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Effect of Number Density of CCN on Competitive Growth of Cloud Droplet
by Condensation of Atmospheric Water Vapor

ZOEE PR - OB
Sadataka SHIBA, Yushi HIRATA and Shunsaku YAGI

ABSTRACT: Cloud droplets grow on cloud condensation nuclei (CCN) with condensing the ambient water vapor in
the atmospheric air parcel. The size of the cloud droplet in the equilibrium state is estimated usually Kohler Equation.
However, Kohler Equation is based on the assumption that the cloud droplet grows in an infinitely large reservoir of
water vapor at constant pressure, i.e., at constant saturation ratio. This assumption causes some erroneous results in the
estimation of real size in the air parcel, although the assumption makes the calculation easy. There are two apparent
deficiencies in Kohler Equation. One is that the equilibrium size cannot be decided in case of the larger saturation ratio
than the critical ratio. The other is that the variation of the size with the number density of CCN, in other words the
competitive growth, cannot be considered in the estimation of the size. In order to improve these deficiencies, the
conventional Kohler Equation has been modified using the mass conservation of the water contained in the air parcel.

KEYWORDS: acid rain, cloud droplet, competitive growth, condensation, rainout of gaseous pollutant
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120 OE VBRI IR TR A ERN B D, W5 T, TOEXTIIKIIAER LIS, LML, Bk
REHNTHET UL, ARKEOTERIIKARLD HD EFERIEE DEE K0 BIRVEEIR (3 2 WITFAIR)
KARKEDSZATO rREL 0%, BMEGR) 23 UKE LOVHEKASUTIR, FUKOKE L OEHKA
SUIEED BEKL/25 ( Raoult DVEHI : Atkins, 1982 ) M5 TH D, —H, NIRRT S S IEE%
SUKHER L OKRALZELD BAFROKRKED LG NDT, K & B & ORIOKRLBEOHEE
FTHAERRED SRS ERD, AREAET 2, ZZTH COMKRKOEEEAET 238 (6
fH) LU THEE Y B A (HNY.SO, ZELD Eif7z, (HNY,SO, 1, KEHICHE S iz —RiIGHY
D NHy@ & SO & OKHBUSDFERAREND RIGHME CTREHPICLEITIFHET 5. (HNYSO,
WUKIZ R LT, REUKEKOERSEE L TRER DD TH S, Lizdio T, RAHICHHET 25 Y >
EZTAD 01 pm N5 1.0 pam OREZDRFORBINERKEZE U TERICHRDIAEN D,

2.2 BRDFHHEE

AR ORE TR ZER RS I REH DRGNS U CERIDSRE L T <JBEEWEBEIL. K&HhodH
BHTEDNELEHRICEEND KD (ERIEKERD 1T L T BERFA ST ILF 7R & 20 U
THATTEZEOHERR EEERONEICET2EHM HIED) 2. BN TN TS5 HICEL
D, BEIal—3 3 755045 ( Pruppacher and Klett, 1980 ) »  ZDZERIFREDIEE FHIEEEIZ
DWTIIBEC & 2 FEMET U7z ( Shibactal, 2000 ) . L7z2%5 T, I TIIBERIREETCIRL,
\Z L /RIRRE T OZRI R E TR D,

PR D TEI AR R Tl < BB S s, BimES & T 2ER E DR
FDORGHDOARLED T ISR T v VINEERRBICH 2 & U TEIN S, TORECHEZUL Kohler
HEREELN2HOT, BYHPOBRIHLBETHIRADOODTH D, Kohler FEERILREDRICH:
%535 ( Pruppacher and Klett, 1980 )

in{so)} =4 % M
a a
L. a= ZBRIO¥E (em) . S(0) = REKAELKOWHIOEREL (-) T RED Eq2) THAS

—164—



N, iz, EROMEIA & 4, CRBFEOYNEEDBRE CRED Egs(3). @) THZ BN,

0

s -2 ®

_2M0 ;

' RTp, @)

3wn M

s w 4

4, M p, @
122U, e(0) = RRDUHKELIE (atm) | ey, = RIDUAVKALIE (atm) . R, = HAEHK ( =

831X107 ergK* mol') . T = TRDIRE (K) . M, = KODTHE (gmol) . M, = CON OHTi

(g/mol) . m, = CCN—HDEE (g) . p, = KOBE (gam’) . v = CCN KIAIKD Han'tHoff 3K
THB, S(0)- 1DEIVNSNEER, Eq) DL In{SO)} = S0) -1 =5(0) EERWFLLTIHY
THZEMHBRDD T, Eql) 1ERADRITERINDFHNE N,

A A
s(0)= _aL - —;% for small s(0) o)

72U, s(0)= B = S(0)-1) ThD. TORICIELILBORSD Kohler HEREIFENS,
EEIEEER K TR B EEIT. RICERTH B,

U, U, Kohler FRERIIROBROKREGES T HREDERZER, Thabb, —EREOKEITE
—EAREDIREEH T HREEMEEL TCENMITND, T04, REDKZHE SRR EEET 5,
1. 38R, REHICIZZEO CON DEET BN ZD CON OfifisEE 2EE T 2 H N k20, CON %

Bk UTERIDRE T ARICBHEVIREGT OHELEBENE D BIT. ERERET 5,
2. fEFOLEDY Kohler AR ETHEFYEL D KEL B &, EROTVHERERISRD N0, EYH2TIAT
DEITHUT, AKBRKENSVWO TEFRICHEE LRt T2 G L T0Wa0Y,  ZHUIRER TR,

2.3 FILWEHKETFINOBHIIT

AR Kohler OB T HRAEEEL T, BROVHPEEE RO DH UWERET L2 A
VTHHEERAAZ,  Kohler FENICESNARASHEOHAMLITER T A0 EEZ 5ND, KREH
TOZEGEL (airparcel ) 1CBT 2KELKDIHAERIZARTH D ENIBRLD, £T| BEHICBIT 2K
I D ERIRFRIE T VOB & L THEICIA 52 & & Uk,

ZEEHOAKG TIRDB, BRI KRR T 2EBEREFRIL D, it & U TrES 2,

m(t) +m(t) =m(0) ©)

m, = p (V. () Y]
=L, t= B osec ) v omy(f) Em, () = TREN. BRIEKEKDER (g) . p,(t) = K&
KDEE (glo’) « V(1) =—EPFEOESHT OKELZDHEHE (') THD. T(t)=T(0) ERE
UT, ARERKITERERAORESERZE TS, ARLKOBEILARTHA 515,

e(t)M

~ T OTOR @
12120, x,(t) = BRITORBLIDENSER ( =V, (0)/ V(t)) « V(t) = CCN —HH47=0DDZELEL 0K
RLEZELEDEEH) OUFE (o) 5. LIz T, N & CCN OFEEET D&, 28RO
EIV(0) =1/ N 735,

—F, RGUKELKOEFIIL, 5, 101 BEID/NSWEENZNOT, 28T O/KREER

—165—



TEGOITEIT N TIERIMEL, KELEBKOEFHEIVEINTFELZOTIENCEL L. AP L
FRCIZEAEZL U, Uiahi> T SURORTEIVENIAIIMREED S SE#IREEE T L2 b D
ELT, Egs(6)~(8) %& Eq(l) IKRATHIEAA 2SS,

1n{S(0)r1 _ARTO) s ]} A4 4 ©
3M e(0) a a

AT CONDEEZEN =0 EBTIEL 7RO Kohler FRENITFFE T2, EIOBEAIEROFDOEIH
NERI DRI K DZELEH DKARLDIBNTHIE L TOBD . BRI OBEMWREE NIRRT 2 HDTH 5,

3 HEZalb—ay

Eq9) ZXELHBERETHHLWETIVERWT, THERIIKIFET CCN OEREE OSBRI UE
RIDOBEERZEHRE R EDRIEER D BIT, HTORE I 2L —a e frol HrERSED 7 I
TUZANIREDEBOTHS : (1) HPEEROHREZEL BRI Kohler HEHTS(0)=1&
BWEIGEOMETTI20E Potential Radivs ZHFEE ST %) . Newton-Raphson {5 T EEOIT M %
KB, (2) TOIPFEa ZHNT., Eq9) OLEADMHEERD D, (3) LULETRDZDDHEHINER
LTBNE FHEERT La ZRODVHERET S, L, PERLUTWRITFIUE, SR 2H
FeEE U THN, BURENSEHEERDIRT,

FHRICHWSPEMIE Taiblel ICEEDHTRT, CON OFET > B2 AOKERIATFZRITT A
NSEEEST HOT van'tHoff fR3X v 133 &72%, £/2. CON OAERERIT 01 um TH 3,

Table 1. Values of Physical Properties at 0 °C

Rl RB g €sat ﬂw ‘ps MW Ms 14 T(O>
82.0 831x10" | 75.67 6.108 1.001 | 1.769 18 132 | 3 273.15
atm cmS/(mol K) erg/(molK) | dyn/em mb g/em® | g/em®  g/mol  g/mol | — K
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Figure 1. Relationships between Equilibrium Figure 2. Relationships between Equilibrium
Radius and Saturation Ratio [Eq.(1)]. Radius and Saturation Ratio [Eq.(9)].
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Figure 3. Relationships between Equilibrium Figure 4. Relationships between Equilibrium
Radius and Saturation Ratio [Eq.(9)]. Radius and Supersaturation Ratio.
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