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Abstract

The extreme cold weather clothing is essential for survival in sub-zero temperatures with
uncertain extremities such as wind, rain, snow etc. The main purpose of this research work
is to explore a light-weight thermal insulation layer which could provide optimum
insulation for the wearer at sub-zero temperatures. The required thermal insulation for a
wearer is highly dependent on his/her metabolic heat protection, ambient temperature and
other factors such as wind chill. It is also necessary to consider the various heat transfer
modes and how they are affected by fabric structure and constituent fibres before designing
the insulation layer. An insulation layer having high porosity provides space for air and in
turn lower the heat transfer by conduction. However, heat transfer by convection and
radiation might increase. The heat loss by convection and radiation would be dominate in

windy and low ambient temperature respectively.

In this work the effect of nonwovens’ structural parameters such as thickness, areal density,
porosity and fibre parameters such as fibre linear density and cross-section on thermal
resistance have been studied. Polyester fibres of solid and hollow cross-section were used
to prepare thermally bonded nonwovens. Thermal resistance of nonwovens increases with
decrease in fibre denier. For a given porosity of nonwoven, the finer fibre nonwovens have
smaller mean flow pore size, entrapping more air, thus reducing radiation heat loss. The
heat transfer through hollow fibre nonwovens having very high porosities is dominated by

radiation and natural convection.

In the case of multilayer nonwovens, finer fibres must be kept at the outer most layer. If
the coarser fibres are kept at the outer most layer, then the large open spaces in that layer

allows air to move freely thus, reducing the insulating capacity. Finer fibre nonwovens



lose thermal resistance considerably under compression. Multilayer nonwovens with at

least two layers of hollow fibres gave higher thermal resistance under compression.

A one dimensional heat transfer model from human body to environment through a porous
structure has been developed using a computational fluid dynamics software. The
simulation shows that, fine fibres are effective in reducing the total heat loss. In the case of
coarse fibre nonwovens, heat losses by convection and radiation are prominent.

An instrument is developed to evaluate heat transfer characteristics of multilayer layer
fabrics at sub-zero temperatures. This instrument can be used to evaluate many thermo-
physiological characteristics of fabrics and their ensembles such as heat loss, thermal
resistance, and also survival time under various combination of metabolic rate, ambient
temperatures and thermal resistance. The instrument is found to give good reproducibility
in measuring heat loss and thermal resistance across all ambient temperature conditions.
The survival time is highly affected by the metabolic heat productions, ambient temperature
and fabric thermal insulation. When the ambient temperature is -60 °C, the hollow fibre
nonwovens are prone to more heat loss than the solid fibre nonwovens. A study on

measuring temperature gradients across multilayer ensemble has been conducted.
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