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Abstract

Characterization and design of fluid-thermal transport through random porous sintered beds is critical
for improving the performance of two-phase heat transport devices such as heat pipes. Two-dimensional
imaging techniques are quite well developed and commonly employed for microstructure and material
characterization. In this study, we employ 2D image data (thin sections) for measuring critical
microstructural features of commercial wicks for use in correlation-based prediction of transport
properties. We employ a stochastic characterization methodology based on the two-point autocorrelation
function, and compare the predicted properties such as particle and pore diameters and permeability with
those from our previously published studies, in which 3D x-ray microtomography data was employed for
reconstruction. Further, we implement a reconstruction technique for reconstructing a three-dimensional
stochastic equivalent structure from the thin sections. These reconstructed domains are employed for
predicting effective thermal conductivity, permeability and interfacial heat transfer coefficient in single-
phase flow. The current computations are found to compare well with models and correlations from the
literature, as well as our previous numerical studies. Finally, we propose a new parametrized model for
the design of porous materials based on the nature of the two-point autocorrelation functions. Using this
model, we reconstruct sample three-dimensional microstructures, and analyze the influence of various
parameters on fluid-thermal properties of interest. With advances in additive manufacturing techniques,
such an approach may eventually be employed to design intricate porous structures with properties

tailored to specific applications.
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homogeneous porous media. Using this approach, the one-point correlation function, S; is computed as
follows:
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Here, the image size is assumed to be M x N pixels. Similarly, the autocorrelation function is computed
for each pixel (m, n) in the image as follows:
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In this equation, iy, = M-m, and jnax = N-n, respectively [27]. Once computed, the data are averaged to
produce the direction-independent, one-dimensional two-point autocorrelation function, S, (r). For this,
the first pixel in the image is considered as the origin, and autocorrelation functions along various polar
directions with discrete increments are considered. For points not coinciding with the pixel centroids,
bilinear interpolation is employed [27]. Figure 1 a) shows a typical computational grid with pixel
centroids and actual lattice points, while Figure 1 b) shows the S, function computed for our samples,
along with the 2D images employed, taken from [6]. Further details of this approach may be found in
[27].

2.2. Microstructural Characteristics from Autocorrelation Functions
Correlation functions may be employed to characterize the microstructure of stochastic porous
materials. As noted earlier, S; is simply the porosity of the material of interest. Similarly, the two-point
autocorrelation function has several interesting characteristics. For all isotropic materials without long-
range order, the following properties may be readily derived:
S,(r=0)=¢;lims,(r)=¢* (7)
Further, Debye et al. [25] showed that the surface area per unit volume or the specific surface area s
of the porous material may be readily obtained from the slope of the two-point autocorrelation function.
Employing a 2D image, such as the one in the current study, the surface area per unit volume may be
computed as follows [19]:
d
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Specific surface area is useful in estimating the effective pore diameter of porous media. As noted in

Dullien [5], the effective pore diameter of any porous material may be defined as follows:












a)

Figure 1. a) Mesh for computing autocorrelation function. Pixelated grid is shown along with a few
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b)

lattice points used for computation, and b) sample autocorrelation function computed for the three cases

used in this study, shown along with the microtomography slices employed.
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Figure 2. Typical workflow employed in this study for generating stochastically equivalent 3D

microstructures from 2D images. .
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