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ABSTRACT

Numerical solutions are obtained for transient response of water droplets to radiative
heating. Results are presented for evaporation of polydispersed droplets in the solar
radiation field. The evolution of the temperature and size of the droplet are determined.
The results are discussed based on cloud droplet evaporation in the presence of absorbing
inclusions.
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INTRODUCTION

The interaction between radiation and cloud droplets results in the attenuation of radiative
energy by scattering and absorption. If the absorbed energy is significant, droplet
temperature increases and further perturb the equilibrium of water vapor with the cloud
droplet. At the same time, the change in the droplet size further alters the radiation transfer
parameters. These processes are governed by the energy and vapor transport between
droplets and the environment. This heating and subsequent evaporation of droplets in a
radiation field are important in many areas, such as fog clearance and cloud processes
(Ackerman et al., 2000; Koren et al., 2004). In this paper, radiative evaporation of water
droplets containing soluble salt (NaCl) and a black-carbon core is presented.

METHODOLOGY

Mass and energy balance of a single water droplet in gas irradiated by a uniform radiation
field is considered here. Single droplet equations are then expanded to obtain the mass and
energy balance of polydispersed droplets. For an incompressible droplet of density pp and

constant heat capacity Cp the energy conservation equation (Davis and Brock, 1987) is:
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where Tp is the uniform droplet temperature, D, is the droplet diameter, Ky is the heat
conductivity, Ty gas temperature, t is the time, L is the heat of evaporation, M is the
droplet mass, Qaps is the radiation absorption efficiency and lp is the uniform beam
intensity. On the right hand side of Eq. (1), the first term is the energy loss due to
conduction, while the second term is due to latent heat loss. The last term in Eq. (1)
represents the heat gain by radiation absorption. In the above formulation the convective
energy transfer is neglected. Assuming steady state conditions, flux and gradient terms in
the Eq. (1) are given by (Williams, 1965)
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where ¢ is the density of the host gas, Dy is the diffusivity of the water vapor in the gas,
Ca is the heat capacity of the host gas, J is the mass flux, Y., and T.are the water vapor
mass fraction and temperature far away from the droplet, and Y; is the saturation mass
fraction at the droplet surface.

The single droplet interaction with radiation and evaporation is extended to polydispersed
droplets. The heating rate of the host gas which contains the droplet matrix per unit

volume can be expressed as:
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where N(Dy) is the droplet size distribution, ( is the absorption per unit volume by the
host gas, 4 is the density of the host gas. Similarly, the water vapor mass fraction in the

host gas:
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A sectional method with moving grid size structure was used to solve Egs. (2) to (5) over
droplet size distributions (Varghese and Gangamma, 2006). The solutions are determined
by a public domain solver DVODE (Hindmarsh, 1983).

NUMERICAL RESULTS AND DISCUSSIONS

Evolution of droplet spectra by radiative heating

Absorption of solar radiation by polydispersed droplets suspended in air with absorbing
inclusions is examined here. The radiation absorption coefficient is obtained for a layered
sphere, with absorbing material in the core (black carbon, BC) and in the water shell
outside (Toon and Ackerman 1981). The refractive index is assumed constant over the
wavelength. This may induce error in the absorption efficiency of BC. However, for
simplicity, a constant refractive index of (1.96, 0.66) is assumed for BC. A constant
intensity of solar radiation 600 W/m’ is assumed for the calculation. The absorption
efficiency is calculated for a wavelength of 16 grids ranging from 0.2 to 2.2 [1m, and
accounting for a solar constant of 1307 W/m”. The absorption efficiency is weighted
averaged over the solar insolation spectrum (Seinfeld and Pandis, 1998). The initial size
distribution of the droplets is assumed as lognormal and has a number mean diameter
(NMD) of 7.0 ['m and a GSD of 1.4. For present calculations, the size distribution is
divided into five diameter bins. The number concentration of the droplet is assumed as 50

Jem®. In each size bin,
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Fig. 4. Evolution of water droplet size distribution in the presence of absorbing inclusion

and soluble salt.



the droplets contain a constant absorbing core of diameter of 0.2 [Jm of BC. The salt
(NaCl) is a variable in the size bin. The largest bin is assumed to contain a salt mass
equivalent to 0.200m in diameter of the NaCl particle. It assumes that all the droplets are
in equilibrium initially. The droplet size distribution evolution is shown in Fig. 4. The
lognormal function is fitted over the size distribution at each time step. The figures are
plotted using fitted lognormal distribution parameters. Initially, the droplet distribution
widens (high GSD) and finally the polydispersity of the droplets decreases (low GSD)
considerably. The NMD of the droplet is decreased from 7 to ~[]['m, due to evaporative
loss by heating.

CONCLUSIONS

These results are important for cloud droplet size distribution evolution. Cloud albedo is a
strong function of the polydispersity of cloud droplets. The dispersion of cloud droplet
size has significant effect on earth’s radiation balance (Liu and Daum, 2002; Peng and
Lohmann, 2003). Even though the center core assumption of the inclusion may not
accurately represent the absorption (Jacobson, 2006), the preliminary results show that the
size and polydispersity of the droplets can be modified in the presence of absorbing
material. Earlier studies on cloud droplet evaporation were made for cloud droplets
immersed in high concentration of the absorbing aerosols (Ackerman et al., 2000).
Aerosols were treated as externally mixing with the droplets. These studies showed the
effect on cloud lifetime due to increased heating in the presence of absorbing aerosols and
consequently affect radiation balance of earth. Similar magnitude of radiative forcing may

be possible if the cloud droplets contain radiation absorbing compounds.
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