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INTRODUCTION

Researchers found that the eectrospun mats provided good aerosol
particle protection, without a significant change in moisture vapor
transport. It was shown that materials used in protective clothing
must provide a combination of high barrier performance and thermal
comfort . It has been recognized that the heat and moisture transport
behaviur of textile miaterids I1s one of the most mportant factors
Influencing the dynamic comfort performance of clothing in normal
USE.

The main am of this study was to investigate the coupled heat and
moisture transfer through nanofiber mats. We applied the model of
coupled heat and moisture transfer to predict of transient moisture
and temperature changes of PAN nanofiber mats. Also we devel oped
a model that takes into account the role of convective heat transfer.
The theoretical results are compared with those measured
experimentally.

Mathematical model

We consider an element of nanofiber mats with unit area and
thickness dx exposed to moisture and temperature gradients. Results
obtained by scale analysis showed that the heat transfer by
conduction and convection are Important but heat transfer by
radiation is negligible. The mass and energy balance lead to:
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These equations are not linear and contain three unknowns, C;, T, C,.
A third equation is needed to solve the equations.

Sorption kinetics for cylindrical fibers is described by diffusion
process, which is governed by Eqg. (3):
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The moisture content af the fiber surface Is assumed to reach
Instantaneous equilibrium with the moister content of the adjacent
ar, as:

Csf(?‘"ﬂf{]: f’iﬁ*’C{Hf“’:-f{E'ﬁ (x.0)}  (4)

The relationsnip between W_and H; is commonly described as the
sorption isotherm for a given fiber. For instance, the sorption
Isotherm for PAN can be expressed as:

R =0.0236H ; (5)
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a x=0, T=35°C, RH=90%
a x=L, T=25°C, RH=65%

T =25°C  65% RH

Results and Discussion

The predicted curve of water vapor concentration in the air filling the
Interfiber void spaces In the nanofiber mat indicates that diffusion of
water vapor into nanofiber mat through the void spaces is very fast
and with a transient period of increasing pulse of water vapor
concentration. Also the process of water vapor diffusion into PAN
nanofibers is fadt.

/f"

Vi
v
””)/'//
i

—y

Figure 1- Distribution of water vapor  Figure- 2 Distribution of water content
INto nanofiber mats INto the nanofiber mats

Temperature changes during the water vapor diffusion process,
Illustrates that the temperature rises initially and then decreases
gradually and reaches steady state with environment.
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Figure 3
Ibution of temperature
changes in the nanofiber mats
by improved model
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Comparison of experimental and computational results
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Fig. 4 Theoretical prediction of relative humidity at the nanofiber mats surface
INn comparison with experimental measurements
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Fig. 5 Theoreticd prediction of temperature @ the nanofiber mats surface In
comparison with experimental measurements
Conclusion

Nanofiber mats with high rates of water vapor diffusion and low air
permeability are promising candidates for protective clothing
applications.




