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ABSTRACT. It is well known that thermal emission from soot particles can consti-
tute the dominant fraction radiative heat transfer from large-scale flames. Typically, the
sizes of aggregated soot particles will be considerably smaller than the infrared radiation
wavelengths associated with thermal emission in flames. Because of this, the radiative
absorption properties of the soot aggregates - which are essential to accurately model
radiative transfer in flames - can be predicted using an electrostatics (or Rayleigh limit)
analysis. Such an analysis is presented here. In the electrostatics limit the radiative ab-
sorption and scattering properties of a particle can be obtained from solution of Laplace's
equation for the particle configuration. A general analytical solution of Laplace's equa-
tion, based on a coupled spherical harmonics formulation, is developed for multiple sphere
configurations that are characteristic of aggregated soot particles. The method enables
the determination of the effective polarizability of the soot aggregate, from which the scat-
tering and absorption cross sections of the aggregate can be obtained. Calculations of
soot absorption are performed on fractal-like configurations of spheres. The configura-
tions are generated using a pseudo-random algorithm which creates a sequence of sphere
positions that exactly satisfy the fractal relationship for prespecified values of fractal di-
mension and prefactor constant. Results indicate that, first, the independent sphere (or
Rayleigh-Gans-Debye) model, in which the aggregate absorption cross section is given as
the sum of the primary sphere cross sections, can significantly underpredict the absorp-
tion of the aggregate when the real and imaginary parts of the sphere refractive index are
large. For refractive index values typical of carbonaceous soot in the IR wavelengths the
aggregate absorption cross section can exceed the sum of the sphere cross sections by as
much as 100%. Because of the spectral variation of carbonaceous soot refractive index this
effect is expected to be most significant in the near to mid IR radiation wavelengths, and
can lead to Planck mean absorption coefficients that are on the order of 20-50% greater
than those predicted from spherical Rayleigh models at typical combustion temperatures.
Secondly, it is shown that the Rayleigh-limit absorption properties of fractal aggregates
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scale according to the ratio of the primary sphere radius ap and the aggregate radius of
gyration Rg. This behavior allows the development of a relatively simple formula that
predicts Rayleigh-limit aggregate absorption efficiency for arbitrary fractal dimension and
number of spheres in the aggregate. Finally, the behavior of aggregate absorption in the
resonance region (i.e., comparable aggregate sizes and radiation wavelength), obtained via
exact solution of Maxwell's equations for the sphere configuration, is discussed. By nor-
malizing the aggregate absorption efficiency-with that obtained in the Rayleigh limit, it
is shown that the absorption properties of aggregates having arbitrary size parameters,
fractal dimension, and number of spheres can be represented by a single, characteristic
size parameter xc = xv{<iplRg)x^i, in which xy = 2napNs /A is the volume-equivalent
size parameter of the aggregate. The curves of normalized aggregate absorption efficiency
vs. xc are shown to be a function solely of primary particle refractive index. Implications
of the results on the effects of soot on flame emission and radiative propagation in the
atmosphere are discussed.
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