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OUUMEHTBI TETT/IOMACCOOBMEHA

B cmameoe npedcmasneHsl pesysbmamsl uccie-
008aHUL NO BbISIBNIEHUIO B803MOXHOCMU UCNOJ/b630-
8aHUS XUMUYeckoeo memoda 0nsi onpedeneHus Uc-
MuHHOU nogepxHoCmMu KoHmakma ¢as 8 annapame
OpCyHOUH020 MUNA - y8IMKHUMeNe co 8CmMpey-
HbIMU 3aKpy4eHHbiMU nomokamu. CyujHocmes memo-
0a 3akmoyaemcs 8 onpedeneHuu Xapakmepucmuk
MacconepeHoca npu abcopbyuu, conpogoxdaemoli
Xumuyeckol peakyued, U ycmaHosaeHuu ces3u 3mux
Xapakmepucmuk ¢ KUHEMUKOU npomekarou,eli Xumu-
yeckoli peakyuu. YcmaHoe/neHo, 4mo nosepxHoCmes
KOHmMakma a3z nponopuyuoHaIbHa 2u0poouUHamu-
yeckuM ycmosusM pabomel — Ko3g@uuueHmy opo-
weHus u maccosoli ckopocmu 8030yxa. [losnyyeHHsbie
OaHHbIe NOKA3a/au, 4Ymo NpuUMeHeHUe XUMUYecKo20
Memooda no3gosnsem o0npedensmes UCMUHHY No-
8EpPXHOCMb KOHMAKmMa ¢as 8 menoMaccooOMeHHbIX
annapamax.

TennomaccoobMeHHble NPOLECChl WMPOKO pac-
NPOCTPaHEHbl B PAa3fIMYHbIX OTPACASAX NPOMbILL-
neHHoctn. [lng npoBefeHusi TakMX NpoLEeccoB
ucrnonb3yeTcs OoNbliOe KOAMYEeCTBO arnnapaTos,
XapaKTepu3yloleecs 3HauYUTeNbHbIM pa3Hoobpa-
3MeM KOHCTPYKUMI M ycnoBui paboTbl. OgHMM n3
BaXKHeMLWMX (HakTopoB, onpepenswowmx sdpdek-
TUBHOCTb TEMJIOMAcCOOOMEHHbIX annapaTtos, §B-
NSETCa NoBepXHOCTb KOHTakTa da3 (MK®d) mexay
rasoM M XuOKoCTbio. [Tpexae BCero 3To 0THOCUTCA
K KOHTaKTHbIM annapartaM Ans Terna0BAaXHOCTHON
06paboTKM B NMPOMBbILLIEHHbIX YCTAHOBKAX KOHAM-
LMOHMpOBaHMs Bo3ayxa. OCHOBHAs CIOXXHOCTb Npu
pacyeTax KO3QPUUMEHTOB NepeHoca B HUX CBA3a-
Ha C onpeaeneHneM OenCTBUTENIbHOM MOBEPXHOCTH
B3aMMOLENCTBMS BO34yxa M BoAbl. [Mo3Tomy npu
06paboTke 3KCNepUMEHTAsbHbIX AAHHbIX 0ObIMHO
npuMeHsoT ycnoBHyto MK®, paBHyto nnowaan no-
nepeyYyHoro ceyeHuns nnn obbemy kKamepbl annapara,

142 XUMUYECKASA TEXHONIOTUA WU 3KONOTUA

YOK 544:697.94

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.

cynTas ee BEeNUYMHOM MOCTOSIHHOW. 1o npuHsATOM
MK® BbluMCNAOTCS YCI0BHbIE CpeaHue Ko3hduLm-
€HTbl MepeHoca Tenna u Bnaru. B pencreutenbHo-
CTU BEMYMHA MeX()aA3HOM MOBEPXHOCTU 3aBUCUT
OT MHOIMX KOHCTPYKTUBHbIX U PEXXMMHbIX NapameT-
pOB annapaTa 1 U3MEHNETCS B LUIMPOKMX Npeaenax.

B paHHoM pabote OGblna npeanpuHATa MOMbIT-
Ka 3KcnepumeHTanbHoro onpepenexdust [MKO B
YBNAXXHUTENE CO BCTPEYHbIMU 3aKPYYEHHbIMU MO-
Tokamm (B3l1-Y) c nOMOLLbIO XMMUYECKOro MeToaa,
KOTOPbIM MCMONb30BaANCA B NEHHO-6APOOTAXKHBIX U
BMXPEBbIX ra30XMAKOCTHbIX annapatax [1, 2]. 3tot
MeTof, NO3BONISET ONpeaensTb nHTerpanbHyto MKO
HEe3aBMCUMO OT CTPYKTYpbl ABYX(A3HOro noToka.
CywHoCTb MeToAa 3ak/oyaeTcs B OnpenenieHum
XapaKTepuUCTUK MacconepeHoca npu abcopbumu,
COMpPOBOXAAEMOMN XMMMYECKOM peakuuen (xe-
Mocopbument), U YCTAaHOBNEHUMU CBSA3M ITUX Xapak-
TEPUCTUK C KUHETUKOW NPOTEKAOLWEN XMMUYECKON



peakumu. Jns 3ToM uenm ncnonb3oBanacb peakums
nornowennsa CO, n3 CMecH C BO3LYXOM BOAHbIM
pactBopoM NaOH.

YkazaHHas peakuums npoTeKkaeT no «ncesaonep-
BOMY» nopaaky. B aTom cnyyae UCTUHHBIN KO3PDU-
UMEHT MaccooTAauM B Xuakon dase B (M/c) npu
XemMocopbuun He 3aBUCUT OT TMAPOLMHAMUKM COS
M MOMHOCTbI0 OMpeaenseTcs CKOpPOCTb0 XUMUYe-
CKOM peakuum.

B = v k,D,C, 1)

rae k, — KOHCTaHTa CKOPOCTM XMMMUYECKOW peak-
umn, M*/(kmonb-c); D, - KoahduumeHt anddysmnm
CO, B pacTBope LWeno4un, M*/c; ¢ - CpenHas KOH-
LLleHTpaLMs LWenoym B pacTBope, KMoNb/M>.
KoHcTaHTa CKOpOCTM XMMMYecKoi peakummn k?

onpenenaerca no cnenyrwmm 3aBUCUMOCTAM!

lgky=1Ig k;p+ 0,133 ¢, )

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

roe T - cpenHsas abcontoTHas TemMnepaTypa B3au-
MofencTBytolmx cpeg, K.
CpenHss KOHLEHTpaums LWenouun B pacTBope

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

A€ ¢, M €, — KOHUEHTPALMUK LLEouu Ha BXOAE U
BbIXOLE M3 annapara, KMonb/M>.

Onddy3moHHoe conpoTusieHue razoBomn Gasbl
He3HaYMTeNbHO, NO3TOMY MOXHO MPUHSATL 06bEM-
HbIM KO3 MLUMEHT MaccooTaaum B Xuakon dase
npu xemocopbumn B paBHbIM 0BGbEMHOMY KO3(-
dunumneHTy MacconepeHoca k. Toraa

M
Vuncl '

By, = ®)

rae M - konnuectso CO,, NOIOWEHHOE PaCTBO-
POM Leno4u, kMonb/c; V- 0bbem pabouei kame-
pbl annaparta, M*; ¢, - koHueHTpauuna CO,, B Macce
rasa, KMosb/M>.

Konuuecrso CO,, noroweHHoe pacTBOpOM Lue-
N04u, onpenenseTcs no BbIpaXeHMIo

M:M, ©6)
VA

rae Gp = G, + G,,n — PACXOA pacTBOpa, M*/C;
2 =2 - CTeXMOMETPUYECKNI KOIDPULMEHT.

MNpeHebperas conpoTMBAEHWEM Fa30BoW (asbl,
onpenenum ¢, no 3akoHy feHpu:

Pcp
L 7
B 7)

roe Pcp - cpeaHee napumansbHoe aasnexue CO,
B cmecu, klla; m - kOHCTaHTa paBHoBecusi [3];
R = 8,21 - rasoBas noctosiHHasl, M>-kMa/(kmMonb -K).

Tak kak B, = B, - @, MOXHO OMpeAenuTb yaesb-
Hyto [TKD «a» (M?/M?), OTHECEHHYIO K 06bEMY anna-
paTa:

B ﬁ _ Gyle,— ¢ )mRT ®)

B 2.)igeb, PpVe

roe V- obbem paboueit KaMepsbl annapara, M.
Torpa nctnHHas MK® 6yaeT paBHa:

F=a-V, . 9)

an

[laHHas MeToAMKa Mcnonb3oBanacb 4fs onpe-
nenennsa uctuHHor NMK® B annapate B3I1-Y ¢ ana-
meTpom 260 MM npw BbicoTe pabouelt kamepbl 730
MM [4].

MpUHUMNMANbHAs8 CxXemMa 3KCNepUMeHTaNnbHOM
YCTAHOBKM MOKa3aHa Ha pucyHke 1.

Bo3ayx, noctynatowmin B annapar 1, cmewmsan-
€S B 33,@HHOM COOTHOLLEHWUM C YINEKUC/IbIM Fa30M,
nogaesaembiM M3 BannoHa 2. PactBop wenoum u3
H6aka 3 HacocoM nepekaumBancsg K annapary, rae
LLeHTpobexXHbIMU OopCyHKaMu 4 pacnblisncs B pa-
6ouein kamepe annaparta. [locne B3anmonencrams
C ra3oM pacTBOp CTeKan B NMOAAOH, OTKYAA OTKAYM-
Basics HacocoM. [a3 ynanancs yepes BepxXHUI na-
Tpybok annapara.

O6bemHas nona CO, B BO3ayxe U3MeHsNach OT
1,4 no 1,8 %, wenoun B pacteope - ot 1,9 no 2,7
KMonb/M3. TeMnepaTypa rasa M >XMOKOCTU U3Me-
psanacb NabopaTopHbIMM TEPMOMETPAMM, PACXOA
BO34yXa M YINIEKMCIOrO rasa — MepHbIMU Wanbamu,
pacxof pactsopa — potameTpamu. KoHUeHTpauuio
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1 -
3KCI7€pUM€HmG/7bHOl:I ycmaHoseku

PucyHok lpuryunuaneHas cxema

pacTBopa B 0TOOpaHHbIX Npobax onpenensnu TuT-
pPOBaHWEM CONSIHOM KUCNOTbl B MPUCYTCTBUM (e-
HondTanenHa u M3BbbITOYHOTO KOAMYECTBA XI0pU-
cToro 6apusa ong HemTpanu3aumm coapl.

B Hactoswer pabote uccnepgoBancs npouecc
YBNAXHEHUS U OXNax[eHus Bo3gyxa. [lpu npo-
XOXAEHUM BO3Oyxa 4epe3 pa3bpbi3rMBaembii
GOpCyHKaMM pacTBOp LLEN0YM MPOUCXOLUT Of-
HoBpeMeHHO xeMocopbuma CO,, yBnaxHeHue
oxnaxpgeHue Bosayxa. [pouecc xemocopbumm nos-
BOJISIET U3MEPUTb UCTUHHYIO [TKD, a yBnaxkHeHWe U
oxnaxaeHne Bo3ayxa — KO3QPUUMEHTbI TEMNO- U
MacconepeHoca. PacyeTt ko3dPUuUMEHTOB Tenso- u
MacconepeHoca OCHOBBIBAETCS HAa MCCNef0BaHUAX
INbtonca n Mepkens [5].

B pabore wuccnepoBanacb Tennootgava or
Bo3ayxa K Boge. KoadhduumeHT Tennootaaum
o (B1/(M? °C)) onpepnensnca no dopmyne:

= moot-;;gilzoiz;}) F (10)
p.

rae G, - obwmit pacxon BO3Ayxa, NOCTYNaKLLEro B
annapar, Kr/4; ¢, — TernoeMkocTb Cyxoro BO3ayXxa,
kIk/(kr°C); t, n t, - TeMnepatypa BO3Ayxa Ha BXO-
e v Bbixofe u3 annapata, °C; F — uctunHas MK®,

2. —- A -
M% At - cpefiHenorapudMmuieckuii TeMneparyp
HbI1 Hanop, °C.

MNpu nccnenoBaHUKM McnapeHus Boabl BCe and-
(y3MOHHOE CONpOTMBAEHUE COCPEAOTOUEHO B ra3o-
BOM dase, noaToMy KoahdULUMEHT Macconepenaym
k, npuMepHo paBeH KO3(GOUUMEHTY MaCCOOTAAUM
B rasosoi daze B, M/c
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_ 0,278G3(iy—iy)
T Bl ’

(11)

rae d, v d, - BnarocofepxaHune KOHeYHOro 1 Ha-
YanbHOro COCTOSIHUS BO3AyXa, I/KT; AICWL - cpen-
He norapudMMyecKuin Hanop KOHLEHTpaLmMi BOAS-
HOro napa,Kkr/m>.

KoadpdumumeHt NOHOro TennoobmeHa
o, Bt/[MY(k[x/kr)] onpenensetcs no ¢opmyne

0,278G3 (i1 —12)

=g s (12)
Flicpa

rae i, U i,~ 3HTalbNMUA Ha4YaNbHOMO M KOHEYHOro

COCTOSHMS BO34YXa, KIK/Kr; Ai icp.ﬂ_ - cpefHe nora-

PUPMUYECKMI HAaNop 3HTaNbMuM, KIK/K.

Mpu npoBeaeHMM 3KCnepMMeHTa OblIM BblIOpa-
Hbl TPpU MNapaMeTpa, XapaKTepU3YHLLME PEXUM
pabotbl annapata B3[1-Y: koadduumeHT opowe-
Hus B = Gp/ G ,, MaccoBas CKOpOCTb BO3AyXa B
MOMepeYyHoOM CeYeHMM annapata vp M OTHOLUEHME
pacxonoB Bosayxa € = G,/ G, (G, - pacxop BO3-
[yxa, MOCTynawowiero B annapat 4yepe3 BepXHWM
BBOL).

Pe3ynbTathl 3KCNepUMEHTanbHbIX WCCefoBa-
HUIA NoKasaHbl B Tabnmuax 1 u 2.

AHanu3  MOMYYEeHHbIX  3KCMEPUMEHTANbHbIX
[aHHbIX MOKa3bIBaET, YTO UCTMHHas K® Bo3pac-
TaeT C yBenMyeHueM Ko3dPUUMEHTa OpoLLEHUS
B, maccoBoi ckopoCTM Bo3ayxa vUp U KOIDDULM-
eHTa &. [lpuueM BIMsSHWE (akTopa € Ha NOPSLOK
HUXe, YeM B 1 vp. 3T0 nonHoCTbIO cornacyercs ¢
pe3ynbTaTaMu paHee BbIMOJHEHHbIX MCCNenoBa-
HWIA, NMOKasaBWwmx, 4To 3D(EKTUBHOCTL NpoLecca
Ten0BNAKHOCTHOM 06paboTkM BO3ayXa BO3pacTa-
€T C yBe/IM4yeHMeM yKa3aHHbIX NapameTpos. B csoto
oyepenpb, yBenuyeHune Ko3hDPUUMEHTOB a, B U O
MPOMCXOAMT NPU YMEHbLUEHUN 3HaueHn B, vp u e.

B pe3ynbTaTte BbINOAHEHHOM paboTbl 66110 yCTa-
HOBNEHO, YTO MPUMEHEHME XMMUYECKOro MeToAa
nosgonsier onpenenatb UCTUHHYKO KO un ko3d-
dUUMEHTbl Tenno- U MaccoobMeHa B Pas3fIMYHbIX
KOHTaKTHbIX annapaTax, B YaCTHOCTM B annapaTax
dopcyHouHoro Tuna. [lonyyeHHble pe3ynbrathl
[Lal0T BO3MOXHOCTb OCYLLECTBUTb Bonee TOYHbIN
pacyeT NpoLeccoB TeMNOBAAXHOCTHOM 06paboTku
BO3/yXa B YBNAXHWUTENE CO BCTPEYHbIMU 3aKpyYeH-
HbIMU NOTOKAMM.



Tabnuua 1 - Mapamemper pabomsl annapama B3[1-Y

Nen/n B, kr/kr vp, Kr/(mc) G, Kkr/u € G, 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 )

Tabnuya 2 - SkcnepumMeHmanbHbie 0aHHbie no onpedeneHuro [IKD

Ne | M 1073, c, C. c, . | D 107, s
n/n| kMmonb/c | KMonb/M3 | KMOnb/M? | KMONb/M? T.K m Ppxal x,c m?/c, a, 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 1,91 298.,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 1,81 431,8
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 2977 1,96 1,7 12436 1,97 328,3
k8 0,202 2,49 2,32 2,40 292,5 191 1,6 9526 1,78 387,0J
~ ~
CMNCOK NCIMONMb30BAHHbBIX REFERENCES
MCTOYHMKOB
1. K pacuety noBepxHOCTM KOHTakTa (a3 B Mpo- 1. Rodionov, A. I., Sorokin, V. E. (1970), On the
uecce abcopbuumn CO2 pacTBopamu wenoyew Ha calculation of surface contact between the
cutyatbix Tapenkax / A. W. PogmoHos, B. E. Co- phases in the process of CO2 absorption alkalis
POKWH // XKypH. npukn.xum.—- 1970. - N2 11 on sieve trays [K raschetu poverkhnosti kontakta
- C.87-91. faz v processe absorbcii CO2 rastvorami
schelochei na sitchatych tarelkakh], Gurn. prikl.
2. Tenno- 1 MacconepeHoC B 3aKpPy4YeHHOM ra3o- khim.T 43 N2 11, pp. 2461-2465.
XupkoctHom cnoe / A. Tl. bypaykos [u ap.] //
XypH. npukn. mex. n TexH. pus. - Cubmupckoe 2. Burdukov, A. P. (1981), Heat and mass transfer in
otnenenne AH CCCP: Hayka. - 1981.- N2 6 swirling gas-liquid laye [Teplo- i massoperenos
- (. 52-55. v zakruchennom gazogidkostnom sloe], Gurn.
prikl. mekh. i tekhn. fiz. - Sibirskoe otdelenie AN
\_ _J

XUMUYECKAS TEXHONIOMMA U 3KON0rng 145




3. Pamm B. M. Abcopbums rasos / B. M. Pamm. -
Mockga : Xumus. 1976. - 655 c.

4. Omenbuyk B. C. DkcnepuMeHTanbHoe wccneno-
BaHME MONYNPOMbILUNEHHOIO YBIAXHUTENS CO

BCTPEYHbIMU 3aKPYYEHHbIMKU MNMOTOKaMU / B. C.

Omenbuyk, M. A. TumoHoB // lMNoBbiweHne apdek-
TUBHOCTM TENI0MacCOOMEHHBIX U TMAPOAMHAMM-
4eckMX NPOLEeCCcoB B TEKCTUIbHOM NMPOMBILL/IEH-
HOCTM M NPOM3BOACTBE XMMMUUYECKUX BOJIOKOH :

MeXBY3. COOpPHMK HayuyH. TpysoB / MTU um. A.H.

KocbirnHa. - Mocksa, 1985.- C. 116-118.

5. KokopuH O. §. YcTaHOBKM KOHAMLMOHUPOBAHUS
Bo3gyxa / O. 4. KokopuH. — MockBa: MawwuHo-
cTpoenme. 1971.- 262 c.

Cmames nocmynuna e pedakyur 10.03.2014 2.

146 XUMUYECKASA TEXHONIOTUA WU 3KONOTUA

SSSR: Nauka N2 6, pp 68-72.

.Ramm, V.M. (1976), Absorption of gases

[Absorbciya gazov]. Moskva: Khimiya, 655 pages.

.Omelchuk, VS., Timonov, LA, (1985),

Experimental research of semi-humidifier
with counter swirling flows [Eksperimentalnoe
issledovanie polupromyshlennogo uvlagnitelya
so vstrechnymi zakruchennymi potokami] //
Povyshenie effektivnosti teplomassoobmennykh
i gidrodinamicheskikh processov v tekstilnoi
promyshlennosti i proizvodstve khimicheskikh
volokon: megvuz. Sbornik nauchnykh. trudov /
MTI im. A.N. Kosygina. - Moskva, pp. 116-118.

.Kokorin, O. Y. (1971), Installation of air

conditioning [Ustanovki kondicionirovaniya
vozdukha]. Moskva: Mashinostrojeniye,
262 pages.



