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Oco6eHHOCTH pac-i era KOHAeHcaTopa C HaKllOHHblMH Tpy6KaMH 
eHHYIO 

© 20 12 To P OMaHoBa n.B. l , fOfOH HH 11.11.2 
TH ITa 

ranruo CaIlKT- rICTep6yprCKIdt rOCYMPCTBelllll••i"1 TeXIIOJlOm'lecKHi( YJIHBepCIITCT pacnrremaerx nO,lllMepOB J - ItHCTIITYT TellJ1o$H31lKil 
) J10 K OB HM . C .C. KyraTcmllue CO PAH 2 

nen-ra ­ Paccaorpeusr aonpocsi pacsera Te n JlOMa CCo o 6 Melia IIpH KOIl,1IeHCaUIiH napa 113 naporasonsix CMeCe" D 

KTepH ­ KOIl,1IeHCaTOpe C lIaKJIOHllblMH Tpy6KaMII , npHMenHeMOM)J,JIH pexynepanau T e l lJl a II XHMHKaTOB B CYJlb llJaTlleJJ­

{M, 'ITO JlIOJl03110M npOH3BO,llCTDe. 

JBKH K 

eaxun -
Ilpouecc Bbfpa60TKH UCJIJIIOJI 03bl COnp OBO)l(LlaeT ­

C5I BbI6pocaMH CCp H H CTb l X coenanemrn, 3a r p Sl3HHlO ­

IUHX aTl\lOC¢CpHbfW B03.llYX. O.llHHM 113 OCHOBH bIX 

I1CTOlIHlfKOB TaK11X BbfGpOCOB HBJI5IlOTCSl coziopcre­
:alor / / nepauaoansra xornoarperar ( C P K ) H e r o TeXHOJIO­
pril 13 . rHlICCK H H Y3CJl - Ga K -paCTBOpHTeJIb nnasa (PIT) . 

Ilaporaaonsre Bbl6poCbf 113 paCTBOpHTeJl5I nnana 
I IH- BeH ­ CPK npn HOpMaTIbHbfX YCJIOBI151 X HMelOT CJIC.llYI0 ­
l OKO B / IlU1H COCTa a : aO,llHH bIC napu (1.87 Kr/M 3), ITbIJICBblC 
BOJI KOB 

QaCTI1UbI n n a aa (19 r /M3) , cep o s o n o p o n (0 .25 r /M 3) , -56.	 
Cep lI l1CTbIH auranpna (0.18 r / M3) 11 B03.llYX (OT 5 n o 

25% n o 06b CMY ) . IT bIJIeBbIC 4aCTHUbl COCTOHT 113 

Kap60HaTa , CyJIb(lHI.lla 11 cyn s rp ar a HaTpH5I Ii aepac ­

TBOp H M bI X BKpanJICH HW. Tesmeparypa naporasouux 

BbI6poCOB HaXO.llHTCH B n penenax 85-1 25°C. B cpen­

HeM KOJIl14CCTBO ITapOra30BbIX BbfGpOCOB 113paCTBO­

p HTCJIH TUJaBa ua 1 T Bbl pa6 aTb lBacMot'r UCJIJIlOJI03bl 

COCTaBJlSlCT 226 M 3• 

)l.rIH npenOTBpal..UCH HH Bb IGpOCOB spenu ux Be ­

meCTB B arvocdiepy WI npa KT H KC HCnOJlb3YlOTCH 

pa auootipaaaue MCTO.llbI : onnocr ynen -rar sre CXCM bI 

iVHJ YTl1JlIOaU1111 r enna HJII1 ,LI,JIH OlIHCTKH OT nsure ­

IlbIX lJaCTl1U n n asa 11 cepoc onepxaur ax ra30B , ).I,BYX­

cryrt e a x an.re CXCM bI. rne nepsa n c r y n c m- crryaorr 

ILlI5I YTHJIlnaUHJ1 renna, a sropan - .ll .1l51 04HCTKH 0 1' 

:;arp5I3H 5IJOlfU1X neI..UCCTB. OGe CXCM bf He n OJIHO CTblO 

oxearsrsaio'r cnexrp 3aL1,<l4 , nO,LI,JIC)l(aI..UHX PCW CHliiO 

npx O'lI1CTKC BbI6p o con 113 p aCT BOpIfTCJHI rtnasa 

CPK; KpOM e r oro, nay x c ryrren sar ue CXCM bl B n p o ­

UCCCC ,LI,JI llTCJl bH OW 3KCn JlyaTaUl11i n OKa3aJII1 H CBbl ­

COKYlO 3¢<l)CKTI1 BH OCTb n HaLI,e)/(HOCTb r11. 
)l.rJH fiarca - paCTBOpHTeJBl TUIaBa CPK 3¢<l>cK ­

THBH bl M M CTOnOM 04HCTKH BblCOKO BJI,OKHbIX aarru ­
neuusrx Bbl6poCOD 51BJI5IeTC51 paapatioranasut aBTO ­

paM H CTaTbl1 11 BH C,llpCHH1>rH ua p ane npOH3BO.ll CTB 

KOH,I1CH Ca UH Ol llfbfU MCTO.ll, onacau ue x o ropor o 

lI p liBCn CH O B [2, 3]. K OH.ll eHCaTOp , COCTOSlI..UHH 113 

HaKJI OHHOrO ny-nca Tp y 6 0 K, pac nOJIO)l(CH HbIX non y r ­

1 198095, Camcr-Flere pcypr, yJI. Hnaaa \.{epHblx , zr , 4. 
cne ITY m 

2630090, r. H OBOC116I1pCK, npocn. A KallCMI1Ka Jl aaperrr seaa, n, 1. 
I-1T CO PAH . 

JIOM K rOpH30HTY 15°- 30°, yCTa H OBJICH n epen BbI ­

TSl)l(HOH Tp y 6 0 w Ii BbInOJIHHeT HCCKOJIbKO ¢YHKum1: 

KOHIlCHCHpyCT n ap H 3 naporasosoro n OTOKa H CY­

l..UeCTBCHI-{O CHillKc'lCT cro CKOpOCTb B BbIT5DKHOH Tpy6c; 

CH li)l{ aCT TCMncpaTYPY naporaaosoro nOTOKa; 

yJIaBJIHBaeT nstnesue 4aCTI1UbI ; 

aficoptiapyer CcpOCO,llep)l{aI..UI1C npl1MCCH CKOH ­

.lleH CH p oBaJ-IHOW )I(J1,llKO CT b lO ; 

YTI1J1113HpYCT aueprmo, BblncmICMYJO B npouecce 

KOHJICHCaUHH napa. 

ITpl1MeHCH l1c KOH,llCH Ca UH OHHo ro MeTona n03BO ­

JI5ICT p e urar s n p upo n o o x p anmae aanasa 6 e3 BBen C­

H IUI B TCXHOJIOfl1LICCKH H npouec c nOnOJIH lfTeJI bH blX 

XHMnlJCCKHX pcarC H TO B 11 yaCJlHlJC HH5I sarp ar 3 H CP­

r o p c c ypc o s . 6C3 napyureana TeXH OJIOrH4eCKOW PC­

)l(I1Ma OCHOBHoro npo u ec c a 11 C B03Bp a m eH HCM 

YJIOBJICHHblX 113 naporaao s o a CMCCI1 XHMHKaTOB B 

6aK- p aCTBOpUTeJlb ITJIa Ba. Oxnaxnarourasr KOH.ll CHca ­

TOP Ilon a , n p o xons no e r o Tpy6KaM , MO)l(CT n a rpe ­

BaTbC5f n o r csmeparypsr , .llO CTaTOlJHOH ,LI,JIH HCn OJlb30 ­

Ba IBUI B ,llaJJb HCHWCM TeXHOJIOrH4 CCKOM npouecce . 

P aCYCT raJOOlll1CTHO f O KOH,llCHCaTOpa 3aKJIIO' ra ­

eTC H B o n pCneJICHHI1 TIJIOma.LI.H n OBcpXHOCTH oxna ­

)KJICH H5I , He06xo W1MO H ,LI,JI5I CHJ1)I(CHHH CK Op OCTH na­

P0J<l30BOro nOTOKa , 3<p(1)CKTHBHoro n bIJIc y JIa BJIHBa ­

HH5I H a6co p 6 UH I1 c epoconepscauiax npuveceii 

nJICHKOH KOHn CHcaTa . C YI..UCCTBYCT H CCKOJIbKO MCTO­

,ll,H K p aC' ICTa TCITJIOM ac cooGM e Ha npn KOH.lleHCaUHI1 

napa 113 naporaaosoa CM CCH [4J. M CTOnl1KI1 paC'ICTa 

nbmCYJIa BJII1Ba HHH H a6 c o p 6 u I111 n p a KO HIlCHcaUIHf 

n apa 113 rraporasoaoa CMCCH a nropaxt He H3BCCTH bf. 

KOHAeHca,-,Hfl napa B npHcyrCTBHH
 
HeKOHAeHcHpylOUJ,HXCfl npHMecei:1
 

Ilpn paapaoorxe H KOHCTpYl1pOBaHI1H KO H.ll eHCa ­

unounoro y CTpOWCTu a , npeana sua s enuoro ,LI,JI5I 

O'IHCTKH naporaaosux cxrecea, 6blJIH y ' lTC HbI CJIC.llY­

1OI..UHC OCOGCHH OCTI1 : 

n ap oraao n s n t n OTOK nocrynaer B MC)J(TP y6HOC 

npocTp3HCTBO KOH.,LI,eH CaTO p a CHH3Y H BbIXO.llHT n a­

nee B BblTJI)/(HYJO TP y6y; 

n yso x Tpy60 K p acnonaraercx non y rJIOM 15°- 30° 
K rOpH301ITY; 06pa3YlOl..U l1i1c51 KO H.ll eHCaT n o n llCW­
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CTRHe M CUJIbI TIDKCCT H CTCK a eT n o K a )f(,[(OH Tp y 6KC 

ny' I K U ,UO Tp y 6 H OH peurerxir a n pUKTWl e ClGI H e 8 3a H ­

MonctlcTByCT C n OTOK m l KOHIleHc aTa Tpy6 0 K , pacno­
JIO)f(eHH bIX usnn e. 

Enaronapa KO H,UcHCaUl1H napa CK Op OCT b napora­
aosoro n OTOK a H napuu IbH OC .ua BJIeHH e n apa n o 

BblCOTe anrrapara cHlUKaIOTC51, a napunam. noe nanne­
Hl1C B0 3,Uyxa pacrer, Tevneparypusui aanop (pasnocrs 
rexmeparyp H aCbTw e H l151 rrpu ,Ua H H o M napunam.non 
.uaBJICH l1l1 H CTeHKH) !1t = ts - Ie 11, CJIe.uo BaTCJIhHO, Ten­

JIOROH n OTOK cyuiecreeuao YMeHblIIaTOTC5I n o Bb l COTC 

ny-ixa. Dpn pac-iere nzrou ianu n OBc p XH OCT11 KO H,Ll,eH­

caropa HYMep auH51 Tpy60 K B try-nee OCYIueCT BJT5ICTC5I 

CHH3Y BSCp X. 

Pac nonoxenue 1"py6 0 K n o n yrJIOM K rop H30 HTY 

I1CKJI IO'-IaeT pe)Kl1!vl bl " 3a XJIe 6 bl Ba H U 51 " B K OHlI: e H Ca ­

Tope , KOTOp blC Ha6 m o .ua1OTCH npn r opH30 HTaJlbHOM 

paCflOJI O)l(CH H H 'rpyoox. Flpn CHH)I(eHIH l CK Op OCH I 

naporaaosoro nOTOKa OTCYTCTBYIO T uefinaronpnar ­
rtsre P C%HM bT B BbTTSDKHOH TPy6e [5.1 . 

Ilpn npoexr n ponan uu xonneacaropa sanau nsr­
M H napaxrerpaxnr H BJI5IIOTC51: pacxon na poraaos oro 
n OTOKa , nocryna ioutero 113 fiaxa nnasa B BbTTIDKHYTO 

r pytiy; resirteparypa naporaaosoro n OTOKa too; na­
'laJI bHbl e KOH UCHTpa W1l1 BO.lI.SlHOro n a p a 11 s oanyxa B 

na poraaonoa csreca; Cp e.lI.HCCTaTllCT W I CCKHe xapax­
Te p I1CTliK H nstneaux ':Ia CTM.U cepoconepxcaiuax ra ­
30 S ; rcoxrerpx -recxa e rrapaxrer psr Tpy6 0 K (M HHa , 

TOJIUlHHa CTeHKH , H a p )')KH bl H .ulla MeTp) H r ennonpo­
BO,n:H OCT b MaTep llaJIa CTe H K H ; ua-ransna» r esrne pa­
ry pa oxnaxztaiouieri sonu H ee CKO pOCTb B rpyoxax 
rtyxxa; KOJIWreCTBO XO.uOB OXJTa)f(,[(a IO ll.J,ei1: sons: B 

Teruro o 6 M e H H H KC. 

f h 30 0 ':lH CTHO(r KOH,n:e H c a TOp IIMeeT cP0PMY npx ­
MoyrOJIbHOr O rtapannenemmena l1 COCTOHT H3 zmyx 
rpvtinux ,n:OCOK, B KO TO p blX aaxpcnn ensr Tpy6KH , CO­

C,IU1H SIIOll.J,He nne BO;:J:5I Hbl e xasrepst. OXJTa)l(,LJ;a lO Ula 51 

sona .uBIUKCTC51 BI IYTPH Tpy60K, a KO H.ue H c a U HH np o­
I1CXO In na I1X T-l3p YJKtIOH n o u cpXH OCTH . O p H npone­
.uCHHll pac-reron npennonaracrcn , -rr o tra Ka)K.uoli 

Tp y 6 KC onnoro psna TCnJIOB0I1 n OTOK 11: CKO p OCTb na­
porasosoro n OTOKa B M C)I(T p y6H OM n p OCT p a H CTBC 

ozutaaxoau . 3'1'0 f103BOJI5IeT nponoznrrs pac-rer sr 
TOJl b KO .uJI5l O.uH OfO paaa Tpy6 0 K n o Bb l COTC KO H,Ll,e n ­

car opa, rne nepeMeH H bl ~m 5IBJISIlOTC5I n a p U HaJIb HOC 

,l[a BJIeH H e n ap a H CK Op OCTb naporasoaoro n OTOKa . 

Ouemrrs Te p M Hl.{eCK H C COn p OH f BJIeH H5l , coanasae­
rsre OKC Jl;:J:HbTMH nnenxa HI B HYT P H H CH apy)KH TPy­

60K, H pacc-nrrar s KO HBeKTHBHblM TCllJI006 M H 

BHY1"pH Tp y60 K 1o.W)I(H O n o 3a BH CH M OCTSIM , pC K OM e H ­

,l[OBaH H bi M B [61. 
3 Kc nep H M CH TaJIbHb i e H CCJIe.uOBa HI151 rr OK a 3aJI H , 

L1TO CKOpOCTb n ap o r a soso r o n OTOK a B MC)I(Tpy6HOM 

rr p OCTp a HCT SC x o uneu caro p a MO)l(CT I13MCHHTb C51 

no-rrn 0 '1' Hy JISI .uO 8 M / C. T a K oM lllHpOKHM znrarra ao rr 

CK Op OCT tt CBSI3aH C H c p aBHOM ep HO CTblO TeXHOJIO-

T CIUI0 3 Hep r eTH Ka NQ8 2012 52 

rI1 t l CCKOr o npouec ca: npn KOHTaKTC n n a s a C )I(ll.uKO­

CT b lO B 6 a Ke - paCT BOp I1TCllC nnaaa CPK n p OHC XOlUIT 

M I1K PO- 11 MaKpOTenJIOBblC B3pblBbi C MfH OBCHHblM 

Bb IIlCJICH l1e M napos BCK H l1a JIIH I. B xone 0 6 p a 6 0 TKlI 

axcrrepioaenr ansnstx nanusrx y CTaHOBJICHO , l.{TO LlJUI 

n p OTI1BOTOK a nap-osnnxocr i, CKOpOCTb naporaaoso­
ro rr OTOKa B M C)I(Tp y 6HOM npocr paucr ne xoruieaca­
r opa Un." H C .uOJI)[(Ha rrpensnu ars 3Hal.{eHH51, onpene­
JICH H Or O 11:3 COOTHOWCHHH 

(I ) 

rnc (J - rr OBepXH OCTH OC HanJ)l(CHH e , HIM; Pn." ­
llJIOTH OCTb napo raaonoa CMC Cl1 , Kr/M 3

; 8 - CpC,n:WUI 

TOJIW H H a llJIe H KJf KOH,Ll,CHC aTa, M . 

M a KCHMaJIbH a5I CK Op OCT b naporasoaoro nOTOKa 

o rr p e,n:eJIH CTC5I 3aK OH OM CPH OCT5IM H B3aHMO,lICHCTBl-Ul 

naporasonoro T1OTOK a H n JICH KM KOH.uCHcaTa, ,l[BM­

)I(YUlHXC51 n Ol.{T H nascrpe-ry npyr zrpyry, ua rpamrue 
paanerra rpaa rrap-cnnea xa. )],JI51 3cPcf>CKT lIBHoti patio­
T bl xounencar opa H e 0 6 x o .ltJ-L.\10 otiecne-nrrr, YC./TO­

BIDI, I1CKJI lO l.{a lOlllH C cpsra fUle H KH napora30BblM no­
TOKOM H ynoc KanCJIb B na porasonu a n OTOK . 

HpJ{ JIaMI1H a p H OM p e)Kl1Me TC':Ie H H H fTJl CHKI1 ee 

TOJIll.J,H H a M O)l(eT 6 bl T b orrpencncna n o COOTHowe­

HHlO X a c 3Im - 51K06a [7], ytlHTbIBaIOUlCMY HaKJlO1I 

rpytinoro ny-nca, 
Flapasrerpsr oxnaxnaiourea BO,n:bT UHyTpH Tp y 60K 

xounencaropa nonxnsr 6bITb CJIc.uYlO111HMH : 

resmeparypa oxnaxaaio mea sonsr BHY1"PH TPy6­
KH .uOJDKHa COOTnCTCTBOBaTb raxouy 3 H a llCH UlO, npn 
KOTOp OM M O)I(HO n eCTH rrpouecc K OHlIe U Ca U l1 11 na 
BCCX r pytixax nysxa no BblCOTC an napara; n pu 3TO,\l 

3Q)epCKTHBHOCTb nblJIc yJI a BJIHBaHHH H aficopbuns 
cepoconepxcaunrx KOMnOHeHTOB .uOJI)I( Hbl 6 b lTb MaK­

CI1MaJlb H bI Mll ; 

r esinepa'rypa 11 CK Op OCT b OXJIa)I(JJ:alOUleM BO,IIbI 

(y.ueJIb H bIM pacxon) )l.OJI)KHbl 0 6 C C rr Cl.{~fBaTb nonyre­
H HC ira BbI XO,lIe H 3 xounea car opa s onst C napaxierpa­
MH, n 0 3BOJI51 IOlU lIM H H CnOJIb30BaTh e e B e XH OJIOrJ1­

' I CCK OM UHKJI C rrpeanpaaran (60- 70°C) . 

KOHAeHCal.\HfI ABIo1>Kyw,erocfI 4HCTOro napa 
Ha 0AHH04HOM ropH30HTaJlbHOM l.\HJlHHApe 

B ocnoay M eTo.uHKH pac-rera xounencaropa C na­
KJI OIH l bl l\U1 Tpy6KaMH 3aJlO)KCHa Mo.ueJIb pac-rera 
TCllJIOOT,n:a llI1 IPl1 xouneucauun .uBl1)[(yll.J,erOCH n apa 

aa O,n:HH O' I HOM r Op liJOH TaJlb H OM uannun pe npa era 
n On e p C'IH OM 06TCKaHHII, npC.lI.J10)l(eHHa51 B [8 J: 

( 
O.25 

Nu = X 1 + O . 2 7 6 P~ K (2) 
JRe' X Fr J 

r.uc Nu = a.d/ A - l.{UCJIO HycCCJIbTa; a. - K03cPcPHlll[­

CHT Te llJIOOT.ua ' lH npn KOHlleHcaUHH ,n:Bl-DKywero clI 

n ap a ; d - .uHaMCTp U I1JIH H.up a ; A - K03<PcPHI.{I1CHT 

Te ITJIOnpOBo,n:HOCTl1 )i(]1J.(KOCTl1 ( K OH.Lle H CaTa ) ; Re' = 

= U" d/v' 
nOTOKa IT 

HCMaTJf'I( 

X = 0.9[1 

r 

cpM 
JIO Ta naj 

KOCTh )[(] 

KOM nJIeK 

~ " - )l.HH 

xocrn n J 

3cl>cP l1u H 

(0' '' 
Fr= ­

ga 
uoro ITa,Il 

nnH C 

HblX nan 
BH,lIy 

a 
ao 

rllC ao­
ro napa; 

Q THO 

TC n JIOOT. 

aJIbHOr O 

B [9] 
p HTeJIbH 

JIaHHblM 

Tenno 
1-13 

aa OA' 

J13Be 

CHpylOW 

HH3M re 
3a,ua' 

CMeCI1 p 
pexi: 

HOM eJIC 

raercs ;1 

qnm 
K03 cP <t>~ 
uneirr r 
nepneu 

Pew. 

H ,lI1l<t> <l 

l4] l1 oJ1~ 
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lKO­

)..'lH1' 

HblM 

) TKW 

) 11JUl 

·0 80 ­

/HCa ­

iene ­

(1 ) 

n.B 

:.nmlJI 

I 
DTOK a 
I 
CTBH SI 

./lBI1 ­

HHUC 

pafio­
yCJIO ­

IMno-

IKH ee 

uoure ­
'aKJI OH 

rpyfiox 

[ rpyfi ­
fO , n p l1 
l11 M na 
l:f 3 TOM 

Ip 6 1l1Ul 
'bMaK­

BO..ubl 

onyxe ­
MeTpa ­

DJI Or l1 ­

tapa 
,.jAp e 

a C Ha ­

,aCYCT a 

51 napa 

PH ero 

): 

(2) 

cPHlJ.H ­

uerocn 
IUHeHT 

; Re' = 

= U 'dlv' - Mo.umpnUJfpOBallHoe ' IUCJIO PCHHOJIbllCa 

n OTOKa n a p a ; U" - CKOp OCTb n OTOK a napa; v ' - KJ1­

HCMaTIIYCCKUH K03cPcPH:llH CHT B5I3KOCTI1 ){(1111K OCTH ; 
I/ 3 

X = 0.9 1[ + P~ - 6e3p a3M ep H bl H KO MllJIeKC; K =J 
= _r_ _ Kpl1TCpHH KYTaTCJIa1l3e ; r - CKphITa 51 Terr­

cpt:.! 
]]OTa napo 0 6 p a30 Ba HH5I ; Cp - YlleJTh Ha5I TCIlJIOCM ­

1/ 2 

KOCTb )J(11.llKOCTI1 ; R = P'Il' - 6 C3p a3M Cp Hhl 11 
( )p"Il" 

KOMnJICKC ; p', p" - IlJIOT HOCTH )J(J11IKOCTH H n ap a ; u', 
u" - .uHH aM I1'lCCKHe K03cPqmuHeHTbi B5I3KOCTH )J(11.ll­

KOCHI H n apa ; Pr = v'l a - 'lI1CJIO O p a H.uTJIH; a - KO­

3Q>cPHUHCHT TCM o eparyp o n p OB01IHOCTH )J(J11lKOCTI1; 

(UY
Fr = -- - YHCJTO <1>PYlla ; g - yCKo peHl1e CB06011 ­

gd 
uoro n a.uCH H5I . 

,I(JUl c p a BH eHIDI pacxer nu x I1 sxcnepa srea r ans ­
HblX n a n n six 3aBI1CHMOCTh (2) MO)J(HO n p l113eCTH K 

Bl1,lly 

4 JI/4
~ = 1 + 3.62 X Fr ,llJT5I t:.! = ide m ; (3)(a o PrK 

/
4 J I 3

~ = 1 + 3.62 X Fr ,llJI5I q = ide m , (4)
(a o P rK 

me a o - K03(pqm Ul1eHT Tc rulOOT,ll a ' Hf H c no.uBI1)J(HO­

ro napa; q - Y,lleJIbH blH TeO JTOBOH nOTOK. 

OTHOCJfTCJTbHOC YBeJIHtleH He K 0 3(p cPI1UH eHTa 

Ten JIOOT.na ' fI1 51BlliICTCH cPyHKUl1el1 o n n o r o x p n r ep a ­

aJIb HOrO KOM llJIeKCa M = x4Fr/ (Pr K ). 
B 191 n OKa 3a HO, ':ITO 3a BHCHM OCTb (2) yziounerao ­

PI1TCJIb HO corn ac yerc s C 3 Kc n e pHMCHTaJl bHhlMH 

,UaHHhIMI1. 

Tennovaccoofiveu npa KOHAeHca ~HH napa
 
H3 ABH>KYl.lJ,eHCfl napor asososi CMeCH
 

ua 0AHH04HOM ropaaoaraneaora ~HJ1HHApe
 

J.13I3ecTHo, ' ITO np"CYTCTBI1C n CMCCJf I1CKOJ-I.llCH ­

CHPYIOIllI1XCH r a30B c y uiec r s en a o H3Me Wl eT Mcxa ­

IHf3M TenJIO- 11 srac c o n ep c n o c a n p n KOH,lleH CaUI1H. 

3 a.na ' ra 0 KOH1ICHCa U l1l1 n apa 113 n ap o r a so s o a 

CMCCH p c nrerr a B [41 rtpn CJIC,lJ.YJOlllI1X ,llOnYlllCHI15IX: 

PC){( H1\1 resem or n a p o r a ao s o n CM CCH B norpamrt ­

HOM CJlO e n6JII13H nOBcpXHOCTH p asnena n pen n o n a ­

r aeTC5I JIaMHHapHbIM ; 

cPI13H'IeCKJ1C C130 HCTBa CM eCH (KI1H eMaTWICCKlIH 

K03cP<PHf.J.HCHT BSl3KOCTH v , 1lJI0 T I IOCTb p , K03cPcPl1 ­

Ul1e HT ,lJ.H<!J(l l Y3HH D ) H C 3a BHC5lT 01' xoopzunrar sr, 
nCpnCH,llHKYJIHpHOH rpairu u e p asn en a . 

Penreuaexi ypaBHe H H H .nBH)J(eH H5I r a30BOH cPa3hl 

11 ,ll11¢cPY3HH B npn6 JTJ1)J(eH JfH rr orpana-mo r o CJI051 

[4J nony-ren a a n n p OK CHM l1PYJOlll,a51 3aBHCHM OCTb 

ShRe- J/ 2 =O .57Sc J / 3[(I+~ S c)+~Sc], (5) 
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rne Sh = mn _ x_ - ' IHCJlO Lllepuyzta ; mD- )1I1¢ ­
Woo - Ws DPn.B 

cPY3HOH Ha51 ' IaCTb n OTOK a M aCChi ; Woo 11 Ws - Macco­

asie cO,lJ.ep ){(aHI1JI napa B CMeCH H Ha rpamnie paanc­
J1a nap - )J(J11IKOCTh ; x - K oopllH HaTa , OTC'IliTblBaCM <l51 

OT CTeHKH Tp y 6 Kl1 : Sc = vI D - 'IHCJlO WI\UI.llTa ; p= 

2= ~ Rc l/ - 6e3pa3Mc pHhIH KOM IlJIeKC; m = ql r ­
r U" 

MaCCOBhl11 n OTOK napa; Re = -.!l!!- - ' lHCJIO P CH ­
rp"v 

non snca IlJICHKH. 

3aUHCHM OCTb , on pezrenmouras H 3MCHeHMC KOH­

ueirr pau mr napa n o TOJIm l1H e ,lJ.HcPc!>Y3HOH Ho r o 

CJl0 51 , n p e.nCTa BJIeH H a5I B [4 j, HMeeT BM 

(D = Woo = 1 1 . (6) 
Ws 1+1.75~Sc 2 / · (1+~S c) 

Texmcparypa n OBc p XHO CTI1 paan en a cPa3 aap a a ee 

HeH 3BCCTHa 11 onpe.neJI51eTC5I HTep aUl10 H H hi M MeTO ­

.nOM HbIOTOHa. 0 p H 3a.uaHHbIX TCMn e p aTy p c n a p o r a ­

30 130 r O n OTOKa n a 6 eCK OHC 'IHOCTl1 I", H M aCCOBOM CO­

,lJ.ep){(aHHH n apa Woo n a anenne B CMCCH p a BHO: 

P = Ps(/00 ) + PB (t.-O), 
r n e Ps 11 PB- rr ap u n ans u o e .naBJIeHHC nap a H.naBJIe ­

H l1e noan yxa ; 

Ps 1- Woo (7)p = 1- woo (1 - Mn/Al 
B

) ' 

r a e M; H M B - MOJI 5IPHhl C M a CCbI n ap a H n o szryxa. 

Coor nomemre (7) nonyseno n npezmonccsenna , 
'ITO .llJI5I napa H soanyxa MO)J(HO H CnOJIh30BaTb ypas­

HeHHC n neansu o r o raaa, 
3a.uaBaHCb 3Ha'leH HCM r ev rreparypu na rpann u e 

p asn en a nap-csnn x o crs I?)(BCpXHlU1 I1H,lIeKC )'Ka3hI­

naer HOMep rrrepauna), n o <!J0pM YJIe (2) M O){(HO HaJ1TI1 

K0 3qlc!>HuneHT Te IlJIOOT.na'll1 n p a yCJIOBHH I:1.t = I?)- t.. 

113 (6) o npe,lIeJI5ICTC5I 3Ha'lCH l1C w;l). O OCKOJlbKY ira 

r p a rr n u e paan err a cPa3 're ssrt eparyp a n apa p anna I" TO 

(1) _ 1- psiP 
Ws - . 

1- (Ps i p)( l - MnlMe) 

HTc p aU HOH HhI l1 rr p o u ec c n o r earrep aryp e t?)C'IlI ­

Ta eTC5I 3a KOH"lJeH HbIM, eCJIH ..uoCTl1 r aCTCSl YCJlOBl1e 

w*(i) - w(i)1 < 10-5 
s s ,I

rn e 3Ha'leHH C W: (I) COOTBeTCTBye-r n OCJIe,lIHe11 11Tep aUJfI1. 

,I(JUI p acx era K0 3 cPcPHUlleHT3 ,llHcP¢Y3HH, BXOM­

ute r o B '!HCJIO Illxnrnra, H Cn OJTh 30BaJl aCh ¢opMYJTa , 

peKOMeH,lJ.0 l3aHHa51 B 110]: 

D =1O-7T~ · 75) 1 + 1. 1 ' (8) 
M n M B p(V;/3+ V;/3) 

o 

•
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HaKJIOH H bI H 

KOH.l\ eHCa TOp 
(rpy6 Hblll 
rry-rox) 

Bxo,U 
OXJIa.:>K.ll:alOlUeH 

BO,UbI EaK-paCTBOpI1TeJIb 

nna sa 

3e.1 e llblii meJJOK 

P IIC. 1. Il pa nna rmansa aa cxexraconoperenepaunon ao­
r o x ornoarperar a 

B sroa <POPMYJIC r esineparypa napora aoson CM CCH 

BhlpCUKCHa B KCJIhBHHaX, M OJI5IPllhlC MaCChI napa H 

noaayxa - B rpaseaax na M OJIh, .n.aBJICHHC naporaso­
BOH CMCC H - B Meran aCKaJUIX; .ump<PY3HoHHbIC 0 6 1>­

CM hi BO,l.l,HHOrO napa Vn H soaayxa VB- B Ky6Hl.JeCK:HX 

c a HTH MCTpax na MOJlb. T a 6 JIH l.JH bl C 3H a l l CH lliI srnx 
rrapaxter pos npneeneasr B [61 . 

.D,u H a M Hl.JCCK H J1 K03q:,qmUHeHT B5I3KOCTH CMeCH 

o n p c .n.CJIHJICH rtpn aanana ori M OJIhHOH .uOJIC nosnyxa 
B csreca M B l1 , = (roo + Is)/2. 3Ha'le HUR q:,H3lfllecKHx 

I3CJIlflIHH B (2) Will nJICH K I1 xona ea car a BbllJHCAA­

JIl1Cb no I = t, + (rs - le)/ 3 , r ennor a diasoeoro nep ex o ­

na - npa I = Is (L I] . 3 aBH CH M OCTH <pH3HlJe CK:HX 

CBOHCTB xouneucara, napa H soanyxa OT r esm epary­
psr annpOKCHMHpOBaJIHCb n OJIHHOMaMH lJCTBepTOH 

crenenn no Ta6 JI I1'lHbl M 311a 4 eH H5IM (11, 12]. 
H a pUC. I n p e.n.CTa BJICH a npaauarraam.nan cxexra 

CPK H 6aKa - paCTBOpHTcJUI nnasa , na pHC. 2 npHBO­

JI.lITCH COn OCTa BJIeH H e PC3YJIbTaTOB pacuera (JIH H I1H ) 

II excrrepm rerrr a (TO' I K I1) r13]. K a K BH JI.110 H3 pHC. 2, 
COBn M CH I1C pacs er uu x 113 K c n ep H M CHTaJI bH bIX ziaa ­
HblX llnOJIHC YjlOBJICTBOP I1TCJIb H o e . 

H a P I1C. 3 npa aenenu peaynsrar si pac-rera H3M C­

H e lH ill OTHOCI1TeJIhHOrO TCnJIOBoro n OTO Ka q/ qo(qo­
TCfIJlOBOH nOTOK rrpa KOH,l.l,eHc aUHH -nrcroro napa) , a 

na pHC. 4 - MaCCOBo ro conepx amor napa na rpan nue 
paaaena epa3 B 3aBI1CHM OCTH OT lJH CJ1a Re rrpa HH3­n.ll 
KOH I1CXO,l.l,HOH KOHuc HTPaUI1H noanyxa B nap0 fa30BOH 

CMCCH wB ~ 1%. Pacxersr BblTIOJIH CHbI .um1 jlBYX 3Ha l 1C­

H H H TCMITCp aTYPHoro nanopa /),,1. Il pn RCn.B = 100 

Teunoanepreraxa NQ 8 20 12 54 

qjqo ~----------------, 

0.8 

0.6 

0.4 .-­
0.2 '--_ _ -L -'- .L..-_ _ ----! 

o 0.04 0.08 0.12 

PHC. 2. 113MeHeHHe OTHOCHTeJlbHOrO YLlCJl bH Oro Te JJ.lIO­
aoro nOTOKa OT I1CXO.1lHOH xoa u earpau aa soanyxa B rta­
po rasosoa CMeCI1 rrpa foo = 93.3°C. 

Pn. BUn .B' Kr/(M2 . c) : 1, 2 - 2.0; J , 4 - 0.3; I1f, °C: 1, J­

10; 2, 4 - 20; • - Pn.BUn ,B = 2.0 Kr/ ( M
2

. c) , 11! = lOoc ; 

A - Pn .BUn.B = 0.3 Kr/ (M
2

. c) , M = lOoC 

npou e c c KOHjlCH CaU l1 11 COOTBeTCTByeT CJIY'la lO npax­
TH'le CK I1 HCrr OjlBIDK1-IOH napOra30BOH CMC CH. 

Ha p HC. 5 11 6 n p CJI.CTa BJICH hi PC3YJIbTaTbl pacsera 
q/qo H Ws n pn BbICOKOH KOHUeHTPaUI1H s oanyxa B 

CMeCH (W = 50%). K a K n OK a3aJI H 3KcnepHMeHTbI , B 

ona canaue B [2], nO,l.l,06HbIC PC)I(HMbI Ha6J11o,l.l,aIOTClI 

n pu KO H,l.l,e H Ca UH H naporasoaoa CMCCH aa BCpXWIX 

rpytixax p a CCM aTpl1Ba CM Oro xonaea car opa. 

H eo6xoJlH M O OTM CTHTb , 'lTO ,l.l,J1H napOB03JI.yWHO­

103 3HatleHHH OTHOCI1r o n OTOKa npa lJl1CJIaX R e n.B ~ ­

TeJIb HOr O TelUJOBOr O n OTOKa H KOHueHTpaU~1I1 B03­

zryxa a a r paHH UC paaaena Q:>a3 CTaHOBJITC5I npaxra-re­
CKl1 n OCTOHH HbIMM. C H H)I(e H I1C TCnJIOBoro rrOTOKa 

JJ.OCTaTO'IHO c JIa60 3am 1Cl1T OT revrteparypsr CMeCH 

ua BXOJJ.e, HO CymCCTBCHHO - OT CKOpOCTH nOTOKa 

napOra30BOH CM e CH H HCXOjlHOH KOHUCHTpaUHlI 

B03JI.yxa B CMC CH . 

1 

0.9 

0.8 

0.7 

0.6 L -L- ...J 
2 

qjqo r----------~---~ 

- - - - - -

10 

P IIC. 3. l1'3M eHeHll e 01l10 CI1TeJ1l.I\Oro r en n o ao r IlOTOKa 
B 3aBI1CllMOCTI f OT QI1CJ1 a Re naporaaouoa CMCC ~ I ; wB = 
= 1%, r esmeparyp a rrap o r aso so u CMeo t HU BXO)~e B KOH­

.1leHCaTOp fn.B = lOO°C. 
111, °C: 1- 10; 2 - 5 

- - - - J-­

C1e; 
TpaUH51 

HHUC p : 

POCTI1 n 
HJICTCH 

rpauau 
nplil 

ua nai« 
HWI na 

yMeJ 

CHH: 

Te bHO 

,l.l,a4H; 

yner 
MO ro f( 

nail 
eTCH TC 

nap-in 
n pl 

Tpy6Ke 

pa nap 

TPaUlH 
pace-m 
K npyr 
JlJl H Bb" 

OTonH 

nourer 
JU 

mero 
KOMn o 

JlYJOllU 

C D : 

rne s ­

All', 
Hbl )lJl

I 
napo~ 

lIp li ~ 

CHlB H 
I 

'!I1Tb ~ 
I 

30 BO 

me n 
M 

I 

Cli JY 
onpe 

~ 
KaMI 

noci 
nyu 



I 

I

10­, 

I 
ra-

J ­
I 
~c ; 

n p a K ­

scuer a 
ryxa B 

rCHTbI , 

alOTC5I 

PXHJ1X 

YUIHO ­

~HOC J1­

11 803 ­

KTHlle ­

10TOKa 

CM e Clf 

IOTO K a 

p aU J1J1 

B 

,0Ka 
>IIo = 
WH-

Cnezryer OTM eTJITb , ':ITO npn BbI COKJ1X KOH lJ,eH ­

T palJ,H51X 803,II,yxa 8 CMeCn ero KO HlJ,e~ITpa lJ,H51 a a rpa ­
H WlJ,e pasnen a rpaa n p aKTW -leCKW He 3a 8 HCI1T 01' CK O­

pOCTH naporasosoro nOTOK a (C M. pHC. 6 ). 3 1'0 0 6bSIC­

H 5ICTC}I H H3KHM napunansn soa u a BJIe H HeM n apa na 
rpamrue pasnena dias. 

np H KOHlleH CalJ,HH nap a 1I3 naporaaoaori CM eCM 

na naxere Tp y 6 0K npoucxonsrr cnenyiounre H3MeH C­

HH5I napasicrpoa n o BbICOTe KO H,IlCH CaTop a : 

YM e H b lU a eTCSI CKOp OCTb naporasonoro n OTOKa ; 

CIHDKaeTC5I TeMn e parypHhlH uanop S t, a CJI c,nOBa­

TCJlbH O, TCTIJlOBOH. nOTOK 11 K03q)¢ H lJ,HeHT TCnJIOOT­

.lIa':lH ; 

YBcJl lilIMBa eTC5I KO HlJ,e HTpaUI15I uexoanenca pye­
MOro raaa; 

naaaer na punam.aoe ,Ila13J1 CH I1C n a p a Ii ysteu sura­
CTC}l TeM n ep aryp a na csnneu aa na rpaanue p a 3UCJIa 

nap-snnenxa )f(H.n KOCTH . 

Il pn pac-rer e TCTIJlOMaCCo06Mc H a na Ka)J()lOH 

Tp y6KC HCXO,nU bIMH ,II,aH H bl M H 5lBJI5IJOTC5I re srnepary­
p a rtaporaaosoro n OTOKa, e r o CK Op OCTh H KOH U CH ­

Tpa lJ,H 51 I30 3.lIy xa B n ap e . 3 TH a em 1':1HHbI ue06XO,II,l1MO 

paCC'IHTblBaTb npa nepexone 0 1' O,1J.H Oro pxna Tp y 60K 

K npyroxry no Bbl COTe Tpy 6 Horo rtysxa. Cl>OPMYJlbl 

i1H5I Bbl tIl1CJICH IUl narrCH H5I u a BJleHHH np a nepexone 
0 1' oznro ro pana K npyrosry MO)f(HO I10Jl y<IMT b M3 COOT­

H OIUCHI1H 6 aJIaH Ca MaCChI n l1 M nYJlbca . 

AnSI K 03cP<PHUHCHTa COn p OTH BJleH H}I CD (nxons­
utero B ypa BHe H H C MMnynbCOB) np a m aXM aTH OH 

KOM n OH OBKe Tp y6Ho r o ny-nca MO)KHO aa rnrcars crre­
nYJOllJ,HC <pop?>rYJlhI [6]: 

CD =1.42(s/d - It!) Re~O; 1 5 

n pu 600 < RCrr.B < 7000; (9) 
CD = 5.2(s/d _ l) - 1 !3 Re ~ ~~ 2 9 np n Re 

ll D 
> 7000, 

rne s - paccToSIHHC MC)f(.lIY Tpy 6 KaMM B nY'IKe . 

AnnpOKCI1MH PYJOllJ,l1e 3a Bl1CHMOCTI1 (9) non yse ­

Hbl.LJ,JUI cn y x a s 06TeKaHJ15I n yxxon Tpy60K BOM HblM 

n apou oe3 ero KOHllCH CalIHH. K a K n OKa 3aH O B 114], 
npu KOH,1J.eHCaW1H K O:)(p<PI1UHeH T Tp eH I15I MO)f(CT 

CH ln HT bC5I na 25 %. 113 6 aJl a Hc a MaCCbl MO)K H O nOJlY­

"lIHTb 3aHl1CHMOCTb 1I,JHl rtep e c x era CK Op OCTII napora ­

301301'0 nOTOK a n o BhI COTC an rrap ar a : 

U _(S- d ) PllUn.B (n)-ndQrr/r 
n.B(n+1) - ( _ d) , (10) 

S P(n+l) 

m e n - H OM Cp Tp y 6 K H n o BblC OTe Tp y 6 H o r o nysxa. 
Macconoe c o n cp xcan n e napa B rt apo r a aono a CM C­

CH 1I,J151 n-H no BbI COTe KO H,Ile H CaTOp a rpy 6 K e rrax era 

onpCneJI5ICTCH n o COOTH Om CH l110 

(s - d ) PnUn.D(n)WO 
W ..,--------''-----'--'---'-'-~:.=..--''----,- (11 ) =

n (s - d) P(n - I)U n.B(n-l) - ndq (n _l) / r 
Tlpn p afiore KOHlJ,CH c aTOp a C HaKJIOH Hb l M H T p y 6 ­

KaMH B P C)K WMC l1 HTe H CH 13HO ii KO HnCH c alJ,WH nap a n a 

nOCJICllHWX no xon y ,1J.Bl1)Ke HIU l nap o raao s o tt CM CCH 

nysxax Tp y 6 0 K B0 3M O)KHO YSCJIl1l-leH H C COu ep )KaH HH 

Ws 

0.2 

0.1 

0'1 0~2~---~----=='=:::=

103 104 Ren.B 

PHC. 4. 113MeHeHHe MaCCOBo r o COAep)KaHI15ln apa n a rpa­
HHue pasnena ¢a3 npa KOH,lleHcaUJ1H naporasoaoa CMe­
CH; wB = 1%, tn .n = 100°C. 
0603Ha'{eHI15l CM. pMC. 3 

g/qo 

0.14 

1 

0.10 

0.06102 103 104 RCn .B 

PIIC. 5. 113MeHeHl1C OTlI OCI1TenbHOro TCfl.lIOBOrO nOTOKa 
B 3aB I1C I1 ~10CT I1 OT '{Hcna Re rrapora aoao ti CMeCM; wB = 
= 50%, tn .D = 60°C. 
!J.t, 0C: 1- 20; 2- 10 

Ws 

0.8 

0.7 

/ 1 

'- / 

0.6 

0.5 I I I I102 103 104 
Ren.B 

PHC. 6. 113MeHeHHe MaCCOBoro COACp)KaHH5In ap a aa rpa­
n nue pasn en a ¢a3 OT 'Il1 cn a R e rraporaaosoa CMeCI1 ; 
wD = 50% , trr.n = 60°C. 
0 603H aQeHHll CM. pnc. 5 

soanyxa B CMCCM ,1J.0 80% l1 fione e , YTO npI1BO,II,HT K 

B0 3H l1KllOBeHl1JO pC)KHMa BbTH)')KJlCH H Otl KO H Be K­

IUU 1 rr ap o r as o n o r o n OTOKa ( n O' ITH n o aayxa ) . Flpn 
3 TOM npo u ecc K Ol rneH CaU I1W n a p a 11, CJI C,1J.OBaTCJlb ­

H O, oop a30 BaIlI15I fIJ1eHKl1 )KWUKOCTH Ha rr OBep XH O­
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CHI Tpy 6 0 K l1 C'IC3aCT• .1laH H hIH n p o u e c c 5lBJUICTC5l 

Kp a HH C H C)f( CJIaTCJl b H bIM B p a60TC KOH.nCH CaTOp a , 

rr OCKOJIL KY B 3TOM cnysae n epecr aror BhIrIOJIH5l Th C5l 

OCH OBH hl e <PYHKUlHI annapara: rrsrrreynaammanae 11 

aocopfiuaa r a 30 0 6 p a 3H hIX npusrecea n JICH K OH K OH ­

.LI,CH CaTa . 

JI;uI 3 q><pCKTI1 BH OH p a 6 0 ThI K Oll.Ll,CH CaTOp a C H a ­

KJIOH H hl M I1 Tpy6 K a Ml1 Bh I6 11paJOTC5J T a KH C P C)f(YlM hI , 

npn K OTOp hl X npo uecc K OH.nCH Ca Ul1l1 napa XOT5l H 

5J BJIH CTC5J M OH HTC H CH BH bl M , HO n p 0 l1CXO.Ll, l1T no 

BCCH Bbl COTe annapara. 
Ta KHM 06p a30M, n p e.LI,JIO)f(CH Ha5J M CTo.uH K a pac­

-rera n 03BOJI5JCT onpenenarr, H Co 6 XO.Ll, I1M bI C xapaxr e­
PI1CTI1Kl1 TCJIJIOM aCCoo6 M eH a H TjJ eHl15l npn K OH.LI,eH­

cau an n apa fl np ucyrcrn u u H CK OH.ne H Cl1 p y roIIJ:l1XCH 

rrpn uecea ua Ka)f(,Uo t t rpyoxe HaKJIOH H Or o K OH.lleH­

car opa, rrOJIY' l CH HbIC P C3YJI hT<lThI .LI,a lOT B03MO)f( ­

H OCT b rtpoaaanaa np oaar t, BJI l151 H He Ka)f(,Uo t'i xapax ­
TCp l l CT HKH naporaaonoro rrOTOK a na 3 cP<PCKTI1B ­

lIOCTr, npo uecca r ennorrepena-nr, onpenemrr s 
KOJll1.'ICCTBO Tpy60K B annapar e 11, CJIenOBaTCJIb H O, 

rU lOIUMb e r o Tc n JIo o 6 M CH H OH n OBc p XHOCTH. Ilpen­
JlO)l( CH nas MCTO.u11 xa II0 3BOJI5lCT pace-r I1T b) aar s npo ­
UCCCbl KOH.nCHc a U HH n ap a C BbICOKH M CO,LI.Cp )f( a H H eM 

H CKOH.llCH CH p y rollUIXCH K OM n OHe HTOB B npousrur­
n CH H hLX y CTaHOBK ax. 
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