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Study on Energy Transfer of Droplet Heating by Thermal Radiation
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Abstract: In order to improve the efficiency of droplet heating by thermal radiation, this paper
focuses on the energy transfer processes such as reflection, absorption, and transmission after
parallel thermal radiation is projected on a single droplet. A calculation model of transfer process
is established using zone method. With this model, the evolution of droplet temperature field,
and the quantity and spatial distribution of droplets that absorb, reflect, and transmit radiation

1

are calculated with droplet absorption coefficient between 1 and 1 000 m™ "', droplet diameter be-

tween 0. 1 and 10 mm, and droplet refractivity between 1. 1 and 2. 0. Results suggest that, during
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reflection, the droplet reflectivity only depends on the droplet refractivity. As the refractivity in-
creases, the reflectivity increases too, and the dominance of projection direction gradually shifts
to the reverse projection direction in terms of spatial distribution of the reflected radiation. The
reflectivity within the current range of study is no more than 14%. During absorption, improving
the droplet absorption coefficient and refractivity while reducing the droplet size is an effective
way to obtain rapid and uniform temperature rise of droplet. However, the decrease in particle
size leads to decrease of droplet absorption rate, and a large amount of thermal radiation energy
leaves the droplet by transmission. These transmitted and reflected radiations can be reused and
are collectively defined as the secondary radiation. During transmission, the total amount of
transmitted radiation increases with the decrease of absorption coefficient, refractivity or particle
size of droplet, while the distribution of transmitted radiation is dominated by the projection di-
rection. The empirical correlations about the droplet absorptivity and the directional radiation in-
tensity of transmitted radiation are fitted based on the conclusions above. The relative error be-
tween these empirical correlations and their definition falls within 10% and 15% respectively. On
these grounds, the quantity and composition distribution of secondary radiation is plotted and the
plot shows that the secondary radiation gradually turns from reflection-dominant to transmission-
dominant with the decrease of droplet size, absorption coefficient or refractivity. The result of
this study provides a reference for the selection of thermal radiation source and the layout of drop-
lets in the application of droplet heating by thermal radiation.

Keywords: thermal radiation; reflected radiation; absorptivity; transmitted radiation; secondary

radiation
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Fig. 1 Droplet mesh and radiation calculation
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Fig. 13 Spatial distribution of transmitted radiation under

different refractivities
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Fig. 14 Spatial distribution of transmitted radiation under

different droplet sizes
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Fig. 16 Distribution diagram of droplet absorptivity and

secondary radiation composition
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