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Abstract. The mass accommodation coefficient of water is and causes the maximum supersaturation to increase. It has
a quantity for which different experimental techniques havebeen shown that relatively large increases in cloud droplet
yielded conflicting values in the range 0.04-1. From thenumber concentrations can result for small decreases in the
viewpoint of cloud modelling, this is an unfortunate situ- value of @ (Rudolf et al, 2001, Nenes et a).2001). The
ation, since the value of the mass accommodation coeffivalues of mass accommodation coefficient applied in recent
cient affects the model results, e.g. the number concentracloud model studies are between 0.04Kie{denweis et a).

tion of activated cloud droplets. In this commentary we note2003, which undoubtedly causes differences in the model
that in cloud modelling, the primary quantity of interest is results. In cloud modelling, the primary quantity of interest
the droplet growth rate rather than the mass accommodatiois the droplet growth rate rather than the mass accommoda-
coefficient, and that experimental investigations of droplettion coefficient, and it is obvious that experimental investiga-
growth rates provide more direct verification of cloud mod- tions of droplet growth rates provide more direct verification
els than do measurements of the mass accommodation coedf cloud models than do measurements of the mass accom-
ficient. Furthermore, we argue that the droplet growth rateamodation coefficient. It is our purpose to point out that the
calculated in cloud model studies are consistent with experi-droplet growth rate calculated in cloud model studies is only
mental results obtained so far only if a mass accommodatiortonsistent with experimental results obtained so far if a mass
coefficient of unity is applied. accommodation coefficient of unity is applied.

1 Introduction 2 Discussion

The mass accommodation coefficiemt of water vapor The c_o_ndensa_ltlon theory use_dln cloud modelsis the so call_ed
transition regime condensation theory. The mass flux di-

molecules on liquid water has been studied experimentally

and theoretically for decades with conflicting results. Recentre(:ted away from the droplet can be given in the fokul¢

experiments on droplet growth rated/iakler et al, 2004 mala et al. 1993ab)

indicate a mass accommodation coefficient of unity or near —Axa(S — S,)
unity, while results from droplet train flow reactots etal, | = wr—rmrs ooz S (1)
2007 have yielded values on the order of 0.1-0.3. Even My By Dpe(Too) + RBrKTZ

lower values, on the order of 0.04-0.1, were obtained with . ] . o

a technique measuring droplet evaporation rates in an ele¢¥herea is the droplet radiuss is the gas phase activity at

trodynamic levitation chambe3paw and Lamja1999 . ambient (far from the droplet) temperatufg andsS, is the
The mass accommodation coefficient is a quantity that af.ACtivity over the droplet surface is the gas constant/, is

fects among other things the results obtained with proces&® molecular weight of the condensing vaparis the bi--

models simulating cloud droplet growth. A mass accom-"nary (between vapour and the inert gas) diffusion coefficient

modation coefficient below unity slows down droplet growth &t Too. Pve is the saturatiqn vapour pressure of the quuip,
is the latent heat of vaporization a#dis the heat conductiv-

Correspondence toA. Laaksonen ity of the vapour-gas mixture at the ambient temperature and
(ari.laaksonen@uku.fi) p is the ambient total gas pressure. This equation has been
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derived subject to several approximations which do not leadan expansion cloud chamber system. They studied liquid

to significant inaccuracies (see evgsala et a].1997). droplets nucleated on Ag particles and growing due to con-
By is the transition regime correction for mass transfer densation of supersaturated water vapour using the experi-

which has been considered by several workers; euguta  mental system presented in detail YWagner et al(2003.

and Walter(1970; Sitarski and Nowakowsk{1979; Dah- In the experiments,the supersaturations were on the order of
neke(1983; Loyalka (1983. Here, we apply the formula 30-40%, and droplet growth rates on the order ofh)s.
derived byFuchs and Sutugi(l970 Vapour supersaturation was achieved by adiabatic expansion
14 Kn in a computer controlled thermostated expansion chamber re-
Bu = , (2) sulting in well defined uniform thermodynamical conditions
1+ (%M + 0-377) Kn+ z—Kn? in the measuring volume. Growth of droplets was observed

using the constant-angle Mie scattering (CAMS) detection
method Wagner 1985 providing absolute, time-resolved
and non-invasive simultaneous determination of droplet di-
ameter and number densityinkler et al.(2004 compared
their results with theoretical calculations employing the tran-
sition regime condensation correction Bychs and Sutugin
Br = 1+ Knr ’ 3) (1979 with different values of the mass accommodation co-
1+ (3% + 0.377) Kny + 52 Kn% efficient. They found agreement only for mass accommoda-
r r tion coefficients in a certain range around unity.
wherear is the thermal accommodation coefficient. The The droplet train apparatus &f et al. (200]) is based
Knudsen numbeXny for heat transfer is defined analo- on a fast-moving monodisperse, spatially collimated train
gously toKn by replacing the mean free path of vapour by of droplets interacting with the gas-phase specie?@-br
a length scale for heat transfer, which is provided by theD»0O) in trace quantities. The liquid water itself is in equi-
mean effective free path of the carrier gas molecules calibrium with its vapor, and the uptake of the trace isotopic
culated from the heat conductivity of the inert ga¥aQ- species (which is of course out-of equilibrium) does not sig-
ner, 1989. Clearly, oy refers to water vapour molecules, nificantly perturb the bulk phase or the surface of the liquid.
while a7 refers (mainly) to inert air molecules. Note, that Mass accommodation coefficients are obtained from the de-
the transition regime corrections used in the present study itermination of uptake (condensation) of gas phase isotope
conjunction with the proper definitions of the Knudsen num- in trace amounts combined with calculations using a the-
bers Fuchs and Sutugjrl970 have been found to provide ory which describes the transport of vapor molecules from
good approximations for molecular mass ratios ranging fromthe gas phase to the air-water interface, and transfer of the
valuesk1 (light vapours) up to values exceeding @u(and  species across the interface, i.e. a different theory than that
Davis, 2001). Similar expressions must also be applied in used byWinkler et al. (2004, and in the cloud models.
multicomponent condensation calculations, see e.g. the treaAttempts have been made to reconciliate the above results
ment of nitric acid condensation during cloud formation by (Morita et al, 2004 Davidovits et al. 2004 but so far with-
Kulmala et al.(19931. out success. Both the growth rate and droplet train experi-
In calculations of the condensational growth, the equationaments are carefully designed, and almost an order of magni-
for mass and heat fluxes are coupled and knowledge of théude difference in the mass accommodation coefficient seems
droplet temperature is required in order to calculate the masguite high.
flux. The above expression for the mass flux takes approx- The lowest experimental values measureddfan recent
imately into account the correct droplet temperature due toyears, between 0.04-0.1, were obtainedShyaw and Lamb
the latent heat release and under atmospheric conditions thHd999. They measured the evaporation rate of droplets sus-
formula very precisely gives the same results as the full coupended in an electrodynamic levitation system within a con-
pled equations used Minkler et al.(2009) (see alsd/esala  trolled environment. They used the homogeneous freezing
et al, 1997. FurthermoreFladerer et al(2002 have shown nucleation rate as a way to measure droplet temperatures.
that the formula is applicable to all growth regimes and to ini- The relation between nucleation rate and temperature was
tial conditions of high supersaturation, for which it was not obtained fromPruppache(1995, who derived values for the
expected to work properly. In their experiments, the super-freezing nucleation rate at temperatures between 244-229K
saturations reached values as high as 1100%, i.e. over thrd®y making use of a combination of cirrus cloud and labo-
orders of magnitude higher than at typical cloud conditions.ratory observations, classical nucleation theory, and an as-
Correspondingly, the experimental droplet growth rates weresumption that liquid water exhibits a critical point close to
on the order of 5@&m/s, whereas typical cloud drop growth 228 K, causing many of the thermal properties and the freez-
rates are three orders of magnitude slower. ing nucleation rate to diverge. It should be noted that some of
Winkler et al. (2004 carried out experiments on the the observations used Byuppache¢1995 may not be com-
growth rates of water droplets observing growth kinetics in pletely reliable, and that the homogeneous nucleation theory

where the Knudsen numbéfn is the ratio of the mean ef-
fective free path of the vapour molecules, calculated from
the vapour diffusivity, to the droplet radiusc,, is now the
mass accommodation coefficient. Correspondingiyis the
transitional correction factor for heat transfer
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25 Table 1. The effect of accommodation coefficient on cloud drop
number concentration (CDNC) calculated using a cloud parcel
model Kulmala et al, 1993h. The aerosol size distribution is log-
normal, with a geometric mean deviation of 50 nm, geometric stan-

dard deviation of 1.7, and number concentration of 3000%nThe
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To summarize, comparison with the currently available ex-
perimental growth rates indicates that the full coupled Fuchs-
Sutugin growth expressions with=1 are in excellent agree-

Fig. 1. Experimental results of Winkler et al. (2004) for droplet . . . .
growth. Theoretical growth curves calculated by means of the tranMeNt with experiments at saturation ratios between 1.378

sitional drop growth theoryHuchs and Sutugjri970 for mass ac- (Winkler et "_il’ 2(_)04) and 12_ Eladerer et a).2002. Furt_her-
commodation coefficients between 0.04 and Ar indicates the ~ More, the simplified equations presented above, suitable for
experimentally determined time interval at the end of expansion,cloud modelling purposes, give very good results at the lower
within which the start of droplet growth occurs. saturation ratio and are in reasonable agreement with the ex-
periments even af§=12. Cloud formation occurs at lower
saturation ratios than what the currently available growth rate

is still a complex, unsolved problem (see eSginfeld and ~ €xperiments cover; however, there is no fundamental differ-
Pandis 1998. FurthermoreHuang and Bartel{1995 have  €nce in the growth theory which would make high supersat-
shown that it is possible to supercool water clusters down td4rations and rapid condensation different from low supersat-
200K before they freeze (see aBartell, 1997). Taken to- ~ uration and slow condensation. In fact, slow condensation is
gether, these facts suggest that the temperature determinatid®ss prone to errors, since the common assumption of quasi-

of Shaw and Lami§1999 might be prone to errors. stationary growth is less accurate for the case of rapid con-

Figure 1 shows a dataset of droplet growth recorded durdensation. Thus, there is very good reason to believe that

ing the experimental study of Winkler et al. (2004) but not the transition regime condensation theory with1 predicts
shown in their paper, as well as theoretical growth curvestloud drop growth rates accurately.

calculated using the transition regime condensation theory,

and mass accommodation coefficients ranging from 0.04 to

1. ltis clear that only values near unity yield theoretical pre-3 Conclusions

dictions consistent with the growth rates. Accordingly, the

full coupled droplet growth equations accurately predict ob- At present, it is not clear whether the real value:d$ near 1
servations of droplet growth kinetics in an expansion cloudor below. If the latter case proves to be correct, this must be
chamber systemi(inkler et al, 2004, when the accommo- associated with a deficiency of the currently used transition
dation coefficientsy, ander are setto 1. Thus the usage of regime corrections for droplet growth rates. Whatever the
Expressions (1-3) withy; anda7=1 is a physically rigor-  case, the rigorous transition regime growth theory combined
ous and consistent approach to estimate the condensationaith a water vapour thermal and mass accommodation coef-
growth. We stress rigor, since many atmospheric scientistsicients of unity yields excellent predictions of experimental
are apparently unaware of the recent developments in theroplet growth rates. For this reason, the use of mass accom-
condensational growth theories and apply fundamentally in-modation coefficient values lower than 1 in cloud models to-
correct expressions deviating from that given above (see vergether with the rigorous droplet growth theory is inconsistent
recent discusssion biines et al.2004 and Vesala et al.  and should be avoided.

2009). We stress consistency, since the same theory used in

the interpretations of the experiments must be fully appliedacknowledgementsThis work was supported by the Academy of
in subsequent atmospheric models. Therefore, as long as thenjand (project 201052 and the Center-of-Excellence program)
transition regime condensation theory is used in cloud modand by the Austrian Science Foundation (FWF, Project No.
els, the accommodation coefficients should be set to unityP16958-N02).

Lower values can lead to too high cloud drop number con-

centrations, as indicated in Table 1. Edited by: G. Feingold
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