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Effect of Number Density of CCN on Equilibrium Radius and Temperature
of Cloud Droplet during Competitive Growth
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ABSTRACT; Usually, for the estimation of the cloud droplet size in the equilibrium state, Kohler
equation is utilized, assuming constant vapor content and constant temperature. However, the
condensational growth of the cloud droplet consumes the ambient water vapor and releases the latent heat.
Therefore, the ambient water vapor pressure and the temperature are changed. Taking account of the
variations of the water vapor content and the temperature, a new model for the estimation of the
equilibrium cloud droplet size and temperature has been developed by modifying Kohler equation. The
modification of Kohler model is based on the mass and the heat conservation laws for the water (vapor and
liquid) in the air parcel occupied by one cloud droplet. Variations of size and temperature with number
density of CCN are simulated numerically.
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BE, BNBLUERZTVDKAOHEBLIOBEMEOEBLECDNT, Bl I~y
RO EMA T, ZREEE (CCN) LTRSS —RUBRREFR-YMETH DHET VT
ZULERNGEL, REKEBRKOH 4 OFHEFLICH U T, BREEER, ERE2SDERD
HEBIVEALZRDE, HECHAELEEAETNICEBEE I ab— a3 ofRick
B &, BREREEOBBREEREZRNEEFEROLMICH U TREREZELZBIIETY, RES
XU TCIR R E LT 2YEEEZREEZ2EORERIBIFIRVWERH M E
o TR L, K&FMICANIE, BERMICNT 2 ZRIEEMKERSE OEEII/NE k0,

2 EFINEXERAER

SR DA, ERREOFEAKRIUE & RLGDKBIE L DENREKZLZ DK O
MEOHEN 720, KRINKHEBDECIOITOND, INNERARETIVOEBN 2%
ATHB, TOHE, KRIDHDHFERZERNEL 5 ITOEEARIUEZ D B2 R D ENK
ARIE (TRbEEWEMEL) NRETH 2N, REPICESENFEETIE. TR0 HEN
KARKRETDEMNAESRD. RYE (BH) 230KE LOYHAKARLTIL, MAOKE -
DPEAKARREL D BELSBRENETH D, I T, ZORICKELKERSOHEN 2T S
BREEUTHEY DEZULARZHIICERL TWD., Y >E2UARY VBT HA LHEE
HA L DRARIGDRERERENDREN B RBERYE TRIFICEZRBIHFEL. LK
E<#HET2, RAPIHEETS 0.1lum N5 1.0um OREZIOREY EZTLDRTOKRE
DINEREEREE S U TERICIRDAEND,

2.1 ERIOTEHEEE

BRI LICER I NS EROEHE LRI —RIZ Kohler FRRNCL-oTRDEN S, T
NEB N2 EEEERD. B EZDHEBRIDORE DILZERT > 2 v )V NEHEIRIBICH 5
ELTEMNNS (Pruppacher and Klett, 1980) ., BRI RE D EHARKE E KRKDKBRLIEEN
PHICHELFRETIE, ZERREOHENNES RO RENMELT S, Kohler FERXDES.
ERIIMBOKBRLKEBEREZH T H2EMATORET, KEKEBICRER -EOEFE LKET
5, EBIZRERTH 52 KEBK]EEREKE T 2D T, Kohler FERIDBHEDZZE—20H 3
WIZF OEBEENN S WES AN S TR ESD, 25 TRVESH TREEDKREN
PR AL Z BENTFHIND, BT, Kohler AL, TOBRRADOMIZ, BERMAL
FORENVEMLETIEEERNRDENIBNEF DI KRERRAEHETS (Shiba, etal, 2001)

22 FILLWHERETFIOHEAIT

AR @ Kohler EFILOAETHRAIZ. KOBEOEEBIVCAT RN F—DRELEZERT
BICLOBROBRSENTETE S, EFERTF I v IVOEHERICKDEEDRER BT X)L FE
—DREREFHETIEEZHFLNETINOZEFERIIRO=Z2DD0KDIEICEZ 55,

Hw(Pa Tsaw) =.Uv(P,T,av) (1)
My + My = Myg (2)
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pr(mwcTe _mWOIE))+va(mveTc_mv0]6)+ Cpa(macTc - maOIb)= Lc(mwe - mwO) (3)

U, LTBIUOLIEENETNHREBIOPEEE ; 4, o 3T NTIUKE., KERLDIE
B my s mae mg RENEIUKE, KEL, HEOHR; C, REELH ; [ IAKRLOEH
B ThDH, Fh op, w I ZTNENER. KEKOEERTF vy IV TRORE)THZS
N5,

(D, T,ax) = pho(p,T) + RTIn( ) “)

R ). QOXEHBERLD . REDER DL R g, . RAKZLKO VRS, &
RBRORKDOEERE T ICBIT 2 ERE T HEA 2R,

ln(Sc)=fl—f§“ (5)

Se = So(1~ A2 Y4 (6)
L +(C_—~-C )I,lm

Te=TQ+[c (pv pw)O] we (7)

prmwc +C oMl T Cpam'ae

2l EXHOEREARRATHFALBNS,

4 =_2_M (8)
R3]16pwc

A, = Svm My, 9)
4JEMSpWC

=i”£w:c_@_]_;zN (10)
3M,e(Ty)

4 M) (T e () an

n(l,) eq (1) e (1)

3

LR, NREREEB (CCN) OARK lem® ¥72 0 OEKEE ; old/KOEXHERES ; R RIX
ZFNFN[atm cm*/(mol K)]B K Nerg/(mol K)PEIT L BEMAES ; M,. MIZTHETHAKRBLY
CCN (BT > EZ L) DHNTE mid CON (BB Y T h) OBEE ; p, RKOEE ;
vid CCN fREER D7 7 > b T v 7HRE ) oT)BRKKRKIE ; n(L)IIKBROEK DB T
., Thod,

HG)DWIE Kohler FRRRNEFUTH BHY, Kohler FERXPOBMLIIBL LBV T, #1i
ES,DEET, BATHB., L. FEFIOKRG)TORFLIZRAOEHES, THD. R
HNETH D, R6)KD. PHAFMLIZVHMEN L E2EZROVHEERTHIELERELTED,
BRINKEL RBE, BAOTHENLNS., AN S EEEENER 2T F OKE
(2R . REKEL. BEOEFNTNOBRBICEKEL TELT2ERNDLNS, o T, B
R B RD D DITIE. Kohler EF)VTI3 Kohler FRERXZEMTHEVWDIIH L, HFLWE
TNTRINEZD0XEEL L THESFICL>TRDENS,

BB, LTORIBIEE2IEAREFIINICEIDEEBE I I al—arTHWEYEBEEZRT.
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Table 1. Value of Physical Properties (1)

Rl R3 (e} esat pw ps v
82.0 8.31x10’ 75.67 6.108 1.001 1.769 3
atm cm’/(mol K) | erg/(mol K) dyn/cm mb g/cm’ g/cm’ —

Table 2. Value of Physical Properties (2)

Le ]6 Mw Ms CPW CPV Cpa
5973 273.15 18.0 132.0 1.00 0.45 0.24
cal/mol K g/mol g/mol cal/(g C) cal/(g C) cal/(g C)
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(A) Kohler 5 )L

FEFIORGITBN T, BRIHITH U TEES,ORDDITERS, & UT, B THRITIEX
W, BRI —EERETHDOT, BRI ERERERS, ZOKFIIK 1L IRTED
DTHD, M1IcHNWT, WO Kohler BHE T, BRFIHHIRIIAERER S5,

0.0008 020323-F1 ap 25 i . . oo
T ooms TS5 4w
o s, ~ | a,=le-Sem & 5\ \ 50=1,010
% 7 NN ECN . 515 |G — = = =§,~1.005
 0.0004 5 - gt \\ - = =5§,=1.001
S \ N [ g S\ 0
B ) N[y ) o 10 N ~
8 00002 i q g4 M :\\
s L] S=1-0007 (New, N =1) | {1+ ] =5 S o S
&, 0.0000 |4 5,=1.0007 (Kohler) A i 8 T~a :N_
a — = +8,=1.0005 (New, N =1) W g 0 C x._
F - S, =1.0005 (Kohler) | A
-0.0002 0 1 Z 5 : . . .
le-04 1e-03 le+00  Ie+01  1e+02  1e+03  1le+t04  1le+05
Cloud Droplet Radius a. (cm) Number Density of Cloud Droplet N (cm™)
Figure 1. Relationshops between Super Figure 2. Relationships between Equilibrium
Saturation and Equilibrium Radius. Radius and Number Density of CCN.
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FIZNE, §,7% 1.0005 DHE. BEAMMBIZAETHNERETHD, TARZOHD, ZRo
W i/J\év:jj@)«fi@ X @“’f& LTROLND, UL, 5,2 1.0007 DEFEE, KER
WSRO BEIRTHh AR SRR B Rz 20, Ut T, EROVHLEIRIRD 512N,

(B) $TILWLWEFI
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7 -kl (13)
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Figure 3. Relationships between Temperature Figure 4. Relationships between Suturation Ratio
Increment and Number Density of CCN. Decrement and Number Density of CCN.
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5B, £, CCN HEBE O FELEEBMTN T EEEOREIIRE/KELZ DI R AN
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UROBEDBFZALD,
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