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Ky3bmun M.K.
MockoBckusi rocyapcTBeHHbIV 06/1aCTHON YHUBEPCUTET

AHAIN3 ©OPMYN ANA BbIYECMEHA BPEMEHI MOMHOMO NCMNAPEHWA
OOWHO4YHBIX KATESb BOAbI

AHHOTaUMA: Hai[eHb! GDOPMYIIbl TS BbIYUCTICHUS BPEMEHN MOIHOMO MCNAPeHNUs a3p030bHbIX
Kanenab WHTErPUPOBAHUEM  YPABHEHWI, MOMYYEHHbIX M0  HAYa/bHOMY W KOHEYHOMY
NPEAeNbHbIM 3HAYEHNAM CKOPOCTM W3MEHEHUS paguyca aspo3osbHod Karmu. [lposegeH
YUCTIEHHBIA aHaN3 3TnX HOPMysT PACCMOTDEHUEM NPOLECCA HECTAUNOHAPHOTO UCHAPEHUS
OAVHOYHBIX Kanesib BOAbl B BO3AYLIHYIO CPpedy. VYkasaHbl BO3MOXHOCTA YrpOLLEHNS
HavileHHbIX GhOPMYN B 3aBUCUMOCTY OT HAYalIbHbIX PA3MEPOB NCNAPAIOLLNXCA Kanesb BOb.
KntoyeBbie cioBa: HeCTALMOHAaPHbIV MPOLIECC CTapeHNs, a3p030/IbHbIE Kan, BDEMS MOJIHOMO
UCMapeHna, OANHOYHBIE Karu BOgb!.

M. Kuzmin
Moscow State Regional University (Moscow, Russia)

ANALYSIS OF THE FORMULAS FOR CALCULATING THE TIME
OF COMPLETE EVAPORATION OF SINGLE DROPLETS OF WATER

Abstract. Formulas for calculating the time of complete evaporation of aerosol droplets by
integrating the equations obtained for the initial and final limits the rate of change of the radius
of the aerosol droplets. The numerical analysis of these formulas by considering the process of
unsteady evaporation of single droplets of water into the air. Lists features found simplify
formulas depending on the initial size of the evaporating water droplets.

Key words: nonstationary evaporation process, aerosol droplets, the time for complete
evaporation, single droplets of water.

B crarpe [l] paccMaTpuBamach MOJeNb HeCTAIMOHAPHOTO IIpoliecca
VICTIapeHM S A9PO30/IbHOM KAIlIV € YI€TOM CIeAYIOIUX (PaKTOPOB: TEIIOTHI (ha30BOTO
Iepexojia BellecTBA KaiuM, KO3(p@UIVMEHTOB NCHApeHMs ¥ MOBEPXHOCTHOTO
HaTSDKeHMS.

XapaxkTepuCTUKON pacCMaTpUBAEMOrO Ipoljecca MOXKeT CIY>XKUTb CKOPOCTb
HEeCTallIOHAPHOTO M3MEHEHMSA pajmMyca KaluiM. B yIOMAHYTO CTaTbe IOIyYeHO

crenyrouiee BbIpayKeHme 419 CKOpOCT! UBMEHEHNA pagnyca Kallin
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BaxHO MOZ4YepKHYTb, 4YTO B 370N (opmyne (1) mepemeHHass [ — BpeMs

MO>XXET MPUHMMATD 3Ha4eHus 0T 0 0 + oo, TO ecTb 3Ta HOpMy/Ia CIpaBeInBa s
BCEX 3HAYEHUIT BPEMEHL.

Otmerum, uyto cumBonoM (0)B ¢opmyne (1) oTrmeuen akr yuera
[OBEPXHOCTHOTO HATSDKEHMSI IIOBEPXHOCTM Kamwm. Yder artoro ¢daxropa
npuobperaer ocoboe 3HadeHNMe C yMeHbLIEHMeM papmyca (W TO Xe camoe C
yBEeMYEHNEM KPUBU3HBI MMOBEPXHOCTN) ChHEPUUECKOil KA. YKaKeM U Jpyrue
[PUHATHIE B CTaTbe 0003HAYEHNS:

R =R DL o5, 1y~ expinrente( )

goﬁj - &

Cp) =

nanee: D=nm,D,,/p,> TAe D, — Koo puumenT B3auMHOM AP Py3nr KOMIIOHEHTOB

6unapHoit cmecu; n=mn +n,; n,M U n,,m, — KOHLEHTpAaUMA U Macca
MOJIEKY/l TIEPBOTO U BTOPOTO KOMIIOHEHTOB COOTBETCTBEHHO, O, — IIOTHOCTDb
[apora3oBoil cMecy; d — KO3 UIMEHT TeMIepaTypoIpOBOAHOCTY OMHAPHOI

cMecn. B dpopmyny (1) Takxke BXOAAT: g — YAenbHasA TeIsoTa Gpa3oBOro Iepexopa

BelecTBa Kanam, K — KOQ(l)(bI/ILU/IeHT TEIMJIONIPOBOAHOCTHU HapOI‘a?)OBOIZ cMeEcn, o -

K03bDULMEHT WcHapeHus, v= fk];)/zyzml — OjHa deTBepTadg CpefHeN
a6COMIOTHOI TEIIOBO CKOpOCTHI MOJIEKYII mapa, npudyeMm

T(r,t),=1, T, =T, =1, k — nocrosunas bonbumana. Kpome Toro

WCIIO/b30BaHbI 0003HAYEH IS

_ 2mo P 9™ — kT,

Tkt kL

>

B KOTOpbIE€ BXOJAT: pi_ IDIOTHOCTb B€IIECTBA Kall/in, O — K03(1)(1)I/ILU/I€HT

MOBEPXHOCTHOTO HaTSDKeHN, & =av(c, —Cy)s Ko =G0k, Vs rge

k .
e (r,t)lt:o =c, (7, t)‘Hw =Cp,, =Cg5 €,y = Cpyg [1+?’j (uepTa Ham OyxBOI

yKa3bIBaeT Ha KOHIIEHTPALMIO HACBIIIeHHBIX ApPOB BelllecTBa Karm), ¥ = Dmyng, .

7



ISSN 2072-8387 ‘ BectHuk MIOY. Cepusa: Ousmka-Matematuka { 2015 /N2 1

Haxonen, nocnegHsas rpynna 0603Ha4eHMIL:

5:gop+g1\/;+gza go:K\/D/a )
V(K' \/5+an\/;)/ Da +gO(JB+J;)/R,

g, =|:DK +avR(ic +an)]/R2,

5=go(\/l_’+ﬂl)(\/;+ﬂz)'

Hepocratkom momydeHHoi ¢opmynel (1) sABrgeTca ee TPOMO3SKOCTD A

IPOBeJeHNMs YMCIEHHBIX pacyeToB. [1039TOMY IpefCcTaB/IsgeT MHTEPeC pacCMOTpeHue
ACUMIITOTUYECKUX NpuOMDKeHnit BbIpaxkeHus (1) mpm OGONMBIIMX ¥ MasbIx
3HAYEeHUX BPEMEHU {, KOTOpble HAMHOTO IPOLIle 3TOTO BBIPaXKEH M.

[Tpeobpasyem BbIpaXkeHMe IPaBOIL YacTy paBeHCTBa (1) K BuAy

(d—RJMJ"m[ > Y )J(ﬁ Apda, J_j (ﬂ,,)} 2)

dt el DK+avR(K+KqU) \/D_, R RS

Tax xax lin(')lq)(ﬂj’t) =1, limg(f,,1)=0 , 10, 00603Ha4NB
1—> —>+0

(dRJ(G) (dRJ(U) (dRJ(J) (de(G)
lim — > lim =1 >
0\ dt 7 = dt ).

o ¢popmyre (2) momydaeM paBeHCTBA

(d_RJ(U) - 3)
dt p
(o)
(d_R] _ enm, ] Dk ’ (4)
dt P DK+0{VR(K+KqU)

IpaBble YacTV, KOTOPBIX OIPENe/II0T COOTBETCTBEHHO HAYa/JbHOE U KOHEYHOoe
(mpemenbHBIE) 3HAYEHUS CKOPOCTY M3MEHEHNS pajiyca adp0o30/IbHOI KaIlIN.

ITomyyeHHble paBeHCTBA OyfeM paccMaTpuBaTh KaK OOBIKHOBEHHbBIE
nuddepenianbable ypaBHEHNS, B KOTOPBIX PainyC KAl R = R(¢)> 3ABUCAILMIL OT
BpPEeMeHH, BBICTYIIaeT B KauecTBe MCKOMOI QyHKIUM. OTMETUM, 4TO IpaBble YacTU
oboux ypaBHeHui (3) u (4) 3aBUCAT OT YHKIMUU R(r).

[Tpounrerpupyem puddepenunanpuple ypaBHeHus (3) u (4) mpnu
BBITIO/THEHNY HA4a/IbHOTO YCTIOBUSA

R(t)|;=o =R,.
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ITony4aeM COOTBETCTBEHHO:

k bR+ k
R,—R+—ZIn|——>|=abt, )
b |bR,+k,
2_p? k k bR+ k
Ry +;(%_Ko U) R, —R+-ZIn|—-2|=a,t> ©
2 K, \ av b b |bR, +k,
rze
al:avnmlcho) a2=DKnml(cﬁ)_clo)> b=1_cé,
pi p,-KO CIA\‘O

Ky =K+K,yCy,» Ky =K+K,yC,-
U3 coornomennit (5) u (6) HaitgeM (HOPMYIBI J/I BBIYMCIEHNUS BpeMeHU
MOJTHOTO  WCHApeHMs adspO30/bHBIX Kamenb. OHM  OyAyT COOTBETCTBOBATH
ypaBHeHUAM (3) u (4), IOMTY4eHHBIM 11O HAYQTbHOMY U KOHEYHOMY (IIpefie/IbHbIM)

3HAUYeHMAM CKOPOCTU WM3MEHEHNsA pafuyca aspo3onbHON Kamm. OTpasuM 3To B

0003HAYEeHNAX:

P -

- b bR, +k,

(tn,ucn.)( ) = _RO (7)
0 avam (¢, —¢)
T p2
- ) D k k k
"o Drnmy(c, —co) | 2 av b b bR, +k,

(8)

[na anammsa nomydeHHbIX dopmyn (7), (8) 6ymeM paccMaTpyBaTh IpolLece
HectanmonapHoro ucnapenns (b>0) ogMHOYHBIX Kamenb BOAbL B BO3YIIHYIO
cpeny 50 % BIaXHOCTM NpPYM ABYX 3Ha4YeHMAX Temmepartypsl 293 K, 323 K, xorga
pasnenue cpeppl P = 0,1 MIla. ITpu 5TOM, OCHOBBIBAsCh Ha JAHHDIX, IIPUBEJECHHBIX B
kHure [2] pis koapduimenta ucapeHusi Bojpl, monaraem, 4ro o =0,034 npu T =
293 Kn «=0,026 npu T = 323 K. ][lna Bcex Apyrux ¢pU3MYECKUX BeIVYVMH
MICIIO/Ib3YeM 3HaueH) s, IpUBeJeHHbIe B CIPaBOYHMKe [3].

Qopmyna (8) TakoBa, YTO OHAa MO3BOJAET BBIYMCIATH BpeMs IIOTHOTO
VICTIapeHNUA a9PO30/IbHON KaIUIM C YY€TOM AOCTATOYHO OO/bLIOro 4mcia (pakTopos,
BIMAOMINX Ha 3TOT IIpollecC. B 4YacTHOCTM, OTMeTMM, 4TO BbIpaxeHue (7) He

comepxut koapounuenta puddysun. bymem cuurtath dopmyny (8) OCHOBHOIL.
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[Tockonbky 3Ta GopMyna He OYeHb IPOCTA /I MPOBEeJEHNA BBIYNMCICHMN, OyneM

VICKaThb BO3MOXXHOCTM €€ YIpPOLeHMsI B 3aBUCHMMOCTM OT HA4YaIbHBIX pPasMepoB
UCIIAPSIOLINXCS KaIlelb.

IIpy BBIYMC/IEHUM BpeMeHM IIOJTHOTO WCIAPeHMs HOCTATOYHO KPYITHBIX
BOJIAHBIX Kalle/lb, Hada/IbHble PaAiychl KOTOpIX R, >107°m B popmyne (8) MoxHO
OTOpAchIBaTh BBIPXEHMS, cofiepaume Kk . B arom ybexpaer Hac Tabmuia 1

UM CJIEHHBIX pE€3YyNbTAaTOB.

Tabnuua 1.
k k
T.,K %.107 % M| == In|—"2—
ayv b b |bR,+k,
107 0,0018- 107
—6 . 6
293 1,3023 0,0012 |19 0,0133+ 10
1077 0,0833+ 107
107® 0.3734- 107°
107 0,0016° 107
-6 . 6
323 | 12104 | 0,0032 |19 0,0116* 10
107 0,0739+ 107
10°* 0,3428+ 107

Takum o6pasoM, [ BBIYNUC/IEHNA BpeMeHM IIOJTHOTO JCHApeHMsA

JIOCTaTOYHO KPYIHBIX Karle/lb BOJbl, Ha4a/lbHble PAJUyChl KOTOPBIX R, >10"°m

npuemneMa popmyna

(1) =—LF Gk 1] ©)
- 2Dk av

* nm (ClsO - CIO)
H}I}'{ HO)ITBGP)KI[GHI/IH CKa3aHHOTIO HpI/IBeHeM cuie Ta6m/[uy 2 YUCJIEeHHBIX

3Ha4YeHMIT (BpeMs YKa3aHO B CEKYHTaX).
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Tabnuuya 2.
T,K 293 323
(o) 0) (o) (0)
RO ’ M (tn.ucn.) (tn.ucn.) (tn.ucn.) (tn.ucn.)
10°¢ 0,3067-107" | 0,3100-10™" | 0,1011-107" | 0,1019-107"
1075 1,0181 1,0186 0,4828 0,4830

V3 4YmcreHHBIX 3HAYEHUI TOCTeNHEN CTPOKM TaOnuibl 2 BUJHO, YTO
BBIYNMC/IEHHbIE 110 pasHbiM Qopmyram (8) u (9) 3HaueHUs] BpeMeHU IIOTHOIO

UcCIapeHnsda Karejab BOJbl IpU R0 = IO_SM OT/IMYATCA JINIIb HAa BEeCbMa MaJ/lble

BE/IMYMHBL, XOTs popMya (9) 3SHaYUUTETbHO Mpolile OCHOBHON (popMysl (8).

O6paTI/IM BHMMAaHNE Ha ClaraeMble, pacIiojIo’K€HHbIE B ITOC/IEAHUX cKobKax

Ky Ry
2Dk

nugpdysun, a Bropoe onpesenseTcs BeTMYNHON, XapaKTepu3yoleil IOTOK IepBOro

Boipaxkenus (9). [lepoe cinaraemoe , B YaCTHOCTH, 3aBUCUT OT K03 uimeHTa

KOMIIOHEHTa, OTBOJVIMBIN Yepes c10i1 KHyAceHa ¢ IOBEPXHOCTY KAIl/IN.
CooTHOLIeHNe BKIaJOB OTUX CJIaraeMbIX B oOllee BpeMsA IOTHOTO

UCIIApeHNs KAIUIM MOXKeT ObITb PasHbIM B 3aBUCHMOCTM OT HA4YaJIbHOTO pasMepa

paccmarpyBaeMoil Kaiuiy, MO0 IepBoe claraeMoe 3aBUCUT OT pajuyca Kamm, a

BTOpPOE HeT. ,H}'[}':[ OLI€EHKN 3TOr0 COOTHOLIEHUNA NPpUBENEM YMC/I€HHbIE 3HAYEHUA

. K 1
BBIPpOXEHUM y — ¢
2Dk av
) = 0,6840-10°, 0 = 1,7784-10°; (10)
2DK |1 =293k K|T=323K
1
— =0,2008, — =0,2501- (11)
V| 1=293K QV |1 =323K

Dopmyna (8) csizana popmynoii (7) cOOTHOLIEHIEM

(o) (o)
(tnltcn. )uo = (tn.ucn. )0 +

Boruncnenusa mokaspiBalOT, YTO 3HAYEHUSA BbIpa)KE€HUA

Pk, Ry
2Dxnm, (¢, —¢yy)

avik,k,
bDk

avi,k,
—%2 mnHamHOTO
Di

MEHDIIIE eIVHUIIBI:

XD,
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k k
GVl =0,00095, 2K =0,00143.
bDx |T=293K K |T7=323K
HOSTOMY MOJXHO IOJIOXXUTDb
P; KOR(?

(o) (o)
(tn.ucn. )oo i (tn.ucn. )0 +

Vicnionb3ys Beipaxkenne (7) IpUXOAVM K COOTHOLIEHNUIO

2Dixnmy (a —¢p) ‘

k k

. pl % In g |

(t )(“)z"i—R‘) 1 KRR, b b_RO+kg|.
n.ucn. J nm, (ClsO _ CIO) av 2Dk avnml (CIsO - C]O)

Yncnennole 3HaveHus (10). (11) mosBomAoT ybemuTbcAd B TOM, UTO /IS

IOCTATOYHO MEJIKMX Kallelib BOJBI, HAadajbHble PAfMyChl KOTOPBHIX R, <107 m
cnpasemmso  coorromerme %% 1 TTogromy mpm R <107 moxmo
2Dk av
IIOTIOXUTD
k k
p| R +-2In|—-2
() b bR, + k.
t ) ~ — >
n.ucn.
® avam (¢, —¢)
TO €CTh
©) @
(tn.ucn,)w z(trLMCi'L)O :
Vtak, mokasamm, YTO [N BBIYNMC/IEHUS BpPEMEHM IIOJIHOTO VCIIApeHNs

JIOCTaTOYHO MEJIKUX Kallelb BOJbI, HAaYalbHble PAJIMYChl KOTOPBIX R <107 m,
npuemnema ¢opmyna (7). IlopTBepskieHMeM CKa3saHHOMY CIyXXHUT CrefyloIas

Ta6}1]/[]_[a 3HaYeHUN BpEMEHU IIOJIHOTO MCIApe€HMA Kallelb (BpeMH YKa3aHO B

CeKyHJax).
Tabnuuya 3.
T, K 293 323
(@) (o) ) (o)
Rt | (tn)y | (twan)y | (en) | (t0n)
0 M tn.ucn. 0 tﬂJlCﬂ. 0 tn.ucn. © tn.ucn. O
107 0,2196 0,2120 0,5929 0,5514
107 107 107 107
10 0,1455 0,1449 0,3949 0,3913
107 107 107 107
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VI3 4uClIeHHBIX 3HAYEHMIl IOCTefHeN CTPOKM Tabauubl 3 BUAHO, 9UTO

BBIYNMCIEHHbIEe 110 pasHbiM Qopmyrnam (8) u (7) 3HadeHMs] BpeMeHU IIOHOI'O

UCIapeHus Kalle€/lb BOAbl IPU ]20 = IO_SM OT/INMYAKTCA JTUIIb Ha BeCbMa Majble

BE/INYVHBL.

Takum 006pasoM, BBISACHWIM, YTO IIPY BBIYVC/IEHUM BpPEMEH) IIOIHOTO
UCTIapeHN Kalle/b BOZBI B BO3AYLIHYIO cpefy (mpu Temmeparype oT 293 K no 323 K')
BMECTO OCHOBHOI ¢opmynbl (8) mas Kamenb [OCTATOYHO OO/BIINX pPa3MepoB,

Haya/lbHble PA/INyChl KOTOPBIX R, >107 u, MOXHO UCTIONMBb30BaTh Gopmyny (9), a

JULSL KaIle/ib, Haqa/IbHbIE PAJIMyChl KOTOPBIX R, <107 m, puemsema popmyna (7).
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