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ABSTRACT: To study the effect of internal temperature and
concentration gradient on the evaporation rate calculation, a
rapid mixing model and an effective diffusion model are
established. The evaporation process under different conditions
are calculated using the two models, and the relative error of
the rapid mixing model is presented. It shows that the internal
temperature gradient has an impact on the evaporation rate
calculation in the initial stage, but it has little effect on the
calculation of droplet lifetime. For the evaporation of saline
water droplets, although there may exist large concentration
gradient inside droplets before salt crystallize, the error of
calculated evaporation rate is small. In general, the rapid
mixing model can be used to calculate the lifetime of pure
water droplets evaporating in an environment below 700°C.
When dealing with the evaporation of saline water droplets, the
effective diffusion model can calculate the salt crystallizing

process more precisely.
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Droplet evaporation phenomenon is widely found
in nature and used in industrial production, such as spray
cooling, fire suppression, seawater desalination and
treatment of salt wastewater in power plant. During the
droplet evaporation process, there is also heat and mass
transfer process inside the droplet, which is the liquid
phase transportation process. Different evaporation
models can be distinguished, including the "d*" model,
the rapid mixing model, the complete vortex model and
the effective diffusion model.

In the above models, the rapid mixing model is
widely used in many engineering problems due to its
simplicity and convenience. However, because the model
does not consider the internal temperature and
concentration gradient, the calculated evaporation rate
may not be very accurate. And there is few literature
estimate the error when adopting the rapid mixing model,
so it is necessary to study the problem. In this paper, the
temperature and concentration distribution inside the
and their

droplets influence on evaporation rate

calculation under different conditions are studied.

The equation describing the internal heat
conduction process of the droplet is
or 10 , 0T
Cp—=——(Axgr — 1
Ao = Ry M

The relative error of the fast mixing model is
analyzed by changing the initial droplet diameter, the
ambient temperature and the relative velocity between

the droplet and the environment. The results are shown
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Fig. 1 Error of the rapid mixing model

at different evaporation stage

As seen from Figure 1, the effect of the internal
temperature gradient on the evaporation rate calculation
is mainly reflected in the initial stage, and the error
increases with the initial droplet diameter and the
ambient temperature. The internal temperature gradient
has little effect on the calculation of droplet lifetime.
Thus the rapid mixing model can be adopted when
calculating the lifetime of pure water droplets.

For the evaporation of saline water droplets,
although there may exist large concentration gradient
inside droplets before salt crystallize, the error of
calculated evaporation rate is small. When the ambient
temperature is below 160 °C, the error caused by internal
concentration gradient is below 1%. More accurate
results can be obtained by using the effective diffusion
model of salt

when dealing with the process

crystallization.



