
in highly porous brous materials

Heat transport in highly porous ber networks is analyzed
ing points per ber. The network is characterized

by three parameters: the ber aspect ratio, the porosity and

lengths of the correlation functions obtained from a ber structure image. As an application, the effects of the ber

Highly porous brous materials (HPFM) have many

paper products, exible thin- lm transistors, and

carbon ber insulation (Fiber Materials, Inc. under the

typical diameter of the bers in PICA is 14-16

the optimum materials to meet speci c design require-

conductivity in brous materials depends on the in-

trinsic TC of the constituents and also on the speci c
topology of the ber network and the matrix, which

conduction through the ber contacts.

been reported in the literature for TC modeling of -

tigated numerically the in uence of anisotropy on the
electrical conductivity of networks of nite rods near

(RM) approach [3]. In this approach, the ber system

model can be used to calculate the ETC of ber com-

ded with high-thermal conductivity bers. Numerical

be expressed in terms of the porosity, the ber thick-
ness and the mean distance between ber crossings.



ous CF analysis of ber networks and its implications

the ETC of 2D models of ber networks. We start

the ber aspect ratio and the anisotropy of the ber

2.1 Thermal conductivity of ber networks

shaped bers in a matrix. We assume the matrix does

propagation through the ber network is the only ther-

ber concentration, i.e. the number of ber in the unit
cube, the volume fraction of the ber phase can be

the bers, respectively. The porosity of the structure
. We assume the bers have large as-

(i.e. connectivity) is small compared to the ber
). This also means that the ber concen-

We also assume cylindrical symmetry for the ber

ow takes place along the -direction. The heat ux,
, through a ber connecting two points

the ber thermal conductivity,
is the angle between the ber and

-axis. The total ux through the plane
is obtained by adding all uxes corresponding to the

bers crossing the plane

number of bers crossing the plane at

average distance between the bers crossing the plane

, one nds

is an average distance between the bers

fective TC of the ber network can be estimated by
knowing only: (i) the intrinsic TC of the ber, (ii)
the components of the mean distance among the bers
along and across the heat ux direction and (iii) the

be used for 2D ber networks by omitting the factor 2

ber structure.

We introduce the two-point CF of the ber struc-



of a 2D ber

. All bers have the same length,

is inside a ber

represents the uctuation of the local TC with respect

, and vanishes at the in nity (see

The CF as de ned by equation (3) can be directly
computed from the digital image of the ber structure.

scale image of a brous material can be reduced to

The pro le of the CF curve provides useful in-
formation about the ber structure. For example, the

ber length (i.e., largest ber dimension) can be esti-

For the ber structure illustrated in Fig. 1, this value

with the ber length used in the simulation where we
units. The rst cor-

is related to the smallest ber dimension: the width
of the bers. One interesting question is: to which
parameter of the ber structure is associated the sec-
ond correlation length (second in ection point),

information about the ber network as a whole. For
2D ber structures, where all bers intersect if they

length coincides with the ber connectivity (average
distance between inter ber crossings),

For 3D bers structures on the other hand, the second

tween the bers,

of 2D ber structures as a function of the ber param-

conducting sticks (i.e., straight bers) of equal length

ment for the bers can be obtained and thus different
anisotropies for the ber ensemble produced. The de-
gree of anisotropy is quanti ed by an orientation pa-

sticks. The ber network is thus fully characterized by
, the ber as-

ues of these parameters lead to different ber struc-



Figure 2: (a) Two dimensional ber network with porosity
bers with aspect ratio

samples with xed

We started by analyzing the effect of the ber as-
pect ratio on the effective TC. To do that we xed the
width of the bers to a length of

an anisotropic ber con guration characterized by a

assumed that the heat ow in the structures take place

the CF of each ber network was calculated along and
across the heat ow direction and the second correla-

, was estimated from them. The ber

pixels belonging to the ber phase (“black pixels”).
After inserting values of ber density and correlation

of the effective TC to the intrinsic ber conductiv-



direction of heat ow) as a function of the ber aspect ratio (

across the heat ow direction, (
with increasing ber aspect ratio. The component
of TC along the heat ow, for example, starts with

network is formed by “short” bers (

the bers become longer, the number of ber con-

the ber network decreases, giving an increase in TC.
When the bers are long enough, further elongation
of the bers means an increase in the number of dead

the structure, as we used a xed value of
all the simulations. Thus, for each sample, the bers
were generated with a signi cant degree of align-

ow direction [see Fig. 2(d)]: therefore, according to

Next we studied the in uence of anisotropy on the
effective TC. In order to do that, we simulated ber

is, through the CF analysis of the respective ber im-

From the gure it can be seen that there are two

the effective TC along and across the heat ow direc-

the ber network is strongly isotropic and there-

ber alignment (

above relies on the fact that as the bers become more
-axis, the number ber

along (across) the heat ow direction. The same de-

ber networks can be estimated by utilizing informa-



the ber density) and the correlation length of the CF

cal conductivity of percolated networks of nite

ductivity enhancement of carbon ber compos-

Transport involving conducting bers in a non-

transport properties of a brous C/C composite

of ber networks: implications for the thermal




