OMPEAENEHUE MOBEPXHOCTU KOHTAKTA ®A3 XMMUYECKUM METOOOM B
YBJTAXXHUTENE CO BCTPEYHbIMU 3AKPYYEHHbIMU NMOTOKAMMU

M.A. TumoHoB, E.T. TuMOHOBa

PEDEPAT

KOHTAKTHbIA AIMAPAT, XEMOCOPBLIMS, I10-
BEPXHOCTb KOHTAKTA ®A3, TETTJIOOBMEH, KO3®-
OUUNEHTbI TETT/IOMACCOOBMEHA

B cmamse npedcmasneHsl pesynemamesi uccie-
008aHUU 'N0.-8bISBNEHUKD B03MOXHOCMU UCNO/L30-
8aHUSI XuMu4eckoeo mMemoda 01 onpedeneHus uc-
MuHHOU nogepxHOCmMuU KoHmMakma ¢as 8 annapame
(OpPCYHOUH020 MUNG = y8JIaXHUMene co 8Cmpey-
HbIMU 3aKpy4YeHHbIMU nomokamu. CywHocms Memo-
0a 3akmo4yaemcs 8 onpedeieHuu Xapakmepucmuk
macconepeHoca npu abcopbuuu, conposoxdaemoli
Xumudeckol peakyuel, U ycmaHOBNEHUU C853U IMuX
Xapakmepucmuk ¢ KUHEMUKoU npomekarou,edi Xumu-
4yeckol peakyuu. YCmaHoseHo, 4mo nogepxHocms
KOHMakma a3z nponopuuoHanbHa 2udpoouHamu-
yeckuM ycnosusmM pabomel - Ko3gouyueHmy opo-
weHus u maccosoli ckopocmu 8030yxa. llonydeHHbie
OaHHblE NOKA3a/U, YMO NpUMeHeHue XUMUYecKo20
Memoda no3eonssem onpedensme UCMUHHYIO No-
8EpPXHOCMb KOHMAKMA a3 8 MenaoMaccoo0bMeHHbIX
annapamax.

TennomaccoobMeHHble MPOLLEeCChl WKUPOKO pac-
NPOCTPaHEeHbl B Pa3fIMYHbIX OTPACASAX MPOMbILL-
neHHocT. [ng npoBegeHWs TakMX NpOLEeccoB
ucrnonblyetcs 60NbLIOE KOAMYECTBO anmnapaTos,
XapakTepu3ytoLleecs 3HauyuTenbHbIM pa3Hoobpa-
3MeM KOHCTPYKUMIA u ycnoBuid pabotbl. OgHUM K3
BaXKHeMLWmMX (akTopoB, onpegpenswowmx 3dpdek-
TUMBHOCTb TEMJIOMACcCOOOMEHHbIX annapaTtos, §B-
NSIeTCa NOBEpPXHOCTb KOHTakTa da3 (MK®d) mexay
rasoM W XXMIAKOCTbO. [1pex e BCero 31o 0THOCUTCA
K KOHTAKTHbIM annapaTtaMm Ans Tenj0BAaXXHOCTHOM
06paboTKM B MPOMbILLIEHHbIX YCTAHOBKAX KOHAM-
LMOHUPOBaHMs Bo3ayxa. OCHOBHas CNOXHOCTb Npu
pacyeTax KO3pOUUMEHTOB NepeHoca B HMX CBs3a-
Ha C onpefeneHMeM LeiCTBUTENbHOM MOBEPXHOCTU
B3aMMOLEWCTBMS BO3ayxa M BoAbl. [lo3aTomy npu
06paboTke 3KCMepUMEHTANIbHbIX AAHHbIX 06bIYHO
npuMeHsoT ycnosHyto MK®, paBHyto nnowaan no-
nepeyvyHoro ceyeHuns namn obbeMy KamMepbl annapara,
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ABSTRACT

CONTACT DEVICE, HEMOSORBTION, SURFACE OF
CONTACT OF PHASES, HEAT EXCHANGE, HEAT MASS
EXCHANGE COEFFICIENTS

The results of the researches of the chemical
methods for determining the true surface contact
between the phases and heat and mass transfer co-
efficients for the machine-humidifier with counter
swirling flow are shown. This method can be used in
other heat and mass transfer devices of the indus-
trial air-conditioning systems.

~ -

cynTag ee BeMYMHOM MOCTOSAHHON. [10 MpUHATOM
MK® BblUMCASKOTCS YCNOBHbIE CpeaHne KoahduLm-
€HTbl NepeHoca TeRS1A U Bnaru. B peicTButenbHo-
CTU BeMYMHA MeX(DA3HOM MOBEPXHOCTU 3aBUCUT
OT MHOTUX KOHCTPYKTUBHbIX M PEXUMHbIX NapaMeT-
pOB annapaTa 1 U3MeHSeTCs B LUMPOKUX Npeaenax.

B paHHOM paboTe 6blia MpeanpuHATa MOMbIT-
Ka 3KcnepuMeHTanbHoro ornpegenenns KO B
YBNAXXHUTENE CO BCTPEYHBIMU 3aKPYYEHHbIMU MO-
Tokamu (B3M1-Y) c noMoLbo XMMUYECKOFO METOA3,
KOTOPbIN UCMOJIb30BaNCs B NEHHO-6apOOTakKHbIX U
BMXPEBbIX ra30XMAKOCTHbIX annapaTax [1, 2]. 1ot
MeToA, NO3BONSET OnpeaensTb uHTerpanbHyto NMKO
HEe3aBMCUMO OT CTPYKTYpbl ABYX(}A3HOro MnoToKa.
CylWwHoCTb MeToAa 3ak/yaeTcs B OnpeaeneHum
XapakTepuCTMK MacconepeHoca npu abcopbumu,
CONPOBOXOAEMOWM XMMUYECKOW peakuuen (xe-
Mocopbuuen), U yCTaHOBNEHUM CBSA3M STUX Xapak-
TEPUCTUK C KUHETUKOM MpOTEKAIOLLEN XUMUYECKON



peakuuu. [Ing 37Ol Lenn ncnonb3oBanach peakuus
nornowexns CO, n3 cMecn C BO3AYXOM BOAHbIM
pactBopoMm NaOH.

Yka3zaHHas peakums npoTekaeT no «ncesaonep-
BOMY» nopaaky. B aTom cnyyae MCTUHHBIA KO3DPU-
UMEHT MAacCcooTAauM B XuaKkon dase B (M/c) npu
XemMocopbuum He 3aBUCUT OT TMAPOAMHAMMKM CI10S
M MONHOCTbIO OMNpEenenseTcs CKOpPOCTbH XMMUYe-
CKOM peakumu.

By =\ Kk2DqC, 1)

rae k, — KOHCTaHTa CKOPOCTM XMMUYECKOW peak-
umn, M*/(kmonbc); D, - Ko3hduumneHT anddysum
CO, B pacTBope wWeNoumn, M’/c; ¢ - CpeaHas KoH-
LLeHTpaLLMS LLeNoYM B pacTBOpeE, KMOb/M>,
KoHCTaHTa CKOpOCTM XMMuyeckoi peakuum k?
onpesenseTcs no CenyoLiMM 3aBUCUMOCTSM:

lgk;=1Ig kzp+ 0,133 ¢, 2)

Ig kezp =134 -2850/T, (3)

roe T — cpepHsas abcontoTHas TemnepaTypa B3au-
MogaencTeyowmx cpeg, K.
CpeLHss KOHLEHTpaLMs LLEeoYM B pacTBoOpe

c=(c, +c)2, (4)

rAe ¢, v €, — KOHUEHTPALUMM LLEN0YM HA BXOAE M
BbIXOZE M3 annapaTa, KMosib/M>.

Onddy3mnoHHoe conpotusneHune razoson dasbl
HEe3HaUUTeNIbHO, MO3TOMY MOXHO MPUHATb 06BEM-
Hbl KO3 dUMLMEHT MaccooTaaum B xuakon dase
npu xemocopbumu B, paBHbIM 06bEMHOMY KO3(-
duupmeHTy Macconeperoca k,. Toraa

M
Vancl ’

By = ()

rae M - konudecteo CO,, NOrnoweHHoe pacTso-
POM wwenoun, kmonb/c; V- obbem paboueit kame-
pbl annapata, M*; ¢, - KoHueHTpauusa CO,, B Macce
rasa, KMosb/m>,

Konuuecrso CO,, nornoweHHoe pacTBOpOM Lie-
J104M, ONPELENsieTCst MO BblPAXKEHNIO

Gp(cﬂ o= CK)

M=—— (6)
V4

rae Gp = G, + G, — PACXOA pacTBOPA, M*/C;
2 = 2 - CTEXMOMETPUYECKNIA KOIPDULMEHT.

MpeHebperas conpoTuBneHMEM ra3oBoi (asbl,
onpenenuMm ¢, no 3akoHy leHpu:

P
L&
R, 7)
mRT
roe Pcp - cpeaHee napuuanbHoe aasneHue CO,
B cmecu, klla; m - KOHCTaHTa paBHoBecusi [3];
R = 8,21 - ra3zoBas noctosiHHas, m>kMa/(kmonb -K).
Tak kak B, = B, - @, MOXHO OnpeaenuTb yaenb-
Hyto MK® «a» (M*/M3), 0oTHeceHHyH K 06beMy anna-
pata:

i & _ Gylc,— ¢, )mRT ®)

B z)kgeD, PuVay

roe V- obbeM paboueit kKaMepsbl annapara, M.
Torpa uctuHHag MK® byaeT paBHa:

F=a-V_. 9)

an

[laHHas mMeToamka ucnonb3oBanacb Ans onpe-
nenenuns uctnHHown MK® B annapare B3[1-Y ¢ ana-
meTpoM 260 MM-npu BbicoTe pabouyei kamepbl 730
MM [4].

MpUHUMMIMANbHAY CXeMa 3KCNEepPUMEHTAsIbHOM
YyCTaHOBKM MOKa3aHa Ha pucyHke 1.

Bosayx, noctynatowmin B annapart 1, cmewmBan-
€S B 331aHHOM COOTHOLLEHUW C YINEKUCTIBIM Fa30M,
nofaBaeMbiM M3 H6annoHa 2. PactBop wenoyu u3
6aka 3 HAacCOCOM MepekayuBancsd K.-anmnapary, rae
LEeHTpOo6EeXHbIMU (POPCYHKAMM 4 pacnbIIfacs B pa-
6oueit kamepe annapata. [locne B3anMMOAENCTBUS
C ra3oM pacTBoOp CTeKan B NOALOH, OTKYAA OTKAUM-
Basncs HacocoM. [a3 ypansancs yepes BepxHUM na-
Tpybok annapara.

O6vemHas nons CO, B BO3AyXxe U3MEHSANACH OT
1,4 no 1,8 %, wenoun B pacteope - ot 1,9 no 2,7
KMonb/M3. TemnepaTypa rasa M XWOKOCTM U3Me-
psanacb nNabopaTopHbIMU TEPMOMETPAMM, PACXOA,
BO3/lyXa W YIMEKUCIIOro ra3a — MepHbIMM Wanbamu,
pacxoj, pacTtBopa — poTameTpaMu. KoHLeHTpauumo
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1 -
IKCNEPUMEHMAnbHOL yCMAaHo8KU

- -

PucyHok lpuHyunuansHas cxema

pacTBopa B 0TOOpaHHbIx Npobax onpenensnu TuT-
pOBaHWEM COJIIHOW KWUCNOTbl B MPUCYTCTBMMK e-
Hon@TanenHa u U3BbITOYHOFO KONMYECTBA X0PU-
cToro 6apwvs ANns HelTpanu3auuu coapl.

B HacTosdwen pabote muccnepoBancs npouecc
YBNAXHEHUS U oXxNaxaeHus Bospyxa. pu npo-
XOXIEHUU BO3Ayxa 4epe3 pa3bpbi3rMBaEMblii
($opcyHKamMu pacTBOp LLEeNoYn MNPOUCXOAUT < Of-
HoBpeMeHHO xemocopbuua CO,, yBnaxHeHue u
oxnaxneHue Bo3ayxa. [Mpouecc xemocopbumm nos-
BOJISIET MU3MEPUTb UCTUHHYIO [TKD, a yBnaxkHeHne u
oxNlaxaeHne Bo3ayxa — KO3QPULMEHTbI TENNO- U
MacconepeHoca. PacyeT k03 PUUMEHTOB Tenno- U
MacconepeHoca OCHOBbIBAETCS Ha UCCNef0BaHMAX
Jlblonca n Mepkens [5].

B pabote wuccnenoBanacb TennooTaada  oOT
Bo3ayxa K Boge. KoadduumeHT TennooTaaum
o (B1/(M? °C)) onpepnensncsa no popmyne:

A= Gy(dy —dy) (10)
10003600 -AK,,, - F

rae G, - o6wmit pacxop, BO3Ayxa, NOCTYNAKoWero B
annapar, Kr/y; ¢, = TEMJI0EMKOCTb CyXOro BO3Ayxa,
kx/(kr °C); £, n t, - TeMnepatypa BO3ayxa Ha BXO-
[e 1 Bbixofe 13 annaparta, °C; F - uctuHHasa MKo,

2. _ ) _
M ,Atqm' cpepHenorapudMmMyeckuin TemnepaTyp
HbIM Hanop, °C.

MNpu nccnenoBaHMM UCNapeHus Boabl Bce And-
(y3MOHHOE CONPOTMBIEHUE COCPEAOTOYEHO B ra30-
BOM dase, N03TOMy KOIDDMLUMEHT Macconepenayn
k, npumepHo paBeH KO3(GUUMEHTY MaCcCOOTAAUM
B rasosoi ase B, mM/c
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_ 0,278G3(i;—1y)
= Fhigp, '

(11)

rae d, v d, - BnarocogepxaHue KOHEYHOrO M Ha-
YanbHOro COCTOSIHUS BO3AyXa, I/KT; AHcp.ﬂ. - cpen-
He orapudMUYecKnin Hanop KOHLEHTpauui Boas-
HOro napa,Kkr/m>,

KoadpduumeHt MOSIHOro TennoobmeHa
o0, Bt/[mM*(kLx/kr)] onpenensetcs no dopmyne

= 0,27863(i1—i2)’ 12)
Filepa,

rae i, v i,~ 3HTalbNMA Ha4YaNbHOTO M KOHEYHOrO

COCTOSAHMSA BO3AYXa, KIXK/Kr; Al icp.ﬂ‘ - cpegHe nora-

prdMUYECKUA HaNop IHTANbMUM, KIX/KT.

MNpu npoBeaeHMM 3kcnepuMeHTa Bbinun Bbibpa-
Hbl TpM MNapaMeTpa, XapaKTepU3YHLME PEXUM
paboTbl annapata B3[1-Y: koadduumeHT opole-
Hua B = Gp/ G ,, MaccoBas CKOpOCTb BO3AyXa B
MOMepeYyHOM CeYEHMM annapaTa vUp M OTHOLUEHUE
pacxofoB BO34yXa € = G2/ G, (G, - pacxon BO3-
[yxa, NOCTynawLllero B annapat yepe3 BepXHUM
BBOL).

Pe3ynbTathl 3KCMepMMEHTaNbHbIX UCCNeaoBa-
HMM NMOoKa3aHbl B Tabnuuax 1 m 2.

AHanus  MoNyyeHHbIX  3KCMEPUMEHTANbHbIX
[OaHHbIX MOKa3bIBaET, YTO UCTMHHas MNK® Bospac-
TaeT C yBenuyeHuem Kod3GbUUMEHTA OpoLIEHUS
B, maccoBoii cKopocTh BO3ayxa vp M KO3IQdULM-
eHTa &. [lpuuemM BnMsgHUE GakTopa € Ha MOpPSLOK
HUXe, YeM B 1 vp. 3TO NOMHOCTbIO Cornacyercs ¢
pe3ynbTaTaMu paHee BbINOJHEHHbIX WCCeLoBa-
HWI, NMOKa3aBWmX, Y10, 3QPEKTMBHOCTL NnpoLecca
TENJ0BNAKHOCTHOM 06paboTkM BO3ayxa BO3pacTa-
€T C yBe/IMYeHMEeM YKa3aHHbIX NapameTpoB. B ceoto
oyepenp, yBenuuyeHve koddpduuueHtoB a, f 1 o
MPOUCXOAMNT NPU YMEHbLUEHUU 3HAYEHW B, vp 1 €.

B pe3ynbrate BbiNOAHEHHOM paboTbl-ObiNo yCTa-
HOBJNIEHO, YTO MPUMEHEHUE XUMWYECKOFO MeToAa
nossonset onpenenstb UCTUHHY MK® U ko3dh-
duUUMEeHTbl Tenno- U MaccoobMeHa B PasfiUYHbIX
KOHTaKTHbIX annapaTax, B YaCTHOCTM B annapaTax
dopcyHouHoro Tuna. [lonyyeHHble pe3ynbTaThbl
[LA0T BO3MOXHOCTb OCYLLECTBUTb OoNiee TOYHbIN
pacyeT MpoLEeccoB TeMNI0BAAKHOCTHON 06paboTku
BO3/[yXa B YBNAXHUTENE CO BCTPEYHbIMU 3aKPYYEH-
HbIMM NOTOKAMMU.



Tabnuua 1 - Mapamempel pabomsl annapama B3[1-Y

uecce abcopbummn CO2 pacTBopamu Wwesiovei Ha
cuTyaTbix Tapenkax / A. U. Pogmonos, B. E. Co-
POKWH // XypH. npukn. xum. - 1970. - N2 11
- C.87-91.

. Tennio- 1 MacconepeHoC B 3aKpy4eHHOM raso-

XupkoctHom cnoe / A. . bypaykos [v ap.] //
XypH. npukn. Mex. u TexH. dus. - Cnbupckoe
otoenenne AH CCCP: Hayka. - 1981.- N2 6
- C.52-55.

N2 n/n B, kr/kr vp, Kr/(Mc) G, Kkr/u € GP, Kr/u
1 0,6 5,24 1000 0,6 600
2 0,6 6,2 1180 0,4 708
3 1,2 5,24 1000 0,4 1200
4 1,2 6,2 1180 0,6 1416
5 0,6 5,24 1000 0,4 600
6 0,6 6,2 1180 0,6 708
7 1,2 5,24 1000 0,6 1200
. 8 1,2 6,2 1180 0,4 1416 p
Tabnuya 2 - IkcnepuMeHmansHole 0aHHble no onpedeneHuro [NKO
Ne | M 107, c, C, c, . D, 107, 2 s
n/n| KMonb/c | KMonb/M? { KMOAb/M? | KMONb/M3 T.K m PpyKllal x,c m2/c, @, M*/m
1 0,179 2,66 2,54 2,60 298,1 2,29 1,7 15268 1,96 96,04
2 0,202 2,38 2,25 2,32 291,8 1,80 1,6 8748 1,76 149,2
3 0,188 2,00 1,82 191 298,8 1,96 1,8 13062 2,00 292,4
4 0,188 2,61 2,44 2,53 293,2 2,00 1,4 10371 1,81 4318
5 0,184 2,13 2,02 2,07 297,0 1,96 1,7 11940 1,94 96,03
6 0,179 2,77 2,62 2,69 2973 2,30 1,4 14307 1,96 172,4
7 0,184 2,10 1,91 2,00 297,7 1,96 1,7 12436 1,97 328,3
L8 0,202 2,49 2,32 2,40 292,5 1,91 1,6 9526 1,78 387,0)
~ ™
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