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In-plane permeability of textile preforms is one of the most important input parameters for flow
simulation in liquid composite moulding processes [1]. Characterization of in-plane permeability by
radial flow experiments involves three major steps [2]: (1) tracking of the fluid flow front during the
experiment by acquisition of specific sensor data, (2) geometric modelling of the flow front by
processing the acquired sensor data and (3) calculation of the in-plane permeability tensor entries. The
work at hand addresses the modelling of flow front data acquired during the radial flow experiments.

In a paper recently published by the authors [3] the fundamental geometric nature of the temporal
flow front advancement in radial flow experiments was studied. It was shown that the well-known
solution for flow in isotropic porous media [4—6]:
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which involves the radius of the injection gate 7y, the radial flow front extent r¢, fluid viscosity 7,
preform porosity € and permeability k, pressure difference Ap as well as experimental time ¢, can be
well approximated by means of a simple parabola equation. A similar finding was derived empirically
for the flow in anisotropic porous media. In addition, the authors proposed to collect the entirety of flow
front data points acquired during the experiment and to approximate a specific type of elliptic paraboloid
model. This in turn allows for the analytic computation of the in-plane degree of anisotropy, i.e. the ratio
of minor and major principal in-plane permeability values, from the ratio of two paraboloid model

coefficients: apgy, = % This ‘paraboloid method” significantly reduces the computational costs of the
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permeability calculation algorithm, as — following the original work of Adams et al. [7] — it otherwise
requires a nonlinear iterative solution. Moreover, the paraboloid method adds robustness to the overall
data evaluation strategy compared to the conventional ‘ellipse method’ [3].

In a continuation of the work described above, fitting of an even-order term fourth order polynomial
surface model was studied. Compared to the elliptic paraboloid, this model allows for a higher level of
fitting accuracy, particularly with respect to the flow front data acquired in the early stage of the radial
flow experiment. Similar to the ‘paraboloid method’, the degree of in-plane anisotropy can be found
analytically from a number of polynomial surface model coefficients ay,:

a,,+ |a?, —4a,,(a:-,t+a
a14 / 2,2 \/ 22 1,2( 3,2 4,2)\
1,2
\a2,1 + \/a%a - 4‘11,1(‘13,1t + a4,1)/

)

Upolys =




Evaluating an sample data set from characterizing the in-plane permeability of a natural fiber woven
fabric, Figure 1 shows a comparison of the degree of in-plane anisotropy calculated according to three
different methods: (a) the conventional ‘ellipse method’, (b) the ‘paraboloid method’ and (c) based on
the even-order term fourth order polynomial surface model. The plots reveal a high level of conformity
among the results, particularly during the last stage of the experiments, which validates the applicability
of the approach. The high level of variation in the data found with the ‘ellipse method’ in the first stage
of experiment shows the sensitivity of this method to the transition of the initially circular flow front to
the elliptic shape characteristic for the material under test.
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Figure 1: Characteristics of the degree of in-plane anisotropy based on fitting elliptic geometry models (solid), an elliptic
paraboloid (dash-dotted) and an even-order term fourth order polynomial surface (dashed).

The method is universally applicable to evaluate various types of sensor data: flow arrival time data
determined by means of point sensors, saturation length data from linear capacitive sensors or flow front
data from optically tracked radial flow experiments.
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