= 45,5 MM l1 L = 39,6 MM J],JIR cPl1KCl1pOBaHHoro yma nOBO-

pOTa BaJIa <p = 150
0
, COOTBeTCTBYIOmero HaqaJIbHOH CTa-

J],l1l1npou;ecca BbIXJIOna npl1 qaCTl1qHO OTKpbITbIX BbIXJIOn-

HblXOKHax.

AHaJIl13l1pyR nOJIyqeHHble J],aHHble, OTMeTl1M CJIeJ],yIO-

I.l.\ee:

./ TIPl1 JII060M KOHCTpyKTl1BHOM l1CnOJIHeHl1l1 BbIXJIOn-

HOH nOJIOCTH TeqeHl1e raJa B HeH HOCl1T CTpyHHO-Bl1XpeBOH

xapaKTep .

./ CMeI.l.\eHl1e OCl1 BbIXOJ],Horo narpy6Ka cryneHl1 OTHOCl1-

TeJIbHO nJIOCKOCTl1 pacnOJIO)l(eHIDI BbIXJIOnHbIX OKOH U;HJIl1H-

J],pa cymecTBeHHO OTpa)l(aeTCR Ha JIOKaJIbHbIX CKOpOCTRX

TeqeHl1R raJa B npeJ],eJIax 06beMa BbIXJIOnHOH nOJIOCTl1.

B BbIXJIOnHOH nOJIOCTl1, KOHCTpyKTl1BHO COOTBeTcTByIO-

I.l.\eH CJIyqaIO ti = A (CM. Pl1c. l,a), B npou;ecce BbIXJIOna

B03Hl1KaIOT BbICOKl1e (J],o 30 M/C) CKOpOCTl1 TeqeHl1R ra3a

BJ],OJIbTopu;eBoH nOBepXHOCTl14, npl1MbIKaIOI.l.\eH K Hal160-

JIee HarpeTbIM 3JIeMeHTaM 6aJbI arperaTa. YpoBeHb CKO-

pocTeH OTHOCl1TeJIbHO BHeUIHeH U;l1JIl1HJ],pl1qeCKOH nOBepx-

HOCTl1 2 HeCKOJIbKO Hl1)1(e M paBeH 10... 15 M/C. EI.l.\e Hl1)1(e

CKOpOCTl1 TeqeHl1R ra3a BJ],OJIb BHyTpeHHeH U;MJIl1HJ],pl1qeC-

KOH nOBepXHOCTl1 1 (MaKCl1MaJIbHble l1X 3HaqeHl1R He npe-

BbIllIaIOT 5 wc). ITPl1 3TOM B6JIl13l1 BbIXJIOnHbIX OKOH Ha-

6JIIOJ],aeTcR B03Hl1KHOBeHl1e CJIa60Bblpa)l(eHHbIX Bl1XpeBbIX

nOTOKOB. Ml1Hl1MaJIbHbIH ypoBeHb CKopocTeH raJa

(2 ... 3 M/C) xapaKTepeH J],JIR Topu;eBoH nOBepXHOCTl13, pac-

nOJIO)l(eHHOH npl1MepHO Ha cepeJ],l1He xOJ],a nopllIHR.

TaKl1M 06paJOM, J],JIR BbIXJIOnHOH nOJIOCTl1 J],aHHoro KOH-

cTpyKTl1BHOrO l1CnOJIHeHl1R (ti = A) xapaKTepHo HaJIl1ql1e

OCHOBHoro (TpaH3l1THoro) nOTOKa raJa B HanpaBJIeHl1l1 OCl1

U;l1JIl1HJ],pa01' BbIXJIOnHbIX OKOH K BbIXOJ],HOMy naTpy6ry cry-
neHl1 npl1 MaKCl1MaJIbHOM ypoBHe CKopocTeH Ha BHellIHeH

U;l1JIl1HJ],pl1qeCKOH nOBepxHocTM BbIXJIOnHOH nOJIOCTl1, qTO

npl1 npoql1x paBHblx YCJIOBl1RX 6yJ],eT HeraTl1BHO OTpa)l(aTb-

CR Ha 3cPcPeKTl1BHOCTl1 pa60TbI cTyneHl1 J],eTaHJ],epa.

ITPM pacnOJIO)l(eHl1l1 BbIXOJ],HOro naTpy6Ka cryneHl1 no

u;eHTpy BbIXJIOnHOH KaMepbI HanpOTl1B BbIXJIOnHbIX OKOH

U;l1JIl1HJ],pa (ti = 0, CM. Pl1c. 1,6) ypoBeHb CKopocTeH nOTOKa

raJa, OMbIBaIOmero BHyTpeHHl1e nOBepXHOCTl1 BbIXJIOnHOH

nOJIOCTM, pe3Ko CHl1)1(aeTCR, npl16JIM)I(aRCb K HyJIIO Ha TOP-

u;eBbIX nOBepxHocTRX 3 M 4. OCHOBHOH nOTOK ra3a - paJ],M-

aJIbHbIH, J],BM)I(ymMHcR TpaH3MToM qepe3 BbIXJIOnHYIO no-

JIOCTb B HanpaBJIeHMl1 BbIXJIOnHOrO naTpy6Ka CT)'IleHM. ITPl1

3TOM qaCTb BbITeKaIOmero M3 U;MJIMHJ],pa ra3a cOBepllIaeT

Bl1XpeBOe J],BM)I(eHMe CJIeBa M cnpaBa 01' OCHOBHoro nOTO-

Ka, BCJIeJ],CTBMe qero OTHOCMTeJIbHO ero cPOpMMpyIOTCR BHX-

peBble 30HbI C ypoBHeM CKopocTeH 2 ... 5 M/C. B6JIM3M CTe-

HOK BbIXJIOnHOH nOJIOCTH CKOpOCTh BHXpR 3Haql1TeJIbHO HH)l(e

CKOpOCTM OCHOBHOro nOTOKa raJa. TaKMM 06paJOM, «BMX-

peBaH npOCJIOHKa» BbInOJIHReT cPYHKIJ;HM cBoe06paJHoro Ten-

JIOM30JIRTOpa Me)l(J],y TpaH3~THbIM nOTOKOM raJa M TenJIO-

06MeHHbIMM nOBepXHOCTRMM BbIXJIOnHOH nOJIOCTl1.

YKaJaHHoe n03BOJIReT nporH03MpOBaTb CHM)I(eHMe K03cP-

cPMU;MeHToB TenJIOOTJ],aqM M TenJIOBbIX nOTOKOB Ha TenJIO-

06MeHHblx nOBepxHocTRX BbIXJIOnHOH nOJIOCTl1 paccMaT-

pMBaeMoro KOHCTpyKTMBHoro MCnOJIHeHMR (ti = 0), a CJIe-

J],OBaTeJIbHO, M nOBbIllIeHMe 3cPcPeKTMBHoCTM pa60TbI cry-
neHM J],eTaHJ],epa B u;eJIOM.

BbIBOJ],bI, CcPOpMyJIMpOBaHHble BbIllie Ha OCHOBe aHaJIl13a

raJOJ],MHaMMqeCKMX npou;eCCOB B BbIXJIOnHOH nOJIOCTl1, noJ],-

TBep)l(J],aIOTeR pe3YJIbTaTaMM paCqeTa.

Ha pMC. 2 nOKaJaHO M3MeHeHMe MrHOBeHHblX no ymy no-

BopOTa BaJIa K03cPcPMU;MeHToB TenJIOOTJ],aqM a l1 yJ],eJIbHbIX

TenJIOBbIX nOTOKOB q, cOOTBeTcTBYIOmMX 3aJ],aHHoH TeM-

nepaType CTeHOK 273 K, KaK ocpeJ],HeHHblx no BceH nOBep-

XHOCTM (acp' qcp), TaK M OTJ],eJIbHO no CTeHKaM 1- 4

(a, - a4, q, - q4) BbIXJIOnHOH nOJIOCTl1. AHaJIl13l1pyR Kaqe-

CTBeHHoe M KOJIMqeCTBeHHoe l13MeHeHMe cPYHKU;l1H a =fi.<p)

M q = fi.<p), HeTpyJ],Ho yCTaHoBMTb 0J],H03HaqHYIO CBR3b KO-

3cPcPMU;MeHTOB TenJIOOTJ],aQl1 (CM. pl1c.2. a, 6) l1 yJ],eJIbHbIX

TenJIOBbIX nOTOKOB (CM. pMc.2. 6, 2) C xapaKTepOM Teqe-

HMR ra3a B BbIXJIOnHOH nOJIOCTM (60KOBoe MJIM u;eHTpaJIb-

Hoe pacnOJIO)l(eHl1e OKOH).

B cTyneHRx C xapaKTepHbIM napaMeTpOM ti = A 66JIb-
llIl1M CKOpOCTRM TeqeHl1R ra3a BJ],OJIb nOBepxHocTeH Ten-

JI006MeHa 1 - 4 (CM. Pl1c. l,a) B npou;eccax BbIXJIOn -

BbITaJIKMBaHMe cOOTBeTcTBYIOT nOBbIllIeHHble 3HaqeHl1R KO-

3cPcPMU;MeHToB TenJIOOTJ],aQM a l1 yJ],eJIbHbIX TenJIOBbIX no-

TOKOB q. B cryneHRx C ti = 0, J],JIR KOTOpbIX xapaKTepHO

CHM)I(eHMe ypOBHR CKopocTeH TeQeHMR ra3a OTHOCMTeJIbHO

nOBepxHocTeH TenJIo06MeHa 1- 4, K03cPcPl1U;l1eHTbI TenJIO-

OTJ],aQl1 CHM)I(aIOTCR B 3 - 4 pa3a. YJ],eJIbHble TenJIOBble

nOTOKM CHM)I(aIOTCR Ha nopRJ],oK (B 10 - 20 pa3) KaK 3a

CQeT YMeHbllIeHl1R K03cPcPl1U;l1eHTOB TenJIOOTJ],aQl1, TaK l1
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BCJIe~CTBl1eCHI1)KeHI1Hpa3HOCTHTeMnepaTyp Me)K~y CTeH-

KaMI111ra30M, COBepWalOruHM BI1XpeBOe~BH)KeHl1e B (<3a-

CTOHHhIX» 30HaX BhIXJIOnHOH nOJIOCTH, l.JTOB HTore cno-

c06cTByeT CHH)KeHHIOTenJIOnpHTOKOBK TpaH3HTHoMy OC-

HOBHOMynOToKy ra3a.

Ha PI1C. 3 nOKaJaHhl 3aBHCHMOCTHcpe~HeH no 06'beMy

TeMnepaTyphl ra3a Tep' cpe~HeH TeMnepaTyphI Ha BXO.D.e

Tax H Cpe.D.HeHTeMneparyphI Ha BbIxo~e TaLix BbIXJIOnHOH

KaMepbI B 3aBHCHMOCTHOT yrJIa nOBopOTa BaJIa MallIHHbI

<p~JIH BapHaHTOBKv = 0,4 H 1 (R = 45,5 MM, L = 15,8 MM H

L = 39,6 MM, TeMnepaTypa CTeHOK273 K). KaK BH~HO H3

rpaqmKoB, OpraHI13aUHHTel.JeHHHra3a cyrueCTBeHHO BJIHH-

eT Ha ero TeMneparypy KaK cpe~HIOIO no o6beMy, TaK H

Ha BhIxo~e H3 KaMepbI. TaK, 3aBHCHMOCTbTeMnepaTypbI

ra3a Ha BhIxo~e 113BhIXJIOnHOHKaMephI BO BpeMH npouec-

COBBhIXJIOnaH BbITaJIKHBaHHHnpH ueHTpaJIbHOM pacnOJIO-

)KeHHH OKOH(pHC. 3, 8 H 2) H npH MaJIOM o6beMe KaMephI

~JIH paJHeceHHhIX no ymaM OKHa.M(pHC. 3,a) npaKTHl.JeC-

KI1 nOBTopHeT C He60JIhllIHM paCXO)K~eHHeM no BpeMeHH

(He06xo~HMhIM MH npeO~OJIeHHHra30M paCCTOHHHRMe)K-

~y BXO~HhIMI1H BhIXO~HbIMH OKHaMH) rpacPHK TeMnepary-

phI ra3a Ha Bxo~e. TIo OKOHtIaHHH npouecca BhITaJIKHBa-

HHH (3aKphITI1R BXO~HhIX OKOH) Ha cpe3e BhIXO~HbIX OKOH

~JIH60JIhllIHX BhIXJIOnHhIX KaMep (Kv=l) HMeeT MeCTOJIO-

KaJIhHOe He~OJIrOe no BpeMeHH CHH)KeHHe TeMneparypbI

raJa 3a Cl.JeTMeCTHoro paCllIHpeHHR raJa H3-3a npO~OJI-

)KalOruerocH no HHepUHH ~BH)KeHHHraJa B BbIXO~HOMnaT-

py6Ke. B ~aJIhHeHllIeM ~O CJIe~YlOlUero OTKpbITHR BXO~-

HhIX OKOHTeMneparypa raJa Ha cpe3e BbIXO~HbIXOKOHTOJIb-

KO paCTeT 3a Cl.JeTnocrynJIeHHR K HeMy raJa, HarpeBalO-

ruerocR OT TenJIo06MeHa co CTeHKaMH (npHl.JeM CHatIaJIa

6bICTpee, a 3aTeM Me~JIeHHee KaK 3a CtIeT nOCTeneHHoro

CHI1)KeHHHB 3TOBpeMH CKopOCTeHTetIeHHR raJa, a 3Hal.JHT,

K03cPcPHUHeHTOBTenJIOOT~al.JH,TaK H YMeHhllIeHHH paJHH-

UbI TeMnepaTyp Me)K~y ra30M H CTeHKaMH, a CJIe~OBa-

TeJIbHO,YMeHbweHHH BeJIHl.JHHbITenJIOBhIX nOTOKOB).

,UJIH pacnOJIO)KeHI1H OKOH B ymax KaMephI H Kv = 1
(Pl1c. 3,6) KapTI1Ha H3MeHeHHH TeMneparypbI ra3a Ha BbI-

xo~e Kal.JeCTBeHHOMeHReTCH3epKaJIbHo. 3TO 06'bHCHReT-

CH TeM, l.JTOnpH ueHTpaJIhHOM pacnOJIO)KeHHH OKOHH npH

MaJIOMo6beMe KaMepbI C pa3HeceHHhIMH no ymaM OKHa-

MH 60JIhWaH l.JaCTbnocrynHBwero B ~aHHOM UHKJIe ra3a

ryT )Ke YXO~I1T113KaMepbI, He ycneB CHJIhHOHarpeTbCH OT

ee CTeHOK.TIPH pa3HeceHHhIX OKHax H 60JIhllIOM 06'beMe

KaMephI Ha BhIXO~ nocrynaeT ra3 H3 npe~hI~YlUHX UHKJIOB

pa60ThI MaWI1HhI, npe~BapHTeJIbHO ycneBllIHH HarpeTbcR

OTCTeHOKKaMephI. fa3 H3 ~aHHoro UHKJIa no~xo~HT K BbI-

XO~HhIMOKHaMTOJIhKOno OKOHtIaHHHnpoueccoB BhIXJIOna

11BhITaJIKHBaHHR,l.JTOBH.D.HOno CHH)KeHHIOTeMnepaTypbI

ra3a Ha cpe3e BhIXO~HhIX OKOHnpH <p= 225 ... 285°. Ho B

3TO BpeMH CKOpOCTbI1CTel.JeHHRra3a H3 KaMepbI CTaHO-

BHTCH MaJIOH H 60JIhWaH l.JaCTh nocTynHBwero K cpe3y

BhIXO~HhIX OKOH«XOJIO~HOro»raJa 113~aHHoro UI1KJIa,npo-

~OJI)KaH ~BH)KeHHe, nOCJIe~OBaTeJIhHO OMhlBaeT nOBepx-

HOCTH3, 1,4, 2 (CM. pHc.l), HarpeBaeTcH OT HHX 11TOJIhKO

B CJIe~YlOlUHx UI1KJIaXpa60ThI MallIHHbI Hal.JHHaeTnocry-

naTb H3 BhIXJIOnHOH KaMepbI. TIoCJIe npOXO)K~eHHR ra3a,

nocrynHBllIero B 3TOM UHKJIe, MHMO BhIXJIOrIHhlX OKOH

(<p= 295 ... 360°) K HHM Hal.JHHaeTnocrynaTh raJ H3 06JIa-

cTeH, Haxo~RlUHXCH 6JIH)Ke K cepe~HHe KaMepbI C HeBhI-

COKOHTeMneparypoH. OT 3Toro Ha Yl.JaCTKe<p= 295 ... 360°
TeMneparypa ra3a Ha cpe3e BbIXO~HbIX OKOH He paCTeT.

TIoCJIe yma nOBopOTa BaJIa MallIHHbI <p= 360°, Kor~a CKO-

pOCTH TetIeHHR ra3a B KaMepe na~aIOT, TeMneparypa ra3a

Ha cpe3e BhIXO~HbIX OKOHHatIHHaeT paCTH, npHMepHO KaK

cpe~HHR no o6beMy, H3-3a TenJIo06MeHa co CTeHKaMH. KaK

BH~HO H3 pHC. 3,6, BOBpeMR npoueCCOB BblXJIOna H BhITaJI-

KHBaHHH ~JIR KaMepbI C paJHeceHHbIMH no ymaM OKHaMH

Ha cPoHeocpe~HeHHoH COCTaBJIHlOlUeHH3MeHeHHR TeMne-

parypbI ra3a Ha BbIxo~e HMeeT MeCTO H KOJIe6aTeJIbHaR

COCTaBJIRlOlUaR.3TO CBR3aHOC nORBJIeHHeM KOJIe6aTeJIh-

HOH COCTaBJIRlOrueHBO Bcex JIOKaJIbHbIX napaMeTpax ra3a

(CKOpOCTHHCTetIeHHRraJa H3 BbIXO~HhIX OKOH,~aBJIeHHH H

.D.p.)H3-3a YBeJIHl.JeHHRBJIHRHHRpe30HaHCHbIX RBJIeHHHnpH

TaKOH reOMeTpHH BbIXJIOnHOH KaMepbI H opraHH3aUHH Te-

l.JeHHRraJa.

Ocpe~HeHHaR no 06'beMy BbIXJIOnHOH KaMepbl TeMne-

parypa raJa (Tep).D.JIH PaJJIHtIHbIX paCnOJImKeHHH OKOHKa-

tIeCTBeHHO MeHHeTCH O.D.HHaKOBO.OHa Bce BpeMH paCTeT

H3-3a TenJIo06MeHa co CTeHKaMH (KpOMe npOIIecca BbI-

XJIona, KOr.D.anOCTyrraeT OCHOBHaHMacca XOJIO.D.HOrOraJa

H3 pa60tIeH KaMepbI). BMeCTe C TeM OCpe.D.HeHHaRno

06'beMy TeMITeparypa raJa .D.JIHIIeHlpaJIbHOrO pacnOJIO-

)l(eHHH BXO.D.HbIXH BbIX0.D.HbIXOKOHB Cpe.D.HeMHa 5...20 K

BbIllIe, l.JeMMR KaMepbI C paJHeceHHbIMH no yrJIaM OKHa-

MH (npH 3TOM TeMneparypa Ha BbIXO.D.e,Ha060poT, 3aMeT-

HO MeHbllIe). 3T0 CB~l3aHOC TeM, l.JTOnpH IIeHlpaJIbHOM

pacnOJIO)l(eHHH OKOH60JIbllIHe 06'beMbI raJa, HaXO.D.RlUHe-

CR CJIeBa H cnpaBa OT cTpYH, MHoroKpaTHo OMbIBaH CTeH-

KH KaMepbI, 3HatImeJIbHO HarpeBalOTcR, MaJIO BJIHHR Ha

TeMnepaTypy raJa Ha BhIXO.D.e,HO 3Hal.JHTeJIbHOyBeJIHl.JH-

BaR cpe.D.He06'beMHYIO TeMnepaTypy raJa B KaMepe.

TIPH paJHeceHHbIX no yrJIaM KaMepbI OKHax npOHCXO.D.HT

60JIbllIee nepeMellIHBaHHe XOJIO.D.HOrOraJa, nocrynalOrue-

ro H3 BXO~HbIX OKOHC raJOM, HaXOMlUHMCR B BbIXJIOnHOH

KaMepe. OT 3Toro CHH)KaeTCR cpe.D.He06'beMHaR TeMne-

paTypa ra3a, HO YBeJIHl.JHBaeTCR TeMnepaTypa ra3a Ha

BbIXO.D.e.

Ha pHC. 4 C~eJIaHa nonbITKa HapHcoBaTb KapTHHbl MrHO-

BeHHbIX nOJIeH TeMneparypbI raJa no 06'beMy BbIXJIOnHOH

KaMepbI .D.JIHPaJHbIX MOMeHTOBBpeMeHH (yrJIOB nOBopoTa

BaJIa MallIHHbI <p).D.JIH BapHaHTa Kv = 0,4 (R = 45,5 MM, L =

= 15,8 MM; TeMnepaTypa CTeHOK273 K; OKHa pacnOJIO)Ke-

HhI no UeHTpy KaMephl). OCb I HanpaBJIeHa B~OJIh OCHUI1-



JIHH.npa, Ce4eHHe I = 1 - 6JIH)I(aHWee paC4eTHOe CeqeHHe

K nOBepxHocTH 3, 1= 19 - 6JIH)I(aHWee K nOBepxHocTH 4
(CM. pHC. 1,a). CeqeHM~ 1= 5, 1= 10, 1= 15 pacnOJIO)l(eHbI

OTnOBepxHocTM 3 ~MJIMH.npaHa paCCTO~HMHX,nponop~Ho-

HaJIbHbIX cBoeMy HOMepy. OCb J HanpaBJIeHa B.nOJIbpa.nM-

yca ~HJIHH.npa, J = 19 COOTBeTcTByeTnOBepxHocTH ~HJIMH-

.npa MeHbwero pa.nHyca r (noBepxHocTb I Ha pHC. 1), J =
26 - nOBepxHocTH ~HJIHH.npa 60JIbWerO pa.nHyca R (no-

BepxHocTb 2 Ha pHC. 1). PaCqeT nOJIeH TeMneparyp .nJIH

Ka)l(.noro paCqeTHOrO wara npoBe.neH .nJIHBcex CeqeHHH I
OT 1 .no 19, HOnpe.ncTaBJIeHbI KapTHHbI H3MeHeHH~ TeMne-

paTypbI ra3a TOJIbKO.nJI~ nHTH BbI6paHHbIx CeqeHHH, TaK

KaK :Horo .nOCTaTOqHO.nJIH KaqeCTBeHHoro OTpa)l(eHH~

nOJIeH TeMnepaTyp B BbIXJIOnHOH KaMepe. KaK BH.nHOH3

pHC. 4, B Ka)l(.nbIH MOMeHT BpeMeHH nOJIe TeMnepaTypbI

ra3a Heo.nHopo.nHO H pa3HH~a TeMnepaTyp B pa3JIHqHbIX

TOqKaX KaMepbI MO)l(eT .nOCTHraTb HeCKOJIbKHX.neC~TKOB

rpa.nycoB. HaH60JIbWaH TeMnepaTypa ra3a HMeeT MeCTO

B6JIH3HCTeHOKKaMepbI (H3-3a TenJIo06MeHa C HHMH), HaH-

MeHbwa~ - B cTpye.

IlpHBe.neHHbIe BbIwe .naHHbIe B 3HaqHTeJIbHOH CTeneHH

HOC~T03HaKOMHTeJIbHbIHxapaKTep. HaH60JIbWHH )l(e npaK-

THqeCKHH HHTepec npe.ncTaBJIHIDT pe3YJIbTaTbI paCqeTa

cpe.nHeMaccoBoH TeMneparypbI ra3a 3a ~HKJI Ha BbIxo.ne

BbIXJIOnHOHnOJIOCTH.
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Cpe.nHeMaCCOBa~ TeMnepaTypa ra3a Ha Bxo.ne B BbIX-

JIOnHyID nOJIOCTb.nJI~ Bcex paCCMOTpeHHbIX B xo.ne qHC-

JIeHHOrO 3KcnepHMeHTa BapHaHTOB HCnOJIHeHH~ cTyneHH

6bIJIa nOJIy4eHa B xo.ne npe.nBapHTeJIbHOrO paCqeTa TeKY-

IUHX H HHTerpaJIbHbIX napaMeTpOB ra3a B ~HJIHH.npe .ne-

TaH.nepHoH cTyneHH H .nJIHBbI6paHHoro pe)l(MMa pa60TbI

.neTaH.nepHoro arperaTa COOTBeTcTByeT BeJIHqHHe Tax =
= TKU * = 218 K. .ll:aHHoe 3HaqeHHe TeMnepaTypbI Ha Bxo.ne

B BbfXJIOIIHyID nOJIOCTbnpH BbIOOJIHeHHHqHCJIeHHOfO3KC-

nepHMeHTa COXpaHHJIOCbHeH3MeHHbIM.

Ha pHC. 5,a nOKa3aHbI rpa<pHKH H3MeHeHIDICpe,l:(HeMaCCO-

BOHTeMneparypbI ra3a Ha BbIXo.neBbIXJIOnHOHKaMepbI TM3a
WfKJI pa60ThI .neTaH,lI.epHOHcryneHH B 3aBHCHMOCTHOTOTHO-

CHTeJIbHOfO061>eMaKaMepbI Kv .nJIHPa3.JIHlIHl>IXpacnOJIO)l(e-

HHH BXO.nHbIXH BbIXO.nHbIXOTBepCTHH.PacqeT npOBe.neH.nJIH

TeMileparypbI CTeHOKKaMepbI, paBHOH273 K. KaK BH,l:(HOH3

rpac}nIKOB, rrpH MaJIbIX 061>eMaXBbIXJIOnHOHKaMepbI (Kv =
= 0,4) He3aBHCHMOOTpacnOJIO)l(eHIDI OTBepCTHHHMeeT Me-

CT<~HaHMeHbllHUI cpe.nHeMaCCOBaH TeMneparypa fa3a Ha

BbIXo.ne H3 BbIXJIOnHOH KaMepbI. 3T0 CBH3aHOC TeM, qTO

H3-3a MaJIOfO 061>eMa KaMephI 60JIhlll~ qaCTh nocTynHB-

llIero B Hee 3a npo~eCChI BhIXJIOrra H BhITaJIKHBaHIDI fa3a

Cpa3Y yxO.nHT H3 KaMephI, a MeHhIll~ qaCTh OCTaeTCHH

rrpo.nOJI)l(aeT rrporpeBaThcH 3a CqeT TerrJIo06MeHa co CTeH-

KaMH .no nocTYfIJIeHIDI CJIe.nYIOIUeHrrop~HH fa3a. KpoMe



:noro MaJIbIe 06beMbI npHBO,n}lT H K HaHMeHblllHM nnOma-

,n}lM Tenno06MeHa.

YBenWIeHHe o6'beMa BbIXnOnHOH KaMepbI npH L = const

3a CqeT YBenHqeHH}I pa,nHyca BHelllHero QHnHH,npa R He-

3aBHCHMOOTpacnOJIO)l(eHH}I BXO,nHhIXH BbIXO,nHhIXOTBep-

CTHH npHBo,nHT K pOCTy cpe,nHeMaCCOBOHTeMnepaTypbI

ra3a Ha BbIxo,ne KaMepbI. 3TO o6'b}lCH}leTC}I TeM, qTO npH

rpHKCHpOBaHHOHHe60nblllOH ,nJIHHeKaMepbI L C YBemiqe-

HHeM R paCTeT nnoma,nb TenJIo06MeHa TOPQeBbIX nOBepx-

HOCTeH3 H 4 KaMepbI. npH QeHTpaJIbHOM pacnOJIO)l(eHHH

oTBepcTHH CTpy}l ra3a H3 BXO,nHhlXOTBepcTHH npH CBoeM

,nBH)I(eHHHpaClllHp}leTC}I, Bhl3bIBa}l YBeJIHqeHHe CKOpOCTH

TeqeHlf}{ B6JIH3HnOBepxHocTeH 3 H 4, qTO npHBo,nHT K yBe-

nHqeHHIO K03rprpHQHeHTOBTenJIOOT,naqHH 60nhllleMy Ten-

no06MeHy Me)l(,Uy 3THMH CTeHKaMH H ra30M. IlpH pacno-

JIO)l(eHHH oTBepcTHH B yrnax KaMepbI pacTeT nJIOma,nh

nOBepxHocTH 4, B6JIH3HKOTOpOHHMelOTMeCTOMaKCHMaJIb-

HhIe CKOpOCTHTeqeHH}I raJa, CJIe,nOBaTeJIhHO,Ha HeH 6y-

,nyT HaH60JIhlllHe K03rprpHQHeHThI TenJIOOT,naqH H y,neJIb-

HhIe TennOBbIe nOTOKH.

npH rpHKcHpoBaHHoM 3HaqeHHH R C pOCTOM,nJIHHhI BhI-

XJIOnHOHKaMepbI L KapTHHa H3MeHeHH}I cpe,nHeMaccoBoH

TeMneparyphI ra3a Ha BbIxo,ne KaMephI paJJIHqHa ,nJI}IBhI-

6paHHhIX BapHaHTOBpacnOJIO)l(eHlf}{ BXO,nHhIXH BbIXO,nHhIX

OKOH. )J;JI}I cJIyqa}l, Kor,na OKHa pacnOJIO)l(eHbI no yrnaM
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Puc. 5. 113MeHeHue cpeaHeMacco8ou 3a l{UKI/ meMnepamypbl

i!a3a Ha 8b1XOae U3 8b1X110nHOU KaMepbl 8 3a8UCUMocmu om:

a) 06beMa KaMepbl; 6) nl/o/!{aau 6bIXOaHOi!O Ce'leHUJI

(K, = 0,4); c) meMnepamypbl cmeHOK (K, = 0,4)

pa60qeH KaMepbI, TeMneparypa CHaqaJIa pacTeT, a 3aTeM

HaqHHaeT CHH)I(aThC5l.IlepBOHaqanbHbIH pOCTTeMnepary-

phI npOHcxo,nHT H3-3a TOro, qTO C YBenHqeHHeM 06'heMa

BbIXJIOnHOH KaMephI Bce MeHhllla}l qaCTb ra3a, nocTynHB-

lllero B TeqeHHe QHKJIa, cpa3y yXO,nHT H3 Hee, He ycneB

CHnhHO HarpeThC5l. EOnhlll<UI qaCTb OCTaeTC5l,HarpeBaeT-

C}I 3a CqeT Tenno06MeHa co CTeHKaMH H TonbKO B cne,ny-

10meM QHKne yXO,nHT H3 pa60qeH KaMepbI. npH ,naJIbHeH-

llleM pocTe 06beMa BbIxnonHoH KaMepbI npaKTHqeCKH BeCb

ra3, nonaBlllHH B Hee B ,naHHoM QHKne, OCTaeTC}I,no cne,ny-

IOmero. C YBenHqeHHeM 06beMa KaMepbI Macca ra3a B

HeH pacTeT 6hICTpee, qeM YBenHqeHHe nnOma,nH nOBepx-

HOCTHTenno06MeHa. Il03ToMy, XOT}I HHTerpanhHhIe Ten-

nOBbIe nOTOKH OT CTeHOK K ra3Y pacryT, HO Ha e,nHHHQy

MaCChI ra3a OHH YMeHhiliaIOTC}I, B CB}l3H C qeM cpe,nHe-

MaCCOBa5lTeMneparypa ra3a Ha BhIxo,ne CHH)I(aeTC}I.

npH pacnOnO)l(eHHH OKOHno QeHTPYBhIXJIOnHOHKaMephI

H3MeHeHHe cpe,nHeMaCCOBOHTeMneparypbI raJa Ha BbIXO-

,ne B 3aBHCHMOCTH OT 06beMa KaMepbI HecymecTBeHHO.

3TO 06b}lCH5leTC}I TeM, qTO He3aBHCHMO OT 06'heMa Ka-

MephI 60JIhIIIa}l qaCTh nocTynalOmero B 3TOM QHKne H3

pa60qeH KaMepbI raJa cpa3y ycneBaeT nonaCTb B BbIXO,n-

HOH naTpy60K KaMephI. fa3, BpamalOmHHC}I MHorOKpaTHO

CJIeBaH cnpaBa OTCTPyH (pHC. 1,6), ,nBH)I(eTC}IB6JIH3H CTe-

HOK KaMepbI C MaJIOH CKOpOCThlO,n03ToMY K03rprpHQHeH-

ThI TennOOT,naqH Ha HHX H TenJIOBbIe nOTOKHMaJIbI. BMec-

Te C TeM 3TOT ra3 H3-3a MHoroKpaTHocTH 06TeKaHH}I no-

BepxHocTeH caM ,nOCTaTOqHOCHJIhHOHarpeBaeTC}I (HO ,no

MeHhllleH TeMnepaTyphI, qeM TeMneparypa cTeHoK), yBe-

JIHqHBa5l cpe,nHe06beMHylO TeMneparypy raJa B BhIXJIOn-

HOH KaMepe, HO MaJIO BJIH5l" Ha TeMnepaTypy ra3a B oc-

HOBHOHcTpye, a CJIe,nOBaTenhHO,H Ha BhIxo,ne.

Ha OCHOBaHHHpHC. 5,a MO)l(HOc,neJIaTb BbIBO,n,qTO BbIX-

nonHhIe KaMephI C HaHMeHbIIIHM 06beMoM HaH60nee on-

THManbHbI He3aBHCHMOOTpacnOnO)l(eHH}I OKOH.3TO cnpa-

Be,nJIHBOnpH yCJIOBHH,qTO YMeHbIIIeHHe 06beMa BbIxnon-

HOHKaMephI He npHBo,nHT K pocry a3po,nHHaMHqeCKoro CO-

npOTHBJIeHH}I. ECJIHno KaKHM-JIH60 npHqHHaM He06xo,nH-

MO HMeTh 60JIhiliOH 06beM BhlXJIOnHOH KaMephI, TO BXO,n-

HhIe H BhIxo,nHbIe OKHa cne,nyeT pacnOJIaraTb no QeHTPY

KaMepbI HanpOTHB ,npyr ,npyra.

Ha pHC. 5,6 H 6 nOKa3aHO BJIH"HHe Ha cpe,nHeMaccoBylO

TeMnepaTypy ra3a Ha BbIxo,ne COOTBeTCTBeHHOBenHqHHbI

nnOma,nH BbIXO,nHbIXOKOHF
OblX

(npH nOCTO}lHCTBenJIOma-

,nH BXO,nHhIXFox) H TeMnepaTypbI CTeHOK KaMepbI Tc M"
pa3nHqHhIX BapHaHToB pacnOnO)l(eHH'I: BXO,nHbIXH BbIXO,n-

HhIX OKOH(Kv = 0,4; R = 45,5 MM; L = 15,8 MM).

KaK BH,nHOH3 pHC. 5,6, ,nn}l BapHaHTa pa3HeceHHhIX no

yrnaM OKOHcpe,nHeMaccoBa" TeMneparypa ra3a Ha BbIXO-

,ne C YBenHqeHHeM nnOma,nH BbIXO,nHbIXOKOHpaCTeT CHa-

qaJIa ,nOCTaTOqHOCHJIbHO, 3aTeM Bce Me,nneHHee H npaK-

THqeCKH nepeCTaeT paCTH npH FohlJFox> 1,5. 3TO CB5l3aHO



C TeM, lJTO lJeM 60JIbllle nJIOll.\a,lJ;bBbIXO,lJ;HbIXOTBepcndi,

TeM MeHbllle COnpOTHBJIeHHe npOXO)l(,lJ;eHHIO ra3a lJepe3

BbIXJIOnHYIO KaMepy, TeM 6JIH)I(e ero ,lJ;aBJIeHHeK ,lJ;aBJIe-

HHIO Ha BbIXO,lJ;e(0,1 MI1a), HH)I(e TeMnepaTYpa (TaK KaK

HeT 3HalJHTeJIbHoro pOCTa ,lJ;aBJIeHH~raJa) H 60JIbllle CKO-

POCTb TelJeHH~, lJTO npHBO,lJ;HTK 60JIblllHM K03<P<PHl.\HeH-

TaM TenJIOOT,lJ;alJHH nepena,lJ;aM TeMnepaTyp Me)l(,lJ;y ra-

30M H nOBepXHOCT~MH CTeHOK, a 3HalJHT, H K 60JIblllHM Ten-

JIOBbIM nOTOKaM. I1pH FBLI/FBx> 1,5 yBeJIWleHHe nJIOIl.\a,lJ;H

BbIXO,lJ;HbIXOTBepcTHH MaJIO CKa3bIBaeTC~ Ha BeJIHqHHe

a3p0,lJ;HHaMHlJeCKHXCOnpOTHBJIeHHH (KoTopbIe CTaHOB~T-

C~ MaJIbIMH), n03ToMY Cpe,lJ;HeMaCCOBaJlTeMneparypa ra3a

Ha BbIXO,lJ;enpaKTHqeCKH He MeH~eTCJl.

~JI~ CJIYlJaJl l.\eHrpaJIbHOrO pacnOJIO)l(eHHJI OKOH

Cpe,lJ;HeMaCCOBa~ TeMnepaTypa ra3a CHaqaJIa paCTeT, a

npH FBLI.)FBx>0,6 HaqHHaeT CHH)I(aTbCJI C YMeHblllaIO-

Il.\eHCJI ,lJ;0 HYJI~ CKOpOCTbIO. HalJaJIbHbIH ee pOCT Ha

BbIXO,lJ;e061>~CHJleTCJITeM :?Ke,lJTO H ,lJ;JIJIBapHaHTa pa3He-

ceHHbIX no yrJIaM KaMepbI,OKOH. CHH)I(eHHe TeMneparypbI

npH FBLI.) FBx>0,6 npOHCXO,lJ;HTH3-3a YMeHbllleHHJI TenJIO-

npHTOKOB OT nOBepXHOCTH 2 CTeHOK KaMepbI BCJIe,lJ;CTBHe

YMeHbllleHH~ CKOpOCTHTelJeHH~ ra3a, a 3HalJHT, H K03<p-

<pHl\HeHTOB TenJIOOT,lJ;alJHy KpOMOK BbIXO,lJ;HOro OTBep-

CTHJI. He3aBHCHMO OT BapHaHTa pacnOJIO)l(eHMJI OKOH npH

MaJIbIX nJIOIl.\a,lJ;JlXHa BbIXO,lJ;eCpe,lJ;HeMaCCoBa~TeMnepa-

rypa ra3a CTaHOBHTC~,lJ;a)l(eHH)I(e, lJeM Ha BXO,lJ;e(218 K).
3TO CBJl3aHOC TeM, lJTO npH MaJIbIX nJIOIl.\a,lJ;JlXBbIXO,lJ;HbIX

oTBepcTHH (HO TeX)I(e CKOpOCTH,TeMneparypbI H nJIOTHO-

CTH raJa Ha BXO,lJ;e)B03HHKaIOT 60JIblllHe a3p0,lJ;HHaMHlJeC-

KHe cOnpOTHBJIeHH~ npH npOXmK,lJ;eHHHra30M BbIXJIOnHOH

KaMepbI, OTlJerO pacryT ,lJ;aBJIeHHe,nJIOTHOCTbH TeMnepa-

Typa raJa B HeH. I>OJIbllla~ TeMnepaTypa ra3a YMeHblllaeT

H ,lJ;a)l(eMeH~eT 3HaK TenJIOnpHTOKOB OT CTeHOK, a paclllH-

peHHe raJa B6JIH3H BbIXO,lJ;HOrOKaHaJIa npHBO,lJ;HTK CHH)I(e-

HHIO TeMnepaTypbI ,lJ;0BeJIHqHHbI, ,lJ;a)l(eMeHbllleH, lJeM Ha

BXO,lJ;e.TeOpeTHlJeCKH 3TO 03HaqaeT OIl.\YTHMoe ,lJ;OpaClllH-

peHHe ra3a B BbIXJIOnHOH KaMepe no OKOHlJaHHHnp0l.\ecca

BbIXJIOna. Ha npaKTHKe 3Toro He 6y,lJ;eT,TaK KaK 3aMeTHoe

YBeJIHlJeHHe ,lJ;aBJIeHH~ra3a B BbIXJIOnHOH KaMepe nOBJIe-

'leT H3MeHeHHe napaMerpOB nocTynaIOIl.\erO H3 pa60lJeH

KaMepbI ra3a. MbI )I(e C03HaTeJIbHO 3a,lJ;aeM napaMeTpbI

raJa Ha BXO,lJ;e,lJ;JI~Bcex BapHaHTOB O,lJ;HHaKOBbIMH,qT06bI

H3YlJHTb BJIH~HHe TOJIbKOH3MeH~eMoro napaMeTpa (B ,lJ;aH-

HOM CJIylJae F
Bb1x

) Ha npOHCXO,lJ;JlIl.\Henp0l.\eCCbI. 3TO O,lJ;HO

H3 npeHMymecTB MaTeMaTHlJeCKOrO MO,lJ;eJIHpOBaHH~npo-

~ecca no cpaBHeHHIO C 3KcnepHMeHTOM.

qacTo ,lJ;JI~CHH)I(eHHJI TeMnepaTypbI CTeHOK BbIXJIOn-

HbIX KaMep HX nOBepXHOCTH TenJIOH30JIHPYIOT HJIH ,lJ;a)l(e

npHHy,lJ;HTeJIbHO OXJIa)l(,lJ;aIOT.Ha pHC. 5,e nOKa3aHO BJIH~-

HHe TeMneparypbI CTeHOK KaMepbI Ha Cpe,lJ;HeMaccoByIO

TeMneparypy ra3a Ha BbIXO,lJ;e,lJ;JI~pa3JIHlJHbIX BapHaH-

TOBpacnOJIO)l(eHH~ BXO,lJ;HbIXH BbIXO,lJ;HbIXOKOH.I10JIylJeH-

HbIH POCT Cpe,lJ;HeMaCCOBOHTeMnepaTypbI ra3a Ha BbIXO-

,lJ;eBbIXJIOnHOH KaMepbI C YBeJIHlJeHHeM TeMnepaTypbI

CTeHOK BnOJIHe 061>JlCHHM H O)l(H,lJ;aeM. I1pH TeMnepaTy-

pe CTeHKH Tc = 243 K Cpe,lJ;HeMaCCOBaJlTeMnepaTypa ra3a

Ha BbIXO,lJ;eCTaHOBHTCJI HH)I(e, lJeM Cpe,lJ;HeMaCc6Ba~ Ha

BXO,lJ;e(218,0 K). 113 3Toro CJIe,lJ;yeT,lJTO cyMMapHbIe no-

TOKH TenJIa OT ra3a K CTeHKaM KaMepbI 3a l.\HKJI CTaHO-

BJITCH60JIbllle, qeM OT CTeHOK K ra3Y. I10CTOJlHCTBO TeM-

nepaTypbI CTeHOKrrpH 3TOM MO)l(eT 6bITb coxpaHeHo TOJIb-

KO rrpH rrpHHy,lJ;HTeJIbHOM HX OXJIa)l(,lJ;eHHH.C yBeJIHlJeHH-

eM TeMnepaTypbI CTeHOK KaMepbI Cpe,lJ;HeMaCCOBaHTeM-

rreparypa ra3a Ha BbIXO,lJ;enpH pa3HeCeHHbIX no ymaM OK-

HaM paCTeT 6bIcrpee, qeM ,lJ;JIJIl.\eHTpaJIbHOrO pacnOJIO-

)l(eHHH OKOH,qTO rrpOHCXO,lJ;HTH3-3a 60JIblllHX K03<P<pHl.\H-

eHTOB TeIIJIOOT,lJ;aqH(CM. pHC. 2,a H 6). BMeCTe C TeM H3

3Toro rpa<pHKa BH,lJ;HO,lJTO He3aBHCHMO OT pacnOJIO)l(e-

HHJI OKOH TenJIOH30JIJll.\H~ CTeHOK MO)l(eT CHH3HTb cpe,lJ;-

HeMaccoByIO TeMneparypy ra3a Ha BbIXO,lJ;eH3 KaMepbI

(B Cpe,lJ;HeM Ha 1,3...2,5 I.< Ha Ka)l(,lJ;bIe 10K CHH)I(eHH~

TeMnepaTypbI CTeHOK B ,lJ;aHHOM,lJ;Hana30He TeMnepaTyp).

I103TOMY TenJIOH30JIJll.\MJICTeHOKBbIXJIOnHOH KaMepbI 06~-

3aTeJIbHa ,lJ;JIJICHH)I(eHHH Cpe,lJ;HeMaCCoBoH TeMnepaTypbI

ra3a Ha BbIXO,lJ;e.
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