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ABSTRACT

Prediction of thermal properties of textile materials has always been an issue of
concern for the characterization of clothing comfort as well as designing of textile
materials for specific insulation applications. A number of investigations have been
carried out to understand the phenomenon of heat transfer through fabrics. The effects of
fabric and fibre properties and the environmental parameters on the thermal insulation
properties have been studied by many researchers. Many methods of measurement have
been devised to measure the thermal insulation of textile materials in different conditions.
Prediction tools that can be used to estimate the thermal insulation of fabrics prior to their
manufacture can greatly decrease the time taken to design a clothing assémbly. However,
a comparative analysis of different prediction tools available at present that can be used
for the prediction of thermal properties has not been reported. A comparative study of
different prediction models for thermal insulation based on constructional parameters of
fabrics has been carried out to see which model gives the best prediction performance with
least errors.

The focus of this thesis is to analyse various models that can be used to predict the
thermal resistance of a woven fabric based on its basic constructional parameters. The
fabric parameters considered were weave, warp and weft linear density, thread spacing,
thickness and fabric weight. The last two parameters, although derived properties, have
been reported to have a major influence the thermal resistance of the fabrics. Hence,
inclusion of these two properties was necessary. Different methods of prediction, mainly
statistical modelling and artificial neural networks were used to check their capability to
estimate the thermal resistance of the same set of woven fabrics and compare the
prediction performance of both these tools. It was not possible to segregate the

constructional parameters and find their individual effect on the thermal resistance because
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they are all inter-related to each other. It was observed that the thermal properties of
fabrics are based on the collective influence of all the constructional parameters instead of
one or two. A polynomial function including all the parameters as variables and consisting
of linear, interactive and square terms gave the best prediction. A feed forward back
propagation neural network with two hidden layers was designed with the constructional
parameters as inputs and thermal resistance as output. It was seen that the neural network
was able to predict the steady state thermal resistance value of the fabrics with excellent
correlation and less error as compared to the statistical model.

A conduction-radiation model of heat transfer through woven fabrics was
developed based on the first principles. The basic weaves can be converted into a common
structure consisting of unsupported lengths of warp and weft, stack of warp and weft and
air pore. This structure can be used to find the conduction heat transfer by lumped method.
The radiation heat transfer through this structure was divided into two parts viz. heat
transfer through air pores which can be calculated by net radiation method in an enclosed
surface and secondly heat transfer through the fibrous web which can solved with the help
of linear anisotropic scattering through a web of infinite cylinders. A MATLAB based
code was generated which could predict the thermal resistance of basic woven fabrics
based on their constructional parameters. The values obtained from this program were
compared with the actual experimental values and it was obseryed that the mathematical
model was able to predict the thermal insulation of woven fabrics in a non-convective
environment.

Convection heat transfer over the fabric at different velocities through the wind
tunnel could be simulated with the help of computational fluid dynamics. The effect of
various fabric parameters like fabric porosity and thickness and environmental parameters

like air velocity on the convective heat losses was siudied. It was observed that the



convection heat transfer increases with increase in air velocity. The convective heat
transfer decreases with the increase in the fabric thickness and also with increase in fabric
porosity. The latter was an interesting and contradictory observation and it was suggested
that in the case of fabrics placed in a direction parallel to the wind flow, increase in
porosity means increase the air pores inside in the fabric which act as insulators and the
thermal resistance is increased. The mathematical model along with the values obtained
from the computational fluid dynamics was used to predict the thermal insulation of
fabrics, in natural as well as forced convective modes and the values obtained thereof

compared well with the experimental data.
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